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Aarwif-  A ARONSBURG,  a poft  town  in  Nnrthumber- 
land  county,  Pennfylvania,  lies  near  the  head 
II  . of  Penn’s  creek,  it  is  chiefly  a German  fettlement, 
.^errati^.  milef  wefterly  from  Lewifburg  and  40  W. 

by  N.  from  Sunbury,  160  miles  W.  N.  W.  from  Phi- 
ladelphia.— Morse. 

ABACISCUS,  in  architedture,  the  fame  with  A- 
BACUs  ; for  which,  fee  Encyclopedia. 

ABACOOCHEE,  or  Coofee,  a large  river  rifing  in 
the  S.  W.  Territory,  palTing  into  Georgia,  through 
the  Cherokee  into  the  Creek  country,  where  it  unites 
with  the  Oakfuflcee,'’and  forms  the  Alibama. — Morse. 

ABATIS,  or  Abattis,  is,  in  military  language,  the 
name  of  a kind  of  retrenchment  made  of  felled  trees. 
When  the  emergency  is  fudden,  the  trees  are  merely 
laid  lengthwife  befide  each  other,  with  their  branches 
pointed  towards  the  enemy,  to“  prevent  his  approach, 
whilft  the  trunks  ferve  as  a breaftwork  before  thofe  by 
whom  the  abatis  is  raifed.  When  the  abatis  is  meant 
for  the  defence  of  a pafs  or  entrance,  the  boughs  of  the 
trees  are  generally  ftripped  of  their  leaves  and  pointed  ; 
the  trunks  are  planted  in  the  ground  ; and  the  boughs 
are  interwoven  with  each  other.  It  is  needlefs  to  add 
that  the  clofer  the  trees  are  laid  or  planted  together, 
the  more  fecure  is  the  defence  which  they  afford  ; and 
if,  when  they  are  planted,  a fmall  ditch  be  dug  towards 
the  enemy,  and  the  earth  throwm  up  properly  againfl: 
the  lower  part  of  the  abatis,  it  will  be  very  difficult 
to  pafs  it  if  well  defended. — Simes’s  Military  Guide, 

ABBEVILLE  County,  in  Ninety-fix  diflridf,  S.  Ca- 
rolina, bounded  on  the  N.  E.  by  the  Saluda,  and  on 
the  S.  W.  by  the  Savannah,  is  35  miles  in  length  and 
21  in  breadth;  contains  9197  inhabitants,  including 
1665  flavcs.  The  foil  is  rich  and  well  watered. 
— Morse. 

ABBREVIATION  of  fractions,  in  arithmetic 
and  algebra,  is  the  reducing  of  them  to  lower  terms  ; 
which  is  done  by  dividing  the  numerator  and  denomi- 
nator bj.,  ome  number  or  quantity  which  will  divide 
both  wj-  Mut  leaving  a remainder  of  either. 

ABERRATION,  in  optics  (in  Encych),  refers  the 
reader  to  the  article  Optics,  n®  17,  136,  173.  It 
fliould  have  referred  him  to  Optics,  n°  17,  and  251 
— 256. 

Aberration  of  the  Vifual  Ray,  is  a phenomenon,  of 
which,  though  fome  account  of  it  has  been  given  in  the 
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Encyclopaedia  (fee  Aberration,  in  aflronomy  ; and  Aberration, 
the  article  Astronomy,  n°  337.),  one  of  the  mo  ft  can- 
did  of  our  correfpondents  requires  a fuller  explanation. 

If  fuch  an  explanation  be  requifite  to  him,  it  mu  ft  be 
much  more  fo  to  many  others;  and  we  know  not 
where  to  find,  or  how  to  devife,  one  which  would  be 
more  fatisfadfory,  or  more  familiar,  than  the  following 
by  Dr.  Hutton. 

“ This  effedt  (fays  he)  may  be  explained  and  fami- 
liarized by  the  motion  of  a line  parallel  to  itfelf,  much 
after  the  manner  that  the  compofition  and  refolution  of 
forces  are  explained.  If  light  have  a progreffive  mo- 
tion, let  the  proportion  of  its  velocity  to  that  of  the 
earth  in  her  orbit  be  as  the  line  BC  to  the  line  AC ; Plate  II. 
then,  by  the  compofition  of  thefetwo  motions,  the  par-  fig-  i- 
tide  of  light  will  feem  to  defcribe  the  line  BA  or  DC, 
inftead  of  its  real  courfe  BC  ; and  will  appear  in  the 
diredlion  AB  or  CD,  inftead  of  its  true  diredlion  CB. 

So  that  if  AB  reprefent  a tube,  carried  with  a parallel 
motion  by  an  obferver  along  the  line  AC,  in  the  time 
that  a particle  of  light  would  move  over  the  fpace  BC, 
the  different  places  of  the  tube  being  AB,  ah,  cd,  CD  ; 
and  when  the  eye,  or  end  of  the  tube,  is  at  A,  let  a 
particle  of  light  enter  the  other  end  at  B ; then  when 
the  tube  is  ata^,  the  particle  of  light  will  be  at  e,  exadtly 
in  the  axis  of  the  tube  ; and  when  the  tube  is  at  cd,  the 
particle  of  light  will  arrive  at  f,  ftill  in  the  axis  of  the 
tube ; and,  laftly,  when  the  tube  arrives  at  CD,  the 
particle  of  light  will  arrive  at  the  eye  or  point  C,  and 
confequently  will  appear  to  come  in  the  diredtion  DC 
of  the  tube,  inftead  of  the  true  diredtion  BC  : and  fo 
on,  one  particle  fucceeding  another,  and  forming  a con- 
tinued ftream  or  ray  of  light  in  the  apparent  diredlion 
DC.  So  that  the  apparent  angle  made  by  the  ray  of 
light  with  the  line  AE  is  the  angle  DCE,  inftead  of 
the  true  angle  BCE  ; and  the  difference  BCD,  or 
ABC,  is  the  quantity  of  the  aberration.” 

Aberration  of  the  Planets,  is  equal  to  their  geocen- 
tric motion,  or,  in  other  words,  to  the  fpace  which  each 
appears  to  move  as  feen  from  the  earth,  during  the  time 
that  light  employs  in  paffing  from  the  planet  to  the  eye 
of  the  obferver.  I'hus  the  fun’s  aberration  in  longi- 
tude is  conftantly  20”,  that  being  the  fpace  adlually 
moved  by  the  earth  ; but  apparently  by  the  fun  in  8 
minutes  and  7 feconds,  the  time  in  which  light  paffes 
from  the  fun  to  the  earth.  If  then  the  diftance  of  any 
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Abingdon  planet  from  the  earth  be  known,  the  time  which  light 
II  employs  in  paffing  from  the  planet  to  the  earth  muft 
Abforption  be  known  ; for  as  the  diftance  of  the  fun  is  to 

the  dillance  of  the  planet,  fois  8 minutes  and  7 feconds 
to  that  time  ; and  the  planet’s  geocentric  motion  in 
that  time  is  its  aberration,  whether  it  be  in  longitude, 
latitude,  right  afcenhon,  or  declination.  See  Astro- 
nomy in  this  Supplement. 

ABINGDON,  a town  at  the  head  of  the  tide 
waters  of  BuHi  river,  Harford  county,  Maryland; 
12  miles  S.  W.  from  Havre-de-Grace,  and  20  N.  E. 
from  Baltimore. — Cokefbury  College,  inftituted  by  the 
Methodifts,  in  1785,  is  in  this  town. — Morse. 

Abingdon,  the  chief  town  of  Wafhington  coun- 
ty, Virginia,  contained  but  about  20  houfes  in 
1788,  in  1796  upwards  of  150.  It  is  about  145 
miles  from  Campbell’s  ftaiion,  near  Holfton ; 260 
from  Richmond,  in  Virginia,  in  a direct  line,  and  310 
as  the  road  runs,  bearing  a little  to  the  S.  of  W.  Lat. 
36.  30.  N.  The  air  is  pure  and  falubrious,  with  plenty 
of  excellent  water. — ib, 

ABINGTON,  a townfhip  in  Plymouth  county,  Maf- 
fachnfetts ; 22  miles  fouth  eafterly  from  Bodon,  and 
contains  1453  inhabitants. — ib. 

Abington,  a pariili  in  the  town  of  Pom  fret,  in 
Conneifticut. — ib. 

Abington,  a village  in  Pennfylvania,  12  miles 
N.  of  Philadelphia. — ib. 

ABIPONES,  an  Indian  nation  in  Paraguay,  S. 
America. — ib. 

ABITIBBI,  a fmall  lake  in  Upper  Canada  ; on 
the  S.  fide  of  which  is  a fettlement  called  Frederick, 
which  laft  lies  in  N.  lat.  49.  W.  long.  79.  40.  Alio 
the  name  of  a river  which  runs  N.  and  joins  Moofe 
river,  near  its  mouth  at  James’s  bay. — ib. 

ABH  IBIS,  a lake  N.  of  Nipiffing  lake,  the  N.  E. 
boundary  of  Canada,  in  New  South  Wales  ; it  has 
communication  with  James’s  bay,  near  Moofe  Fort. 
N.  lat.  59.  3.  W.  long.  78.  5. — ib. 

ABOAB,  cdfes  levied,  in  India,  under  different 
denominacicms,  beyond  the  flandard  rent. 

ABSCISS,  AbscioSE,  or  Ahfcijfa,  is  a part  cut  off 
from  a flraight  line,  and  terminated  at  feme  certain 
point  by  an  ordinate  to  a curve  ; as  AP  (fig.  2.),  or 
Plate  II.  BP  (fig.  3.)  The  ahfeifs  may  commence  either  at  the 
veite.x  of  the  curve,  or  at  any  other  fixed  point  ; and 
it  may  be  taken  either  upon  the  axis  or  upon  the  dia- 
meter of  the  curve,  or  upon  any  other  line  drawn  in  a 
given  pefuion.  Hence  there  are  on  the  lame  given  line 
or  diameter  an  infinite  number  of  variable  abfeiffes,  ter- 
minated all  at  one  end  by  the  fame  fixed  point.  In 
the  common  parabola  (fig.  4.),  each  ordinate  PQ_  has 
but  one  ab;cifs  AP.  In  the  eiipfe  or  circle  (fig.  2.), 
the  ordinate  has  two  abrcilfes  lying  on  the  oppofue  fides 
rf  it.  In  general,  to  each  ordinate  a line  of  the  fecond 
kind,  or  a curve  of  the  firif  kind,  may  have  two  abfeif- 
fes  ; a line  of  the  third  order,  three  ; aline  of  the  fourth 
order,  four  ; and  fo  on. 

ABSECON  Beach,  on  the  coaft  of  New-Jerfey,  16 
miles  S.  W.  from  Little  Egg  Harbor. — Morse. 

ABSORPTION,  in  AwAroMY  and  Physiology, 
has  been  fufficiently  explained  under  thefe  articles  in 
the  Encyclopjedia  ; but  there  is  another  abforbing  power 
pofTeffed  by  different  fubltances,  which  is  worthy  of  at- 
tention, bscaufe  it  is  only  by  our  knowledge  of  it  that 
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we  can  adapt  our  clothing  to  the  various  climates  of  the  Abfurdur* 
earth.  The  power  to  wdiich  we  allude  is  that  of  differ-  II 
ent  fubftances : fuch  as  wool,  cotton,  filk,  and  linen,  ^^elerat- 
to  abforb  or  attract  moiftiire  from  the  aimofphere.  On 
this  fubjed  the  reader  will  find  feme  very  inPtrudtive  ex- 
periments detailed  (in  EncycL),  where  perhaps  he  may 
not  have  looked  for  them,  under  the  tide  Flanel. 

ABSURDUM,  a term  made  ufe  of  by  mathemati- 
cians when  they  demonftrate  any  truth,  by  fhovving 
that  its  contrary  is  impoffible,  or  involves  an  abfurdity. 

Thus,  Euclid  demonftrates  the  truth  of  the  fourth  pro- 
pofition  of  the  firfl:  book  of  his  Elements,  by  fhowing 
that  its  contrary  implies  this  obvious  abfurdity — “ that 
two  flraight  lines  may  inclofe  a fpace.” 

This  mode  of  demonflration  is  called  reduBio  ad  ah- 
furdum,  and  is  every  whit  as  conclufive  as  the  diredf  me- 
thod ; becaufe  the  contrary  of  every  falfehood  muff  be 
truth,  and  of  every  truth,  falfehood. 

The  young  geometrician,  however,  does  not,  we  be- 
lieve,  feel  himlelf  fo  perfeftly  fatisfied  with  a demon- 
ftration  of  this  kind,  as  with  thofe  which,  proceeding 
from  a few  felf-evident  truths,  condiia-  him  diredly, 
by  neceffary  confequences,  to  the  truth  of  the  propofi- 
tron  to  be  proved.  The  reaftm  is,  that  he  has  not  yet 
learned  to  diftinguilh  accurately  between  the  words 
falfe  and  impojfille,  different  and  contrary.  Many  differ- 
ent affertions  may  be  made  relating  to  the  fame  thing, 
and  yet  be  all  true  or  all  falfe  ; but  it  is  impoffible  to 
make  two  affertions  direiflly  contrary  to  each  other,  of 
which  the  one  ffiall  not  be  true  and  the  other  falfe. 

Thus,  “fnow  is  white,”  “ fnow  is  cold,”  are  different 
affertions  relating  to  the  fame  thing,  and  both  true ; as, 

“ fnow  is  black,”  “ fnow  is  red,”  are  both  falfe  : but 
let  it  be  remembered,  that  of  the  firft  and  fecond,  and 
of  the  third  and  fourth  of  thefe  affertions,  neither  isdi- 
redUy  contrary  to  the  other  ; nor  is  any  one  of  them, 
abflraaly  confidered,  impoffible,  or  fuch  as  a blind  man, 
who  had  never  felt  nor  heard  cf  fnow,  might  not  believe 
upon  ordinary  teftimony.  But  were  all  the  men  in 
Europe  to  tell  a native  of  the  interior  parts  cf  Africa 
tliat  fnow  is  a thing  at  once  'while  and  not  white,  cold  and 
not  cold,  the  woolly-headed  favage  would  know  as  well 
as  the  nioft  fagacious  philofopher,  that  of  contrary 
affertions  the  one  mujl  be  true  and  the  other  mnjl:  be  falfe. 

Jull  lb  it  is  with  rel'pecl  to  Euclid’s  fourth  propoiition. 

Had  he  proved  its  truth  by  fhovving  that  its  contrary 
involves  this  propofition,  that  “ the  diagonal  of  a fquare 
is  commenfurate  with  its  fide,”  the  fkilful  geometrician 
would  indeed  have  admitted  the  demnnfiration,  becaufe 
he  knows  well  that  the  diagonal  of  a fquare  is  not  com- 
menfurate with  its  fide  ; but  the  tyro  In  geometry 
would  have  been  no  wifer  than  before.  He  knew  from 
the  beginning,  that  the  propofition  and  its  contrary 
cannot  both  be  tine  ; but  which  of  them  is  true,  and 
which  falfe,  fuch  a demonflration  could  not  have  taught 
him,  becaufe  he  is  ignorant  of  the  incommenfurabllity 
of  the  diagorlal  and  liue  of  a fquare.  No  man,  however, 
is  ignorant,^ that  two  firaight  lines  cannot  Inclofe  a fpace ; 
and  fince  Euclid  Ihows  that  the  contrary  of  his  propo- 
filion  implies  this  ablurdity,  no  man  cf  common  fenfe 
can  entertain  a doubt  but  that  the  propofition  itfelf 
muft  be  true. 

ACCELERATED  motion. 7 See  (Encycl.)  Ac- 
ACCELERATING  force.  J celeration  ; and 

Mechanics, 
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Mechanics,  Se6i.  VI. — and  (this  Supplement)  Dy- 
namics. 

ACCOMACK  County,  in  Virginia,  is  fituated  on  a 
peninfula,  bounded  N.  by  Maryland,  E.  by  the  ocean, 
and  on  the  W.  by  Chefapeak  bay,  and  contains  13,959 
inhabitants,  including  4262  Haves. — Morse. 

ACQUAC KNACK,  or  Acquakinunk,  a tow’n  on 
the  W.  lide  of  Pafi'aic  river,  in  Eifex  county,  New- 
Jerfey,  10  miles  N.  of  Newark,  and  17  N.  W.  from 
New- York. — tb. 

ACTION  is  a term  which  has  been  fufficiently  ex- 
plained in  the  Encyclopaedia  ; butfmee  that  article  was 
written,  qneftions  have  been  agitated  refpedling  agents, 
agency,  -ax-A  aUion,  which,  as  they  have  employed  fome 
of  the  moll  eminent  philofophers  of  the  age,  and  are 
connected  with  the  deareft  interefls  of  man,  are  certain- 
ly entitled  to  notice  in  this  place. 

It  is  the  opinion  of  Dr.  Reid,  and  we  have  adopted 
it  (fee  Metaphysics,  n°  109,  £cc.  Encycl.),  that  no 
being  can  be  an  agent,  or  perlorm  an  a£iion,  in  the  pro- 
per I'enfe  of  the  word,  wdiich  does  not  polfefs,  in  fome 
degree,  the  powers  of  will  and  underftanding.  If  this 
opinion^be  juft,  it  is  obvious,  that  w'hat  are  called  the 
pow’ers  of  nature,  fuch  as  imputfe,  attraEiion,  repuljion, 
elajlicity,  &c.  are  not,  ftridlly  fpeaking,  ponuers  or  caufes, 
but  the  effedls  of  the  agency  of  fome  adive  and  intelli- 
gent being  ; and  that  phyfical  caufes,  to  make  ufe  of 
common  language,  are  nothing  more  than  lanvs  or  rules, 
according  to  which  the  agent  produces  the  effect. 

This  doftrine  has  been  controverted  by  a WTiter 
whofe  acutenefs  is  equalled  only  by  his  virtues  ; and  we 
fhall  confider  fome  of  his  objeeftions  to  it  in  another 
place  (fee  Cause)  : but  a queftion  of  a different  kind 
falls  under  our  prefent  confideration  ; and  perhaps  the 
anfwer  w'hich  we  muft  give  to  it,  may  go  far  to  remove 
the  objedions  to  which  we  allude. 

Can  an  agent  operate  where,  either  by  itfelf  or  by 
an  inftrument,  it  is  not  prefent  ? We  think  not  ; be- 
caufe  agency,  or  the  exertion  of  pow'er,  muft  be  the 
agency  of  fomething.  The  conftitution  of  the  human 
mind  compels  us  to  attribute  every  adion  to  fome  be- 
ing ; but  if  a being  could  ad  in  one  place  from  which  it 
is  abfent,  it  might  do  the  fame  in  a fecond,  in  a third, 
and  in  all  places  ; and  thus  we  fliould  have  adion  with- 
out an  agent  : for  to  be  abfent  from  all  places  is  a phrafe 
of  the  fame  import  as  not  to  exift.  But  if  a living  and 
intelligent  being  cannot  ad  but  where  it  is  either  im- 
mediately or  inftrumentally  prefent,  much  lefs  furely  can 
we  attribute  events  of  any  kind  to  the  agency  of  an  ab- 
fent and  inanimated  body.  Yet  it  has  been  faid,  that 
“ we  have  every  reafon,  which  the  nature  of  the  fubjed 
and  of  our  own  faculties  can  admit  of,  to  believe,  that 
there  aie  among  things  inanimate  fuch  relations,  that 
they  may  be  mutually  caufes  or  principles  of  change  to 
one  another,  without  any  exertion  of  pooxter,  or  any 
operation  of  an  agent,  ftridly  fo  called.  Such  relations, 
for  aught  that  we  know,  may  take  place  among  bodies 
at  great  diftances  from  one  another,  as  well  as  among 
bodies  really  or  feemingly  in  adual  contad ; and  they 
may  vary  both  in  degree  and  in  kind,  according  to  the 
diftances  between  the  bodies.” 

That  any  thing  fhould  be  a caufe  or  principle  of 
change  to  another,  without  the  exertion  of  ponxer  or  the 
operation  of  an  agent,  appears  to  us  a palpable  contra- 
didion  ; and  we  could  as  eafily  conceive  any  two  fides 
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of  a triangle  to  be  not  greater  than  the  third  fide,  as  re- 
concile fuch  a propofuiun  to  that  faculty  of  oar  minds 
by  which  we  diftinguifh  truth  from  falfehood.  When 
we  fee  one  body  the  apparent  caufe  of  change  In  ano- 
ther  body,  we  cannot  poffibly  entertain  a doubt  of  the 
exertion  of  power;  but  whether  that  power  be  in  the 
body  apparently  producing  the  change,  or  in  a diftind 
agent,  is  a queftion  to  which  an  anfv.?er  will  not  fo  readi- 
ly be  found.  That  it  is  in  a diftind  agent,  we  are  ftreng- 
ly  inclined  to  believe,  not  only  by  the  received  dodrine 
concerning  the  inertia  of  matter,  v/hich,  though  it  has 
been  frequently  controverted,  we  have  never  feen  diff 
proved,  but  much  more  by  confidering  the  import  of 
an  obfervation  frequently  introduced  to  prove  thedired 
contrary  of  our  belief.  “ We  cannot  be  charged  (favs 
the  w’riter  whom  we  have  juft  quoted)  with  maintain- 
ing the  abfurdity,  that  there  may  be  an  effed  without 
a caufe,  W'hen  we  refer  the  fall  of  a ftone  to  the  ground, 
and  the  ebbing  and  flowing  of  the  fea,  to  the  hfiuetice 
of  the  earth  on  the  ftone,  and  of  the  fun  and  moon  on 
the  ocean,  according  to  the  principle  of  general  gravita- 
tion.” 

We  admit  the  truth  of  this  ob.ft:rvation,  provided  the 
influence  of  the  fun  and  moon  on  the  ocean  be  poffible  ; 
but,  to  us  at  lead,  it  appears  impoffible,  and  is  certain- 
ly inconceiveable.  The  infuence  of  the  fun  and  moon 
can  here  mean  nothing  but  the  aSion  or  operation  of  the 
fun  and  moon  ; but  if  thefe  two  bodies  be  inanimate, 
they  cannot  aEl  at  all,  in  the  proper  .ffnfe  of  the  word  ; 
and  whatever  they  be,  it  is  obvious  that  they  cannot 
ad  immediately  on  an  objed  at  fuch  a diftance  from  them 
as  the  earth  and  the  ocean.  If  they  be  the  agents,  they 
muft  operate  by  an  inftrument,  as  we  do  when  moving 
objeds  to  which  our  hand.s  cannot  reach  ; but  as  it  has 
been  fliewn  elfewhere  (fee  Metaphysics,  n®  199.  and 
Optics,  n®  63.  Encycl.),  that  neither  air,  nor  schcr, 
not  any  other  material  inftrument  which  has  yet  been 
thought  of,  is  fufficient  to  account  for  the  phenomena 
of  attradion  and  repulfion,  it  is  furely  much  more  ra- 
tional to  conclude,  that  the  ebbing  and  flowing  of  the 
fea  are  produced,  not  by  the  influence  of  the  fun  and 
moon,  but  by  the  power  of  fome  diftind  agent  or 
agents. 

What  thofe  agents  are,  we  pretend  not  to  fay.  If 
the  Supreme  Being  himfelf  be  the  immediate  author  of 
every  change  which  takes  place  in  the  corporeal  world, 
it  is  obvious  that  he  ads  by  fixed  rules,  of  which  many 
are  apparent  to  the  moft  heedlefs  obferver,  whilft  the 
difeovery  of  others  is  refervod  for  the  reward  of  the  ju- 
dicious application  of  the  faculties  which  he  has  given 
us.  If  he  employs  inferior  agents  to  carry  on  the  great 
operations  of  nature,  it  is  furely  not  difficult  to  con- 
ceive that  the  powers  of  thofe  agents  which  were  de- 
rived from  him,  may  by  him  be  reftralned  within  cer- 
tain limits,  and  their  exercife  regulated  by  determined 
laws,  in  fuch  a manner  as  to  make  them  produce  the 
greateft  benefit  to  the  whole  creation.  Nor  let  it  be 
thought  an  objedion  to  this  theory,  that  the  changes 
which  take  place  among  bodies  at  great  diftances  from 
each  other,  vary  both  in  degree  and  in  kind  according 
to  the  diftances  ; for  this  variation,  which  we  acknow'- 
ledge  to  be  a fad,  appears  to  us  wholly  unaccountable 
upon  any  other  hypothefis  than  that  which  attributes 
the  different  changes  to  agents  diftind  from  tlie  bodies 
themfelves.  Did  we  perceive  all  the  particles  of  mat- 
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AAio*  ter,  at  all  didances,  tending  towards  each  other  by  a 
II  fixed  law,  we  might  be  led  to  confider  mutual  attrac- 
„ - . an  effential  property  of  that  fubftance,  and  think 

no  more  of  inquiring  into  its  caufe,  than  we  think  of 
inquiring  into  the  caufe  of  extenfion.  But  when  we 
find  that  the  fame  particles,  which  at  one  diftance  feem 
to  attrad  each  other,  are  at  a different  dillance  kept 
afunder  by  a power  of  repulfion,  which  no  force,  wnth 
which  we  are  acquainted,  is  able  to  overcome,  we  can- 
not attribute  the  principle  or  caufe  of  thefe  changes  to 
brute  matter,  but  muff  refer  it  to  fome  other  agent  ex- 
erting power  according  to  a fixed  law% 

It  is  the  fafhion  at  prefent  to  defpife  all  metaphyfi- 
cal  inquiries  as  abftrufe  and  ufelefs  ; and  on  this  account 
we  doubt  not  but  fome  of  our  readers  will  turn  away 
from  this  difquifition  with  affeded  difguft,  whilll  the 
petulant  and  unthinking  chemilt,  proud  of  pofiefling  the 
fecrets  of  his  fcience,  will  deem  itfuperfluous  to  inquire 
after  any  other  natural  agents  than  thofe  of  which  he 
has  been  accuftomed  to  talk.  But  with  the  utmolt  re- 
fpedt  for  the  difeoveries  made  by  modern  chemifts, 
which  we  acknowledge  to  be  both  numerous  and  im- 
portant, we  beg  leave  to  obferve,  that  though  thefe 
gentlemen  have  brought  to  light  many  events  and  ope- 
rations of  nature  formerly  unknown,  and  have  fhown 
that  thofe  operations  are  carried  on  by  eftablilhed  laws, 
none  of  them  can  fay  with  certainty  that  he  has  difeo- 
vered  a fingle  agent.  The  moft  enlightened  of  them 
indeed  pretend  not  to  have  difeovered  in  one  depart- 
ment of  fcience  more  than  Newton  difeovered  in  ano- 
ther ; for  they  w'ell  know  that  agents  and  agency  can- 
not be  fubjedted  to  any  kind  of  phyfical  experiments. 
Our  very  notions  of  thefe  things  are  derived  wholly 
from  our  own  confeioufnefs  and  refledlion ; and  when 
it  is  confidered  what  dreadful  confequences  have  in  an- 
other country  refulted  from  that  pretended  philnfophy 
which  excludes  the  agency  of  mind  from  the  univerfe, 
it  is  furely  time  to  inquire  whether  our  confeioufnefs 
and  refleclion  do  not  lead  us  to  refer  real  agency  to 
mind  alone.  Let  this  be  our  apology  both  to  the  real 
and  to  the  affected  enemies  of  metaphyfics  for  endea- 
vouring to  draw  their  attention  to  the  prefent  queftion. 

It  is  a queftion  of  the  utmoft  importance,  as  well  to 
fcience  as  to  religion  , and  if  the  laws  of  human  thought 
decide  it,  as  we  have  endeavoured  to  fhow  that  they  do, 
we  may  without  hefitatlon  affirm,  that  the  impious  phi- 
lofophy  of  France  can  never  gain  ground  but  among 
men  incapable  of  patient  thinking. 

ACTON,  a townfhip  in  Middlefex  county,  Mafta- 
chufetts,  containing  853  inhabitants;  24  miles  N.  W. 
of  Bofton. — Morse. 

ACWORTH,  a townfhip  in  Chefnire  county,  New- 
Hampfhire,  incorporated  in  1766,  and  contains  704 
inhabitants  ; 8 miles  E.  by  N.  from  Charleftown,  and 
73  N.  W.  by  W.  from  Portfmouth. — ih. 

ADAMAS,  a name  given,  in  aftrology,  to  the 
moon, 

ADAMS,  a townfhip  In  Berkfhire  county,  Mafta- 
chufetts,  containing  2040  inhabitants,  is  about  140 
miles  N.  W.  of  Bofton.  In  the  northern  part  of  this 
town,  is  a great  natural  curiofity,  A pretty  mill 
ftream,  called  Hudfon’s  Brook,  which  rifes  in  Ver- 
mont, and  falls  into  the  north  branch  of  Hoofuck 
river,  has,  for  30  or  40  rods,  formed  a very  deep 
channel,  in  feme  places  60  feet  deep,  through  a quar- 
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ry  of  white  marble.  . Over  this  channel,  where  deepeft,  Addifoii 
fome  of  the  rocks  remain,  and  form  a natural  bridge.  II 
From  the  top  of  this  bridge  to  the  water,  is  62  feet ; 
its  length  is  about  12  or  15,  and  its  breadth  about  10. 

Partly  under  this  bridge,  and  about  10  or  12  feet  be- 
low it,  is  another,  which  is  wider,  but  not  fo  long  ; 
for  at  the  eaft  end  they  form  one  body  of  rock,  12  or 
14  feet  thick,  and  under  this  the  water  flows.  The 
rocks  here  are  moftly  white,  and  in  other  places  cloud- 
ed, like  the  coarfe  marble  common  at  Lanefborough, 
and  in  other  towns  In  Berkfliire  county. — Morse. 

ADDISON  County,  in  Vermont,  is  on  the  eaft  fide 
of  Lake  Champlain,  and  is  divided  nearly  into  equal 
parts  by  Otter  creek ; has  Chittenden  county  on  the 
N.  and  Rutland  county  on  the  S.  and  contains  6449 
inhabitants,  difperfed  in  21  townflilps.  It  is  about  30 
miles  by  27  : a range  of  the  green  mountains  paiTes 
through  it.  Chief  town  Middlebury,  granted  Nov. 

1761 . — ih. 

ADSON’s  Town,  lies  near  the  N.  E.  line  of  New- 
Jerfey,  and  S.  E.  of  the  Drowned  Lands;  27  miles 
N.  of  Morriftown,  and  24  N.  W.  of  Patterfon. — 
ih. 

jEOLUS,  in  mechanics,  a fmall  machine  invented 
by  Mr.  Tidd  for  refrefhing  or  changing  the  air  in  rooms 
when  it  becomes  too  hot  or  otherwife  unfit  for  refpira- 
tion.  The  seolus  is  fo  contrived  as  to  fupply  the  place 
of  a fquare  of  glafs  in  the  window,  where  It  works, 
with  very  little  noife,  like  the  fails  of  a wind-mill  or  a 
fmoke-jack. 

AEROLOGY  is  a branch  of  fcience  which  was  de- 
tailed in  the  Encyclopaedia  at  fufficient  length,  and  ac- 
cording to  the  principles  which  were  then  generally  ad- 
mitted by  chemifts.  Subfequent  experiments,  however, 
have  flrown,  that  fome  of  thofe  principles  are  erroneous, 
and  of  courfc  that  fome  of  the  opinions  advanced  in  the 
article  Aerology  are  inconfiftent  with  fa6ts.  Thefe 
opinions  muft  be  correfted  ; but  inftead  of  fwelling  this 
volume  with  a new  article  Aerology,  we  apprehend 
that  it  will  be  more  acceptable  to  our  fcientific  readers 
to  refer  them  for  thofe  corrections  to  the  article  Che- 
mistry in  this  Supplement. 

AFFUERA,  one  of  the  iflands  of  Juan  Fernandes, 
on  the  South  Sea  coaft,  in  the  kingdom  of  Chili. 

Long,  from  the  meridian  of  Callao,  30.  20.  about 
400  leagues  to  the  N.  of  Cape  Horn.  This  coaft 
fwarms  with  fea  lions  and  wolves. — Morse. 

AFGHANS,  are  a people  in  India  who  Inhabit  a 
province  of  Cabul  orCABULisTAN  (fee  Encycl.),  and 
have  always  been  conneded  with  the  kingdoms  of  Per- 
fia  and  Hindoftan.  They  boaft  of  being  defeended  of 
Saul  the  firft  king  of  Ifrael ; of  whofe  advancement  to 
the  royal  dignity  they  give  an  account  which  deviates 
not  very  widely  from  the  truth.  They  fay  indeed,  that 
their  great  anceftor  was  raifed  from  the  rank  of  a fhep- 
herd,  not  for  any  princely  qualities  which  he  poffefled, 
but  becaufe  his  ftature  was  exadlly  equal  to  the  length 
of  a rod  which  the  angel  Gabriel  had  given  to  the  pro- 
phet Samuel  as  the  meafure  of  the  ftature  of  him  whom 
God  had  deftined  to  fill  the  throne  of  Ifrael. 

Saul,  whofe  defeent,  according  to  fome  of  them^ 
was  of  Judah,  and  according  to  others  of  Benjamin, 
had,  they  fay,  two  fons,  Berkia  and  Irmia,  who  ferv- 
ed  David,  and  were  beloved  by  him.  The  fons  of  Ber- 
kia and  Irmia  were  Afghan  and  Usbec,  who,  during 
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Afghans,  the  reigns  of  David  and  Solomon,  diftingulfhed  them- 
felves,  the  one  for  his  corporeal  ftrength,  and  the  other 
for  his  learning.  So  great  indeed  was  the  llrength  of 
Afghan,  that  we  are  told  it  ftruck  terror  even  into  de- 
mons and  genii. 

This  hero  ufed  frequently  to  make  excurfions  to  the 
mountains;  where  his  progeny,  after  his  death,  edablifh- 
ed  themfelves,  lived  in  a Itate  of  independence,  built 
forts,  and  exterminated  infidels.  When  the  feled  of 
creatures  (the  appellation  which  this  people  give  to 
Mahomet)  appeared  upon  earth,  his  fame  reached  the 
Afghan!,  who  fought  him  in  multitudes  under  their 
leaders  Khalid  2L'a3L  Abdul  Rejpid,  fons  of  IValid;  and 
the  prophet  honouring  them  with  this  reception  — 

Come,  O Muluc,  or  Kings!”  they  afl'umed  the  title 
of  Melic,  which  they  retain  to  this  day. 

The  hillory,  from  which  this  abftraft  is  taken,  gives 
a long  and  uninterefting  detail  of  the  exploits  of  the 
Afgh  ans,  and  of  their  zeal  in  overthrowing  the  temples 
of  idols.  It  boafts  of  the  following  monarchs  of  their 
race  who  have  fat  upon  the  throne  of  Dehit:  Sultan 
Behlole,  Afghan  Lodi,  Sultan  Secander,  Sultan 
Ibrahim,  Shir  Shah,  Islam  Shah,  Adil  Shah 
SuR.  It  alfo  numbers  the  following  kings  of  Gaur 
defcended  of  the  Afghan  chiefs:  Solaiman  Shah  Gur- 
zant,  'Qz'i kziD  Shah,  and  Kutb  Shah;  befides  W'hom, 
their  nation,  we  are  told,  has  produced  many  conquerors 
of  provinces.  The  Afghans  are  fometimes  called  Solai- 
mani,  either  becaufe  they  were  formerly  the  fubjedfs  of 
Solomon  king  of  Ifrael,  or  becaufe  they  inhabit  the 
mountains  of  Solomon.  They  are  likewife  called  Pa- 
tans,  a name  derived  from  the  Hindi  verb  Paitna  “ to 
rulh”  which  was  given  to  them  by  one  of  the  Sultans 
whom  they  ferved,  in  confequence  of  the  alacrity  with 
which  they' had  attacked  and  conquered  his  enemies. 
The  province  w'hich  they  occupy  at  prefent  was  for- 
merly called  Roh  ; and  hence  is  derived  the  name  of  the 
Rohillas.  The  city  w’hich  was  eftabliflied  in  it  by  the 
Afghans  was  called  by  them  Paflsnxier  or  Paijher,  and 
is  now  the  name  of  the  whole  dilfridt.  The  feds  of  the 
Afghans  are  very  numerous ; of  which  the  principal  are, 
Lodi,  Lohouni,  Sur,  Ser’wani,  Tujiifzihi,  Bangifo,  Dlla- 
zaui,  Khetti,  Taftn,  Khail,  and  Beioje.  They  are  Mu- 
fulmans,  partly  of  the  Sunni,  and  partly  of  the  Shiek 
perfuafion. 

Though  they  are  great  boaflers,  as  we  have  feen,  of 
the  antiquity  of  their  origin,  and  the  reputation  of  their 
race,  other  Mufulmans  rejed  their  claim,  and  confider 
them  as  of  modern,  and  even  of  bafe  extradion. 

This  is  probably  a calumny  ; for  it  feems  inconfiftent 
with  their  attention  to  the  purity  of  their  delcent — an 
attention  which  would  hardly  be  paid  by  a people  not 
convinced  of  their  own  antiquity.  They  are  divided 
into  four  claffes.  The  firll;  is  pure  clafs,  confilling 
of  thofe  whofe  fathers  and  mothers  were  Afghans.  The 
fecond  clafs  confifts  of  thofe  whole  fathers  were  Afghans 
and  mothers  of  another  nation.  The  third  dais  con- 
tains thofe  whofe  mothers  were  Afghans  and  fathers  of 
another  nation.  The  fourth  clafs  is  compofed  of  the 
children  of  w'omen  whofe  mothers  were  Afghans  and  fa- 
thers and  huibands  of  a different  nation.  Perfonswhodo 
not  belong  to  one  of  rhefe  claiTes  are  not  called  Afghans. 

This  people  have  at  all  times  diftingulihed  themfelves 
by  their  courage,  both  fir.gly  and  unitedly,  as  princi- 
pals and  auxiliaiies.  Th^y  have  conquered  for  their 


: ] A G A 

own  princes  and  for  foreigners,  and  have  always  been  Afghans 
confidered  as  the  main  ftrength  of  the  army  in  wLich  II 
they  ferved.  As  they  have  been  applauded  for  virtues, 
they  have  alfo  been  reproached  for  vices,  having  fome- 
times  been  guilty  of  treachery,  and  of  afling  the  bafe 
part  even  of  aftafiins. 

Such  is  the  account  of  the  Afghans  publiftied  in  the 
fecond  volume  of  the  Afiatic  Refearches.  It  w^as  tranf- 
lated  from  a Perfian  abridgment  of  a book  written  in 
the  Pulhto  language,  and  called  The  Secrets  of  the  Af- 
ghans, and  communicated  by  Henry  Vanfittart,  Efq  ; to 
Sir  William  Jones,  then  Prefident  of  the  Afiatic  So- 
ciety. Their  claim  to  a defcent  from  Saul  king  of  If- 
rael, whom  they  call  Melic  Talut,  is  probably  of  not 
a very  ancient  date ; for  the  introdudion  of  the  angel 
Gabriel  with  his  rod,  gives  to  the  whole  ftory  the  air 
of  one  of  thofe  many  fidions  wdiich  Mahomet  borrowed 
from  the  later  rabbins.  Sir  William  Jones,  however, 
though  he  furely  gave  no  credit  to  this  fable,  feems  to 
have  had  no  doubt  but  the  Afghans  are  defendants  of 
Ifrael.  “ We  learn  (fays  he)  from  Esdras,  that  the 
ten  tribes,  after  a w'andering  journey,  came  to  a coun- 
try called  Arfareth,  where  we  may  fuppofe  they  fet- 
tled : now  the  Afghans  are  faid  by  the  bell  Perfian  hif- 
torians  to  be  defcended  from  the  fenxis.  They  have 
traditions  among  themfelves  of  fuch  a defcent ; and  it 
is  even  aflerted,  that  their  families  are  diftinguilhed  by 
the  names  of  feavijh  tribes,  although,  fince  their  con- 
verfion  to  Iflam,  they  ftudioufly  conceal  their  origin 
from  all  wdiom  they  admit  not  to  their  fecrets.  The 
Pnfjto  language,  of  w'hich  I have  feen  a didionary,  ha« 
a inanifeft  refemblance  to  the  Chaldaick ; and  a confi- 
derable  diftrid  under  their  dominion  is  called  Hazareh 
or  Hazaret,  w'hich  might  eafily  have  been  changed  into 
the  word  ufed  by  Esdras.  I ftrongly  recommend  an 
inquiry  into  the  literature  and  hiftory  of  the  Afghansi^ 

It  is  to  co-cperate  with  this  accomplifhed  Icholar 
that  w’e  have  inferted  into  our  Work  this  ftiort  account 
of  that  fingular  people  ; and  it  is  w'ith  pleafure  that, 
upon  the  authority  of  Mr  Vanfittart,  we  can  add,  that 
a very  particular  account  of  the  Afghans  has  been  writ- 
ten by  the  late  Hafiz  Rahmat  Khan,  a chief  of  the 
Rohillahs,  from  which  fuch  of  our  re.aders  as  are  orien- 
tal fcholars  may  derive  much  curious  information. 

AGAMENTICUS,  a mountain  of  confiderable 
elevation  in  the  diftrid  of  Maine,  diftant  about  fix 
miles  from  Bald  Head,  and  eight  from  York  harbor. 

Lar.  43.  16.  N.  and  70.  39.  W.  long,  from  Green- 
wich. It  is  a noted  land  mark  for  feamen,  and  is  a 
good  diredory  for  the  entry  of  Pafcataqua  harbor,  as 
it  lies  very  nearly  in  the  fame  meridian  with  it,  and 
with  Pigeon  Hill,  on  Cape  Ann.  The  mountain  is 
covered  with  wood  and  fhrubs,  and  affords  pafture  up 
to  its  fummit,  w'here  there  is  an  enchanting  profped. 

The  cultivated  parts  of  the  country,  efpecially  on  the 
S.  and  S.  W.  appear  as  a beautiful  garden,  interfeded 
by  the  majeftic  river  Pafcataqua,  its  bays  and  branches. 

The  immenfe  ranges  of  mountains  on  the  N.  and  N. 

W.  afford  a fublime  fpedacle  ; and  on  the  fea  fide,  the 
various  indentings  of  the  coaft,  from  Cape  Ann  to 
Cape  Elizabeth,  are  plainly  in  view  in  a clear  day ; 
and  the  Atlantic  ftretches  to  the  E.  as  far  as  the  power 
of  vifion  extends.  At  this  fpct  the  bearings  of  tlia 
following  objeds  were  taken,  wfith  a good  furveying 
inftrument,  Odober  ii,  17S0. 
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Alftead  fides  that  he  ftudied  nothing  more,  it  is  certain  that  at 
II  that  time'  aftronomers  explaine{|  the  motions  of  the 
heavens  by  intricate  and  confufed  hypothefes,  which 
did  no  honour  to  God,  nor  any  wife  anfwered  the  idea 
of  an  able  workman.  So  that,  from  confidering  the 
multitude  of  fpheres  compofing  the  fydem  of  Ptolemy, 
and  thofe  numerous  eccentric  cycles  and  epicycles  with 
which  it  Is  embarraffed,  if  we  fuppofe  Alphonfus  to 
have  faid,  “ that  if  God  had  aflced  his  advice  when  he 
made  the  world,  he  would  have  given  him  better  coun- 
fel,”  the  boldnefs  and  impiety  of  the  cenfure  will  be 
greatly  diminiflied. 

Such  is  the  apology  made  by  Dr  Hutton  for  this 
royal  aftronomer  of  Spain  ; and  we  hope,  for  the  honour 
of  fcience,  that  it  is  well  founded.  Still  it  leaves  Al- 
phonfus guilty  of  great  irreverence  of  language,  which 
is  to  us  wholly  unaccountable,  if  it  be  really  true  that 
he  read  the  Bible  fourteen  times.  We  Jiave  feen  im- 
piety indeed  break  out  lately  from  very  eminent  aftro- 
nomers  of  a neighbouring  nation  ; but  thefe  men  read 
not  the  Bible,  nor  any  thing  elfe,  but  the  dreams  of  the 
eternal  fleepers. 

ALSTEAD,  a townfliip  in  Chefhire  county,  New- 
Hampfhire,  containing  1 1 1 1 inhabitants  ; 8 miles  S. 
from  Charleftown. — Morse. 

ALTERNATE  angles.  See  Geometry  (En- 
cycl.),  Part  I.  35. 

Alternate  Ratio,  or  Proportion,  is  the  ratio  of  the 
one  antecedent  to  the  other,  or  of  one  confequent  to 
the  other,  in  any  proportion,  in  which  the  quantities 
arc  of  the  fame  kind.  So  if  A : B : : C : D, 

then  alternately,  or  by  alternation  A : C : : B : D. 

ALTITUDE,  PARALLAX  of,  is  an  arch  of  a ver- 
tical circle,  by  which  the  true  altitude,  obferved  at  the 
centre  of  the  earth,  exceeds  that  which  is  obferved  on 
the  furface.  See  Parallax  (Encycl.)  and  Astro- 
nomy (Suppl.) 

Altitude  of  the  Nonagefimal,  is  the  altitude  of  the 
90th  degree  of  the  ecliptic,  counted  upon  it  from  where 
it  cuts  the  horizon,  or  of  the  middle  orhighefl  point  of 
it  which  is  above  the  horizon,  at  any  time  ; and  is  equal 
to  the  angle  made  by  the  ecliptic  and  horizon  where 
they  interfefl  at  that  time. 

Altitude  of  the  Cone  of  the  Earth's  or  Moon's  Sha- 
(lonv,  the  height  of  the  fliadow  of  the  body  made  by  the 
fun,  and  meafured  from  the  centre  of  the  body.  To 
find  it  fay,  As  the  tangent  of  the  angle  of  the  fun’s  ap- 
parent femidiameter  is  to  radius  ; fo  is  i to  a fourth 
proportional,  which  will  be  the  height  of  the  fhadow 
in  femidiameters  of  the  body. 

ALUM  is  a fait  fo  ufeful  in  commerce  and  the  arts, 
that  the  knowledge  of  its  component  parts,  and  of  the 
beft  method  of  preparing  it,  muft  be  of  importance.  In 
the  article  Chemistry  (Encycl.),  the  opinions  which 
were  then  held  refpedfing  its  compofition,  and  the  prac- 
tice which  was  generally  followed  in  its  preparation, 
have  been  detailed  at  full  length  ; but  fome  of  thefe 
opinions  have  fince  been  controverted,  and  if  they  be 
erroneous,  it  mull  be  expedient  to  vary  in  fome  degree 
the  mode  of  preparation.  In  particular,  the  opinion 
that  it  is  merely  an  excels  of  acid  which  prevents  the 
formation  of  alum  by  evaporation  of  the  ley,  has  been 
ihown  to  be  falfe  by  Citizen  Vaiiquelin,  who  contends, 
of  courfe,  that  the  addition  of  putrid  urine  to  the  ley  is 
a very  bad  practice. 


This  eminent  chemifi;  had  long  fufpefled,  that  the 
cryftallization  of  alum  is  not  prevented  by  an  excefs 
of  acid,  and  that  pot-afh  is  not  of  ufe  fimply  to  fa- 
turate  this  acid,  but  to  perform  an  office  of  more 
importance.  To  bring  his  fufpicions  to  the  tell  of 
experiment,  he  diffolved  very  pure  Alumine  in  ful- 
phuric  acid  of  equal  purity,  and  evaporated  the  fo~ 
lution  to  drynefs,  for  the  purpofe  of  expelling  the 
fuperabundant  acid.  He  then  redilTolved  the  dry  and 
pulverulent  refidue  in  water,  and  reduced  the  folution 
to  different  degrees  of  fpecilic  gravity,  with  a view  to 
feize  the  point  moft  favourable  to  cryftallization;  but 
with  every  poffible  precaution  he  could  obtain  nothing 
but  a magma  (fee  Magma),  formed  of  faline  plates, 
without  confiftence  or  folidity.  This  folution,  how- 
ever, though  it  conftantly'  refufed  to  afford  cryftallized 
alum  alone,  afforded  it  immediately  by  the  addition  of 
a few  drops  of  the  folution  of  pot-afti ; and  as  he  had 
employed  thefe  two  fubftances  in  the  requifite  propor- 
tion, the  reft  of  the  folution,  to  the  very  end,  afforded 
pure  alum,  without  any  mixture  of  fulphate  of  pot-afti. 

Into  another  portion  of  the  farae  folution  of  pure 
alumine  he  dropped  the  fame  quantity  of  carbonate  of 
foda,  as  he  had  added  of  that  of  pot-afli  to  the  former ; 
but  no  cryftallization  was  formed,  even  by  the  help  of 
evaporation,  nor  did  lime  and  barytes  produce  any  bet- 
ter effect.  But  if  the  common  opinion  that  pot-afh,  in 
the  formation  of  alum,  is  of  ufe  only  to  abftrafl:  the  ex- 
cefs of  acid,  be  true,  foda,  lime,  barytes,  and  all  the  fub- 
ftances v/hich  by  a more  powerful  force  would  take  this 
acid  from  alum,  ought  to  give  the  fame  refult.  Ano- 
ther argument  prefented  itfelf,  which  feemed  deci- 
five : If  the  alkalis,  pot-afh,  and  ammoniac,  do  no- 
thing more  than  unite  to  the  fuperabundant  acid  of  the 
alum,  the  fulphates  of  pot-afh  and  of  ammoniac  ought 
not  to  occafion  any  change  in  pure  alum  in  its  acidula- 
ted ftate  ; whereas  if  thefe  alkalis  enter  as  a confHtuent 
part  into  the  alum,  and  are  neceffary  to  its  exiftence, 
they  ought  to  produce  the  fame  effects  as  pure  pot-afh 
or  ammoniac.  He  therefore  added  to  a third  portion 
of  the  folution  of  fulphate  of  alumine  before-mentioned 
fome  drops  of  the  folution  of  fulphate  of  pot-afh  ; imme- 
diately upon  which  offahedralcryftalsof  alum  were  form- 
ed. The  fulphate  of  ammoniac  prefented  the  fame  effedl. 

This  refult  gave  ftill  greater  confirmation  to  his  firft 
notions,  though  it  did  not  yet  afford  a demonftration 
perfedly  without  objection  ; for  it  might  have  happened 
that  the  two  falts  he  made  ufe  of  might  determine  the 
cryftallization  of  the  alum,  fimply  by  abforbing  the  fu- 
peifluous  acid,  of  which  they  are  very  greedy  ; but  to 
determine  this  polTible  faff,  he  mixed  in  the  uncryftalli- 
zable  folution  of  alumine  fome  fulphate  of  pot-afii  w'illi 
excefs  of  acid,  and  obtained  a cryftallization  no  lefs 
abundant  than  with  the  neutral  fulphate  of  pot-afti. 

This  laft  experiment  leaves  therefore  no  doubt  W'ith 
regard  to  the  influence  and  mode  of  affion  of  pot-afh 
and  ammoniac  in  the  fabrication  of  alum  ; and  this  ac- 
tion is  ftill  more  ftrongly  confirmed  by  the  examination 
of  the  alums  wdiich  have  been  formed  by  the  proceffes 
above  related  ; for  in  this  manner  it  is  proved  that  they 
contain  confiderable  quantities  of  the  fulphates  of  pot- 
afh  and  ammoniac. 

Thefe  experiments  led  M.  Vauquelin  to  an  examina- 
tion of  the  different  alums  of  commerce,  of  which  he 
found  not  one  that  did  not  afford  fulphate  of  pot-afh, 


Alum. 
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Alum,  or  of  ammoniac,  or  of  both.  His  methods  of  analyfis 
are  very  accurate  ; but  to  detail  them  at  length  would 
fwell  this  article  to  little  purpofe.  To  fuch  of  our 
readers  as  are  not  chemllls  they  would  hardly  be  intel- 
ligible ; and  the  experienced  chemift  will  devife  methods 
of  analyfis  for  himdelf.  It  may  be  proper,  however,  to 
obferve,  thatM.  Vauquelin  proved,  to  his  own  fatisfac- 
tion,  that  the  fulphate  of  pot-alh,  or  of  ammoniac,  is 
recdfary  to  render  alum  capable  of  being  precipitated 
by  its  earth,  or  to  caufe  it  to  pafs,  as  it  were,  to  the 
earthy  ftate(  &).  He  proved  likewife,  that  fuch  aluminous 
waters  as  do  not  contain  put-a(b,  may  remain,  as  long  as 
may  be  defiredr,  on  their  materials,  without  being  fatu- 
rated  with  too  great  a quantity  cf  earth,  or  fuifering 
alum  to  precipitate. 

From  the  whole  of  his  experiments  our  author  drew 
the  following  conclufions,  which  he  confiders  as  of  im- 
portance to  the  arts,  to  chemiftry,  and  to  natural  hi- 
ftory. 

1.  It  is  not,  at  lead  in  the  greated  number  of  circum- 
ftances,  the  excefs  of  acid  which  impedes  the  cryftalli- 
laiicn  of,  alum,  but  it  is  the  want  of  pot-alh  or  am- 
moniac : For  it  is  difficult  to  imagine  that  the  ful- 
phutic  acid  could  remain  difengaged  after  fo  long  re- 
maining upon  aluinine  in  a date  of  extreme  divifion,  and 
always  luperabundant.  It  is  true  that  the  aluminous 
waters  redden  the  vegetable  timdures  ; but  this  property 
is  not  ovving  to  a difengaged  acid.  This  portion  of 
acid  is  a condituent  part  of  thefe  winters  ; and  it  appears 
to  have  more  affinity  with  the  neutral  iulphate  of  alii- 
mine  than  with  a new  quantity  of  this  earth  at  the  tem- 
perature of  the  atrnofphere. 

2.  The  fulphate  ot  pot-afn  may  be  ufed,  as  well  as 
pure  pot-afli,  to  caufe  the  cryltallization  of  alum.  It 
even  has  the  advantage  over  the  latter  fait,  becaule  if 
the  aluminous  waters  do  not  really  contain  a difengaged 
acid,  the  pot-alh,  in  its  combination,  will  precipitate  a 
portion  of  alumine,  and  diminillr  the  product  of  the 
boiling ; whereas  the  fulphate  of  pot-affi  does  not  pro- 
duce the  fame  effeft ; but  if  the  lixiviums  contain  dif- 
cngaged  acid,  which  mud  very  feldom  be  the  cafe,  it  is 
not  converted  into  alum  by  the  fulphate  of  pot-alh,  and 
is  lod  with  regard  to  the  produdf.  Our  author  there- 
fore is  of  opinion,  that  when  the  waters  really  contain 
an  excefs  of  acid,  or  a very  oxided  fulphate  of  iron,  the 
ufe  of  pot-afh  is  preferable  to  that  of  the  fulphate 
of  pot-alli.  But  when  economy  is  an  objedt,  that  in 
many  places  it  would  be  profitable  to  ufe  the  fulphate 
of  pot-alh  ; becaufe  it  is  a fait  indiredlly  produced  in 
many  manufadlories,  where  of  courfe  it  may  be  obtained 
for  nothing.  In  particular,  the  refidues  of  the  didil- 
lation  of  aquafortis  by  the  fulphuric  acid  would  be  ex- 
cellent for  this  operation,  and  much  preferable  to  putrid 
urine,  becaufe  this  fluid  always  contains phofphoric  falls, 
which  decompofe  a portion  of  the  fulphate  of  alumine, 
and  confiderably  diminilh  the  produdf. 

3.  Alumine  cannot  be  ufed  in  the  treatment  of  mo- 
ther waters,  as  Bergman  propofes.  This  earth  is  in- 
capable of  favouring  the  crydallizatlon  of  alum,  befides 
which,  it  decompnles  a portion  of  alum  by  the  alud- 
ance  of  ebullition ; in  which  circumdance  it  feizes  the 


acid  necelTary  to  its  folution,  and  precipitates  it  in  the 
form  of  that  powder  which  is  called  alum  faturated 
with  its  earth. 

4.  Many  alum  ores  mud  naturally  contain  pot  aflt, 
becaufe  perfedt  alum  is  often  obtained  from  the  lird 
crydallization  of  new  alum  waters  without  the  addition 
of  this  alkali.  It  is  true  that  an  objedlion  may  be  made 
with  regard  to  the  wood  ufed  in  calcining  thefe  ores, 
which  may  be  fuppofcd  to  have  furnifhed  the  alkali  ; 
but  it  is  not  probable  that  the  fmall  quantity  of  wood 
employed.  In  comparifon  to  the  quantity  of  ore  and  the 
alum  it  affords,  could  fupply  enough  of  pot-aHi  for  the 
crydallization. 

5.  All  the  earths  and  dones  which  have  given,  or 
lhall  hereafter  afford,  by  analyfis  wdththe  fulpliuric  acid, 
perfedt  alum  without  addition  of  pot-afh,  mud  contain 
this  alkali  naturally.  For  it  Is  well  proved,  that  alum 
cannot  exid  without  pot-afh  or  ammoniac  ; and  as  there 
is  little  probability  that  this  lad  fhould  be  found  com- 
bined in  earths  or  dones,  unlefs  perhaps  in  very  rare 
cafes,  we  may  almod  condantly  be  afl'ured,  when  alum 
is  obtained  from  any  of  thefe  fubdances,  that  Its  forma- 
tion was  effedled  by  pot-afh.  The  quantity  of  alum 
will  immediately  fliovv  in  wdaat  proportion  this  alkali  ex- 
ided  in  the  fubllances  analyfed. 

6.  The  alum  of  commerce  ought  not  to  be  confider- 
ed  as  a fimple  fait,  but  as  a combination  in  the  date 
of  a tripple  and  fometimes  quadruple  fait  of  fulphate  of 
alumine,  fulphate  of  pot-afh,  or  of  ammoniac.  Among 
thefe  lad  we  may  didinguiffi  two  fpecies ; the  one  with- 
out excefs  of  acid,  infoluble  in  water  and  infipid,  being 
what  is  improperly  called  alum  faturated  with  its  own 
earth  ; and  the  other,  which  contains  an  excefs  of  acid 
foluble  in  water,  very  fapid  and  adringent,  is  the  com- 
mon alum. 

There  is  likewife  a pure  fulphate  of  alumine,  very 
adringent,  very  difficult  of  crydallization,  in  the  form 
of  brilliant  pearl-coloured  plates  without  confidence, 
and  which  cannot  be  rendered  foluble  by  the  addition 
of  a new  quantity  of  its  bafe.  This  lad  fait  may  with 
the  greateft  propriety  be  called  the  fulphate  of  alumine. 

7.  It  follows  from  the  comparative  analyfis,  and  the 
knowledge  acquired  refpeding  the  different  dates  of  the 
combination  of  alumine  with  the  fulphuric  acid  united 
at  the  fame  time  with  other  bafes,  that  we  mud  didin- 
guifh  feven  dates  in  this  combination,  and  that  it  is  ne- 
ceffary  to  exprefs  them  according  to  the  rules  of  the 
methodical  nomenclature.  Here  follow  the  feries,  the 
nature,  and  the  names  of  thefe  feven  fulphates  of  alu- 
mine. 


Alum, 


I.  Sulphate  of  alumine,  or  the  artificial  combination 
of  fulphuric  acid  and  alumine.  This  fait  is  adringent ; 
it  crydallizes  in  laminte  or  flexible  leaves,  foluble  in  wa- 
ter. It  has  never  been  defcribed  nor  named  by  che- 
mids.  2.  Acid  fulphate  of  alumine  is  the  foregoing 
fait,  with  excefs  of  acid,  from  which  it  differs  by  red- 
dening blue  vegetable  colours.  It  is  eafily  made  by 
diifolving  that  fait  in  the  fulphuric  acid,  but  it  is  not 
eafy  to  convert  this  into  the  neutral  fulphate  of  alumine 
but  by  boiling  it  a long  time  with  its  earth.  This  fait, 
like  the  fird,  has  not  been  defcribed.  3.  Saturated 

B 2 fulphate 


(a)  It  may  be  proper  to  notice,  that  Scheele  feems  to  have  known  this  long  before,  and  that  he  mentions  k 
cxpreBly  in  his  paper  on  Pyrophorus. 
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Alum  fulphate  of  alumine  and  of  pot-afli  is  the  alum  of  the 
II  . chemifts  faturated  with  its  earth.  It  is  pulverulent, 

infipid,  infoluble,  not  cryftallizable,  and  is  eafily  con- 
verted into  true  alum  by  the  addiiiosi  of  fulphutic  acid. 

4.  The  acid  fulphate  of  alumine  and  of  pot-alh  greatly 
refembles  common  alum,  and  is  eaGly  prepared  chemi- 
cally ; but  M.  Vauquelin  found  no  alum  but  that  of 
La  Tolfa  which  is  exadlly  of  the  fame  nature  with  it. 

5.  The  acid  fulphate  of  alumine  and  of  ammoniac  has 
all  the  properties  of  alum,  and  may  be  ufed  for  the 
fame  purpofes ; but  though  it  is  eafily  made  in  the  la- 
boratories, our  author  never  found  it  pure  in  commerce. 

6.  The  acid  fulphate  of  alumine,  pct-afh,  and  ammo- 
niac. It  is  remarkable  enough,  fays  M.  Vauquelin, 
that  this  Ihould  be  the  nature  of  the 'alum  moll  fre- 
quently made  in  the  arts,  and  that  to  exprefs  its  com- 
bination fo  many  words  fhould  be  necelfary.  This, 
however,  may  be  avoided,  by  referving  the  name  of 
alum  to  this  fubftance,  which  will  be  fufficient  to  di- 
ftinguifti  it  perfectly.  7.  The  acidulous  fulphate  of 
alumine  and  of  pot-alh,  our  author  fays,  he  is  lefs  ac- 
quainted with  than  with  the  preceding  feries.  The 
name  by  which  he  charadterizes  it  was  fuggefted  to  him, 
and  he  thiirks  it  proper,  becaufe  by  adding  to  the  folu- 
lion  a fmall  quantity  of  pot-alh  more  than  is  necelfary 
to  obtain  odahedral  cryftals,  it  manifeftly  palfes  to  the 
cubic  form. 

From  thefe  dedudtions,  the  phylician,  the  chemift, 
and  the  manufacturer,  with  whom  the  ufes  of  alum  are 
greatly  multiplied,  will  hereafter  poll'efs  a knowledge  of 
the  fubftance  they  employ,  and  may  appreciate  its  ef- 
fedts  on  the  animal  economy,  and  other  bodies  to  which 
it  is  fo  frequently  applied.  See  Annates  de  Chtmie,  xxii. 
258,  and  Nicholfon’s  journal,  Vol.  I.  p.  318,  &c. 

ALUMINE,  one  of  the  firaple  earths.  See  Che- 
mistry in  this  Supplement. 

ALVARADO,  a river  in  New  Spain,  which  rifes 
in  the  mountains  of  the  Zapotecas,  and,  after  making 
a circuit  through  the  province  of  Mazaltan,  and  re- 
ceiving feveral  fmaller  rivers  and  ftreams,  empties  into 
the  Gulf  of  Mexico,  at  30  miles  diftance  from  Vera- 
Cruz. — Morse. 

AMBROSE,  St.  an  illand  in  the  S.  Pacific  ocean, 
on  the  coaft  of  Chili,  4 or  5 leagues  due  W.  from  Sc. 
Felix  ifland.  At  firft  view,  it  appears  like  two  fmall 
iflands,  but  after  a nearer  approach,  it  is  found  they 
are  joined  by  a reef.  It  lies  in  26.  13.  S.  lat.  and  80. 
55.  W.  long,  from  Greenwich.  There  is  a large  rock 
4 miles  to  the  northward  of  the  ifland,  called,  from 
its  appearance,  Sail  rock.  Capt.  Roberts,  who  was 
herein  1792,  found  St.  Felix  iftand  inacceflible.  On 
St.  Ambrofe  ifland,  his  crew  killed  and  cured  13,000 
feal  llcins  of  the  beft  quality,  in  feven  weeks.  The 
iftand  has  little  elfe  to  recommend  it.  Fifti  and  cravv- 
fiflr  abound.  The  beft  feafon  for  fealing  is  from  the 
ift  of  April  to  the  ift  of  Auguft.  ftBe  ifland  has  the 
appearance  cf  having  had  volcanic  eruptions. — ib. 

AMELIA,  a county  in  Virginia,  bounded  N.  by 
Appamatox  river  wLich  feparates  it  from  Powhatan 
and  Chefterfield  counties,  N.  W.  by  Prince  Edw^ard, 
E.  by  Dmwiddie,  and  S.  by  Notiaway.  Scott.  Amelia, 
including  Nottaway,  a new  county,  contains  18,097 
inhabitants,  of  whom  11,037  are  flaves. 

Amelia  IJle,  on  the  coaft  of  E.  Florida,  lies 
about  7 leagues  N.  of  St.  Auguftine,  and  very  near 


Talbot  ifland  on  the  S.  at  the  mouth  of  St.  John’s  river.  Amicable 
It  is  13  miles  long  and  2 broad,  is  very  fertile,  and  II 
has  an  excellent  harbour.  Its  N.  end  lies  oppoftte 
Cumberland  ifland,  between  which  and  Amelia  Ifle  is  w— vL«. 
the  entry  into  St.  Mary’s  river,  in  N.  lat.  30.  52.  W. 
long.  67.  23. — Morse. 

AMICABLE  NUMBERS  have  been  defined,  and  the 
firft  pair  of  them  given  in  the  Encyclopedia.  The  fe« 
cond  pair  of  amicable  numbers  are  17296  and  18416; 
and  the  third  pair  are  9363584  and  9437056. 

Dr.  Hutton  informs  us,  that  thefe  three  pairs  of  ami- 
cable numbers,  wuth  the  properties  from  which  they  re- 
ceive their  name,  were  found  out  by  F.  Schooten,  as 
appears  from  Sedf.  ix.  of  his  Exercitationes  Mathematics. 

To  find  the  firft  pair,  he  pats  45c  and  4yz,  or  adx  and 
a'^y%  for  the  twm  numbers  where  a— 2 ; then  making 
each  of  thefe  equal  to  the  fum  of  the  aliquot  parts  of 
the  other,  gives  two  equations,  from  which  are  found 
the  values  of  x and  z,  and  confequently  afluming  a pro- 
per value  for  y,  the  two  amicable  numbers  themfelves 
4«:  and  4yai. 

In  like  manner  for  the  other  pairs  of  fuch  numbers  ; 
in  which  he  finds  it  necelfary  to  affume  16^  and  169/2;, 
or  a^x  and  a^y%  for  the  fecond  pair,  and  izSx  and  i z8yz 
or  a'^x  and  ai^yz  for  the  third  pair. 

Schooten  then  gives  this  praffical  rule,  from  Def- 
cartes,  for  finding  amicable  numbers,  viz.  affume  the 
number  2,  or  fome  power  of  the  number  2,  fuch  that  if 
unity  or  i be  fubtradfed  from  each  of  thefe  threefollowing 
quantities,  viz.  from  3 times  the  affumed  number,  alfo 
from  6 times  the  affumed  number,  and  from  18  times 
the  fquare  of  the  affumed  number,  the  three  remainders 
may  be  all  prime  numbers  ; then  the  laft  prime  number 
being  multiplied  by  double  the  affumed  number,  the 
produdt  will  be  one  of  the  amicable  numbers  fought, 
and  the  fum  of  its  aliquot  parts  will  be  the  other. 

That  is,  if  a be  put  the  number  2,  and  n fome 
integer  number,  fuch  that  3a" — i,  and  6a'^ — i,  and 
— I be  all  three  prime  numbers ; then  is  — i 
X 2nd  one  of  the  amicable  numbers ; and  the  fum  of  its 
aliquot  parts  Is  the  other. 

AMSTERDAM  and  St  Paul,  are  two  iflands  in 
the  South  Sea,  lying  in  the  fame  degree  of  longitude, 
and  generally  confounded  with  each  other.  The  Dutch 
navigators  have  given  the  name  of  Amjlerdam  to  the 
northern,  and  of  St  Paul  to  the  fouthern  iftand,  and 
Captain  Cook  conforms  to  that  appellation.  Moft  other 
Engliflr  navigators,  and  particularly  Mefl'rs  Cox  and 
Mortimer,  with  Sir  George  Staunton,  reverfe  the 
names,  calling  the  fouthern  ifland  Amflerdam,  and  the 
other  St  Paul.  At  this  fouthern  ifland  the  Lion  man 
of  war  flopped  on  her  voyage  to  China  with  Lord  Ma- 
cartney, the  late  ambaffador  to  the  court  of  Pekin, 
which  gave  an  opportunity  to  the  men  of  fcience  in  the 
train  of  the  ambaffador  to  examine  the  ifland  with  more 
fkill  and  attention  than  probably  it  had  ever  been  exa- 
mined before. 

Dr  Gillan,  who  was  appointed  phyftcian  to  the  em- 
baffy,  as  well  for  his  knowledge  of  chemiftry  as  for  his 
medical  fkill,  is  confident  that  the  Ifland  of  Amflerdam 
is  the  producft  of  fubterraneous  fire,  as  it  bears  in  every 
part  of  it  evident  marks  of  volcanic  eruption.  “ On 
the  weft  and  fouth-weft  fides  (fays  he)  there  are  four 
fmall  cones  regularly  formed,  with  craters  in  their  cen- 
tres, in  which  the  lava  and  other  volcanic  fubftances 

have 
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Amfter-  have  every  appearance  of  recent  formation.  The  heat 
dam.  continues  ftill  fo  great,  and  fuch  a quantity  of  eladic 
vapour  iffiies  through  numberlefs  crevices,  that  there 
can  be  no  doubt  of  their  having  been  very  lately  in  a 
date  of  eruption.  In  a thermometer  placed  upon  the 
furface,  the  quickfilver  rofe  condantly  to  180  degrees, 
and  when  funk  a little  into  the  adies,  it  advanced  to  2 12 
degrees.  It  certainly  would  have  rifen  dill  higher ; but 
the  fcale  being  graduated  only  to  the  point  of  boiling 
water,  and  the  length  of  the  lube  proportioned  to  that 
extent,  the  thermometer  was  immediately  withdrawn, 
led  the  increafing  expanfion  of  the  quickfilver  fhould 
burd  the  glafs.  The  ground  was  felt  tremulous  under 
the  feet;  a done  thrown  violently  upon  it  returned  a 
hollow  found  ; and  the  heat  was  fo  intenfe  for  a con- 
fiderable  didance  around,  that  the  foot  could  not  be 
kept  for  a quarter  of  a m.inute  in  the  fame  pofition  with- 
out being  fcorched.  But  the  great  crater  on  the  ead- 
ern  fide,  now  full  of  w'ater,  is  by  far  the  larged  here, 
or  perhaps  elfewdiere,  and  is  of  an  adonilhing  fize,  con- 
fiderably  exceeding  in  diameter  thofe  of  Etna  or  Vefu- 
vius.  The  quantity  of  matter  to  be  thrown  up,  which 
required  fo'wide  an  orifice  for  its  paffage,  and  the  force 
with  which  fuch  matter  was  impelled,  in  order  to  over- 
come the  refidance  of  the  fuperincumbent  earth  and 
fea,  mud  have  been  indeed  prodigious. 

“ This  vad  crater,  according  to  the  ufual  method  of 
computing  the  antiquity  of  volcanoes,  mud  have  been 
formed  at  a very  remote  period.  The  lava  all  around 
its  fides  is  much  decompofed,  and  has  mouldered  into 
dud,  which  lies  on  the  furface  in  many  parts  to  a con- 
fiderable  depth.  The  decompofition  has  fupplied  a rich 
foil  for  the  long  grafs  growing  on  the  fides  of  the  cra- 
ter, and  has  even  fpread  over  mod  parts  of  the  ifland. 
The  fibrous  roots  of  the  grafs,  extending  in  all  direc- 
tions through  the  decompofed  lava  and  volcanic  adies, 
and  mixed  in  a decaying  date  with  the  vegetable  mould, 
produced  from  the  annual  putrefasdion  of  the  leaves 
and  dalks,  have  formed  a layer  of  foil  feveral  feet  deep 
all  over  the  idand.  But  as  it  has  nothing  except  its 
own  weight  to  comprefs  it  together,  it  is  of  a light 
fpongy  texture,  with  very  little  cohefion,  and  in  many 
places  furrow'ed  and  interfered  by  the  fummer  rains, 
and  the  torrents  occafioned  by  the  melting  of  the  fnow 
which  lies  upon  it  in  the  winter,  from  three  to  lour 
feet  thick,  in  all  thofe  places  v/here  the  fubterraneous 
heat  is  not  great  enough  to  prevent  its  accumulation. 
In  fome  parts  thefe  furrows  and  cavities  are  deeper  than 
the  level  of  the  common  channel ; hence  they  ferve  the 
purpofe  of  fmall  natural  refervoirs.  The  water  flows 
into  them  from  all  the  neighbouring  ground  ; and  as 
their  fides  are  (haded,  and  almod  covered  over  by  the 
leaves  of  the  long  grafs,  growing  from  their  edges  in 
oppofite  diredtions,  the  rays  of  the  fun  are  excluded, 
and  very  little  is  loft  by  evaporation.  Thefe  refervoirs, 
however,  are  very  fmall,  and  but  few  in  number;  the 
largeft  could  not  contain  more  tiian  three  or  four  hogf- 
heads  of  water;  and  there  is  none  elfe  to  be  found,  ex- 
cept in  the  fprings  on  the  fides  of  the  large  crater. 

“ The  foil  everywhere  being  light  and  fpongy,  and 
full  of  holes,  formed  in  it  by  fea-birds  for  nefts,  is  very 
troublefome  to  walk  upon  ; the  foot  breaks  through  the 
furface,  and  finks  deep  at  every  ftep  ; a circumltance 
which  renders  the  journey  acrofs  the  ifland  uncommonly 
fatiguing,  although  it  be  fcarcely  three  miles  from  the 


edge  of  the  great  crater  to  the  oppofite  weft  fide.  Amfter- 
Thcre  is  one  place  near  the  centre  of  the  ifland,  ex-  . ^ 
tending  about  200  yards  in  length,  and  fomewhat  lefs  in 
breadth,  where  particular  caution  is  neceftary  in  w'alking 
over  it.  From  this  fpot  a hot  frefii  fpring  is  fuppofed 
to  derive  its  fource,  finding  its  way  through  the  inter- 
ftices  of  the  lava  to  the  great  crater,  and  burfting  out 
a little  above  the  wmter  covering  its  bottom.  The 
heat  in  this  upper  fpot  is  too  great  to  admit  of  vegeta- 
tion. The  furface  is  covered  with  a kind  of  mud  or 
pafte  formed  from  the  alhes,  moiftened  by  fleam  con- 
ftantly  rifing  from  below.  When  the  mud  Is  removed, 
the  vapour  iffues  forth  with  violence,  and  in  fome  parts 
copioufly.  This  mud  is  fo  hot,  that  a gentleman  who 
inadvertently  ftepped  into  it,  had  his  foot  feverely  fcald- 
ed  by  it.  The  fame  caufes  which  have  prevented  vege- 
tation on  this  fpot,  have  had  the  fame  elFe(ft:  on  the 
four  cones  recently  throwm  up.  Their  furfaces  are  co- 
vered with  allies  only  ; nor  is  there  the  leaft  appearance 
even  of  mofs  on  the  furrounding  lava,  for  the  produc- 
tion of  which  there  does  not  appear  to  have  elapfed  a 
fufficient  length  of  time  fince  the  cones  were  formed : 
but  this  is  not  the  cafe  with  the  lava  of  the  great  pri- 
mary crater;  for  in  thofe  parts  of  it  where  the  edges 
are  more  perpendicular,  and  where  confequently  the 
mouldering  decompofed  earth,  having  no  bafis  to  fup- 
port  it,  Aides  down  the  fides  of  the  rock,  pretty  long 
mofs  was  generally  found  growing  upon  it.  All  the 
fprings  or  refervoirs  of  hot  water,  except  one  only,  were 
brackifli.  One  fpring  derives  its  fource  from  the  high 
ground  and  ridges  of  the  crater.  The  water  in  it,  in- 
ftead  of  boiling  upwards  through  the  ftones  and  mud,  as 
in  the  other  fprings,  flows  downward  with  a confider- 
able  velocity,  in  a fmall  colledted  ftream.  Its  tempera- 
ture has  been  found  not  to  exceed  112  degrees.  The 
hand  could  be  eafily  kept  in  it  for  a confiderable  time. 

It  is  a pretty  ftrong  chalybeate.  The  fides  of  the  rock 
whence  it  ilfues,  and  of  the  cavity  into  which  it  falls, 
are  incrufted  with  ochre  depofited  from  it. 

“ When  the  great  crater  is  viewed  from  the  high 
ground,  it  appears  to  have  been  originally  a perfecl 
circle,  but  to  have  been  encroached  upon  by  the  fea  on 
the  eaftern  fide,  where  the  flood  tide  ftrikes  violently. 

The  rocks  of  lava  which  formed  the  edge  of  the  crater 
on  that  fide  have  fallen  down.  The  depth  of  the  wa- 
ter in  the  crater  is  about  170  feet,  rendering  the  whole 
height  of  the  crater,  from  the  bottom  to  its  upper  ridge, 
nearly  if  not  quite  900  feet.  The  lofty  rocks  forming 
this  ridge  are  the  higheft  parts  of  the  ifland,  which 
feems  to  have  been  originally  produced  by  the  melted 
lava  flowing  down  on  all  fides  from  hence.  Thus  there 
is  a gradual  Hope  from  the  edges  of  the  crater  to  the 
fea  ; and  the  lava,  though  very  irregular,  and  lying  in 
mixed  ruin  and  confufion  immediately  around  the  cra- 
ter, aflumesamore  uniform  appearance  at  fome di fiance, 
layer  refting  regularly  upon  layer,  with  a gradual  decli- 
vity the  whole  way  down  to  the  fea.  This  difpofition 
of  the  layers’  is  particularly  obfervable  in  the  weft  fide, 
w^here  they  happen  to  terminate  in  an  abrupt  precipice. 

The  eruptions  that  took  place  at  different  periods  ap- 
pear here  diftinflly  marked  by  the  different  layers  that 
are  found  with  regular  divifions  between  them  ; the 
glalfy  lava  being  undermoft,  the  compadl  next,  the  cel- 
lular lava  next  above,  over  it  the  volcanic  alhes  and 
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A^ielins  it  picks  up  as  they  are  fwlmming  over  the  furface  of 
II  the  water. 

Ainonoo-  This  fmgular  ifland  lies  in  38®  42'  S.  Lat.  and  in 
. 76°  54'  E.  Long,  from  Greenwich.  St  Paul’s,  or  the 
ifland  lying  in  fight  and  to  the  northward,  differed  in 
appearance  materially  from  Amflerdam.  It  prefented 
no  very  high  land,  or  any  rifing  in  a conic  form  ; and 
feemed  to  be  overfpread  with  fhrubs  or  trees  of  a mid- 
dling fize.  It  was  faid  to  abound  with  frefh  water, 
but  to  have  no  good  anchorage  near  it,  nor  ^ny  place 
of  eafy  landing. — Sir  George  Staunton’s  Account  of  an 
■ Embaffy  to  the  Emperor  of  China. 

AMELINS,  Ecor  at  is  a fouth  eaftern  head  branch 
of  Wabafh  river,  whofe  mouth  is  9 miles  N.  E.  from 
the  mouth  of  Salamanie  river,  and  45  miles  S.  W. 
from  the  Miami  village  and  fort. — Morse. 

AMOENIA,  a thriving  townftiip  in  Dutchefs  coun- 
ty, N ew-York,  6 miles  dillant  from  Sharon,  in  Con- 
nedicut.  It  contains  3078  inhabitants,  of  whom  383 
are  eledtors. — il. 

AMHERST,  a townfliip  in  Cumberland  county, 
Nova-Scotia,  fituated  on  Chignedto  Bafon,  on  the  S. 
fide  of  La'  Planch  River,  and  on  the  rivers  Napan 
and  Macon.  The  navigation  of  the  two  laft  is  difficult 
on  account  of  fhoals.  The  town  was  fettled  by  North 
Irilh,  Yorkfliire  and  New-England  people. — ib. 

Amherst,  the  fliire-town  of  Hillfborotigh  county, 
New-Hamplhire,  is  a town  of  fome  note,  formerly 
Souhegan  JVeJi,  and  was  originally  granted  from  Maffa- 
chufetts.  It  has  2369  inhabitants,  and  was  incorpo- 
rated in  1762.  The  Aurean  Academy  was  founded 
here  in  1790.  A few  years  ago,  the  townfhip  being 
much  infefted  with  wolves,  the  people,  on  a day  ap- 
pointed, furrounded  a large  fwamp  which  they  fre- 
quented, and  kept  up  an  inceflant  firing  of  guns  and 
beating  of  drums  the  whole  day ; which  mulic  forced 
the  wolves  to  decamp  the  following  night,  with  difmal 
bowlings ; and  they  have  never  done  any  mifehief  in 
the  town  fince.  Amherft  lies  on  a northern  branch 
of  Souhegan  River,  which  falls  into  Merrimack  River, 
and  is  60  miles  W.  of  Portfmouth,  and  53  N.  W. 
ofBofton.  N.  lat.  42.  54.  W.  long.  71.  33 — ib. 

Amherst,  a townfhip  in  Hampflrire  county,  Maf- 
fachufetts,  containing  1233  inhabitants;  91  miles 
wefterly  from  Bofton,  and  about  eight  north-eafterly 
from  Northampton. — ib. 

Amherst  County,  in  Virginia,  lies  between  the 
Blue  Ridge  and  the  tide  waters,  and  contains  13,703 
inhabitants,  including  5296  flaves.  It  lies  on  the 
north  of  James  River. — ib. 

AMICU,  a lake  in  the  province  of  Cumana,  South- 
America,  whofe  waters  run  fouthwardly  through 
Parima  River  into  the  Amazon. — ib. 

AMONOOSUCK,  an  Indian  name  given  to  two 
rivers  in  New-Hampftiire : the  one  is  called  Upper 

Amonoofuck,  paffing  through  a traft  of  excellent  mea- 
dow. It  rifes  near  the  north  end  of  the  V/Inte  Hills, 
runs  northerly  about  15  miles,  where  is  a carrying 
place  of  about  three  miles  to  Amarifeoggin  River. 
From  thence  the  river  runs  S.  W.  and  W.  nearly 
18  miles,  and  empties  Into  the  Connedicut  at  North- 
umberland, near  the  Upper  Coos. 

The  other  is  called  Great  or  Looser  Amonoofuck, 
which  rifes  on  the  weft  fide  of  the  White  Mountains. 
It  falls  into  the  Connedicut  juft  above  the  town  of 
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Haverhill,  in  Lower  Coos,  by  a mouth  100  yards  Amotape 
wide.  About  two  miles  from  its  mouth  it  receives  II 
Wild  Amonoofuck,  40  yards  wide  from  Franconia  and 
Lincoln  Mountains.  Two  or  three  hours  rain  raifes 
the  water  in  this  laft  mentioned  river  feveral  feet,  and 
occafions  a current  fo  furious  as  to  put  in  motion  (tones 
of  a foot  in  diameter,  but  its  violence  foon  fubfides. 

— ib. 

AMOTAPE,  a towm  near  Tumbez,  lying  near  the 
Ihore  of  the  South  Sea,  in  the  empire  of  Peru.  Being 
near  a river  of  fine  water,  the  adjacent  country  is 
highly  improved.  Lat.  4.  15.  43.  S. — ib. 

AMPALLA,  by  fome  authors  called  Ampalia,  a 
city  and  feaport  in  Guatimala  Gulf,  in  that  of  Mexico, 

350  miles  S.  E.  of  the  city  of  Guatimala,  and  carries 
on  a brifk.  trade  in  cochineal,  cocoa,  hides,  indigo, 

&c. — ib. 

AMPARES,  a jurifdidion  under  the  archbifhop  of 
Plata,  eaftward  of  that  city,  in  the  empire  of  Peru. 

It  abounds  in  grain  and  cattle. — ib. 

AMUSKEAG  Falls,  in  New-Hampfhire,  are  on 
Merrimack  River,  fixteen  miles  below  Concord,  and 
feven  below  Hookfet  Falls.  It  confifts  of  three  pitches, 
one  below  the  other,  fo  that  the  water  falls  about  80 
feet  in  the  courfe  of  half  a mile.  The  fecond  pitch, 
which  may  be  feen  from  the  road,  on  the  V/.  fide,  is 
truly  majeftic.  In  the  middle  of  the  upper  parr  of  the 
fall  is  a high  rocky  ifland,  on  the  top  of  which  are  a 
number  of  pits,  made  exaflly  round,  like  barrels  or 
hogfheads,  fome  of  w'hich  are  capable  of  holding  fe- 
veral tons ; formed  by  the  circular  motion  of  fmall 
ftones,  impelled  by  the  force  of  the  defeending  water. 

There  is  a bridge  acrofs  the  falls  556  feet  in  length, 
and  20  In  breadth,  confifting  of  2000  tons  of  timber, 
and  made  paffable  for  travellers  57  days  after  it  was 
begun.  N.  lat.  42.59. — ib. 

ANACLASTIC  curves,  a name  given  by  M.  de 
Mairan  to  certain  apparent  curves  formed  at  the  bot- 
tom of  a velfel  full  of  water,  to  an  eye  placed  in  the 
air  ; or  the  vault  of  the  heavens,  feen  by  refradlion 
through  the  atmofphere. 

ANAPHORA,  in  aftrology,  the  fecond  houfe,  or 
that  part  of  the  heavens  which  is  30  degrees  from  the 
horofeope.  The  term  anaphora  is  alfo  fometimes  ap- 
plied promifeuoufly  to  fome  of  the  fucceeding  houfes, 
as  the  5th,  the  8th,  and  the  iith.  In  this  fenfe  ana- 
phora is  the  fame  as  epanaphora,  and  ftands  oppofed  to 
cataphora. 

ANASTATIA,  Sr.  a fmall  ifland  clofe  to  the 
coaft  of  Eaft-Florida,  fituated  S.  of  Maftances  Inlet, 
w'here  the  river  Maftances  forms  two  iilands  of  tlie 
fame  name  at  its  mouth.  St.  Anaftatia  ifland  is 
bounded  on  the  N.  by  St.  Auguftine’s  bar.  Here  Is 
a quarry  of  fine  ftone  for  building. 

ANASTROUS  signs,  in  aftronomy,  ammeglven 
to  the  duodecate'moria,  or  the  twelve  portions  of  the  eclip- 
tic, which  the  figns  pofTeffed  anciently,  but  have  fince 
deferted  by  the  preceffion  of  the  equinox. 

ANCHOR  OF  A SHIP,  is  an  inftrument  which,  as 
It  is  commordy  made,  has  been  fiufficiently  deferibed  in 
the  Encyclopaedia.  An  improvement,  however,  has 
been  propofed  on  its  conftrudfion  by  Mr  James  Scuard 
of  the  parilh  of  Sc  Anne,  Middlefex,  who  obtained  a 
patent  for  his  invention,  dated  Feb.  9,  1796. 

The  whole  of  this  invention  confifts  in  making  the 

anchor 
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Ancocus  anchor  with  one  fluke  or  arm  Inflead  of  two,  and  con- 
11  triving  to  load  that  fluke  or  arm  in  fuch  a manner  as  to 
make  it  always  fall  the  right  way.  With  this  view  Mr 
Stuard  would  have  the  fhank  of  the  anchor  made  very 
fhort,  that  it  may  cant  the  more  when  fufpended  by  the 
cable  ; and  he  would  have  the  arm  and  it  made  of  bars 
in  one  length,  that  there  may  be  no  (hoot  or  joining  in 
the  whole  inflrument.  The  bend  of  the  lhank  and  arm 
he  would  have  rounded,  and  not  angular  as  in  the  com- 
mon anchor  ; and  on  this  bend  he  would  have  a fmall 
lliackle,  or  two  plates  with  a fmall  bolt  between  them, 
for  the  buoy  rope  to  be  made  fall  to.  Inflead  of  wood, 
he  propofes  for  the  frock  of  the  anchor  a bar  of  wrought 
iron,  loaded  or  covered  at  the  ends  with  knobs  of  cafl 
iron  ; and  he  would  have  the  palm  of  the  fluke  or  arm 
either  to  be  compofed  entirely  of  cafl  iron,  or  to  be  a 
call  iron  fhell  filled  with  lead.  This  weight  of  the  palm, 
the  fhortnefs  of  the  lhank,  and  the  flruflure  of  the 
flock,  will  no  doubt  make  the  anchor  fall  the  right  way  ; 
which,  having  no  upper  fluke,  will  never  be  tripped  by 
the  cable  taking  hold  of  it  on  the  fhip’s  Twinging,  nor 
will  it  prove  fo  dangerous  as  the  common  anchor  to 
fuch  veflels  as  may  happen  to  ground  by  it. 

ANCOCUS  or  RANCOCUS  Creek,  in  New-Jerfey, 
a water  of  the  Delaware,  6 miles  S.  W.  from  Bur- 
lington. It  is  navigable  i6  miles;  and  confiderable 
quantities  of  lumber  are  exported  from  it — Morse. 

ANDAGUAYLAS,  a jurifJidtion  in  South-Ame- 
rica,  in  the  empire  of  Peru,  fubjed  to  the  archbilhop 
of  Lima ; lying  E.  by  S.  of  the  city  of  Guamanga. 
It  abounds  in  fugar  plantations,  grain  of  moft  forts, 
and  fruits. — ii. 

ANDERSON  (Alexander),  an  eminent  mathema- 
tician, was  born  at  Aberdeen  towards  the  end  of  the 
1 6th  century  Where  he  was  educated,  or  under  w'hat 
mailers,  we  have  not  learned  ; probably  he  fludied  the 
belles  lettres  and  philofophy  in  the  univerfity  of  his  na- 
tive city,  and,  as  was  the  pradtice  in  that  age  of  all  who 
could  aflpord  it,  went  afterwards  abroad  for  the  cultiva- 
tion of  other  branches  of  fcience.  But  wherever  he 
may  have  lludied,  his  progrefs  in  fcience  mull  have 
been  rapid  ; for,  early  in  the  1 7th  century,  we  find  him 
profelTor  of  mathematics  in  the  univerfity  of  Paris, 
where  he  publilhed  feveral  ingenious  wmrks ; and  among 
others,  i.  Supplementum  Apollonil  Redlvivi ; Jive  analy- 
Jis  problematis  haSenus  dejideratt  ad  AppoUonii  Pergsei  doc- 
trinam  vsi/vsav,  a Marino  Ghetaldo  Patritio  Ragtjlna 
hujufque,  non  iia  pridem  rejlitutam.  In  qua  exhihetur  me- 
cbanice  aqualitatum  tertii  gradus  Jive  folidariim,  in  quihus 
magnitudo  omnino  data,  aquatur  honiogmece  fub  altero  tan- 
tum  coefficiente  ignoto.  Huic  Juhnexa  ejl  variorum  probUma- 
tum  praBice,  Paris,  1612,  in  4to. — 2.  Pro 

Zetetico  Apolloniani  problematis  a fe  jam  pridem  edito  in 
fupplemento  Apollonii  Redivivi.  Ad  clarijjlmum  et  orna- 
Ujjinium  virum  Marinum  Ghetaldum  Patritium  Ragujinum. 
In  qua  ad  ea  quce  obiter  mihi  perjlrinxit  Ghetaldus  refpon- 
detur,  et  analytices  clarius  detegitur.  Paris,  1615,  in 
4to. — 3.  Francifci  Vietce  Fontenacenjis  de  JEquationum 
Reeognitione  et  Emendatione  Fraliatus  duo,  with  a dedi- 
cation, preface,  and  appendix,  by  himfelf.  Paris,  1615, 
in  4to. — 4.  Vieta’s  Angulares  SelHones ; to  which  he  add- 
ed demonllratinns  of  his  own.  Our  profelTor  was  cou- 
fin  german  to  Mt  David  Anderfon  of  Finfhaugh,  a gen- 
tleman who  alfo  poflcfled  a Angular  turn  for  mathema- 
tical know'ledge.  This  mathematical  genius  was  here- 
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ditary  in  the  family  of  the  Anderfons.;  and  from  them  Andover 
it  feems  to  have  been  tranfmitted  to  their  defeendants  of  II 
the  name  of  Gregory,  w'ho  have  for  fo  many  generations  -A-ndrofepg* 
been  eminent  in  Scotland  as  profelTors  either  of  mathe- 
matics,  or,  more  lately,  ©f  the  theory  and  pradtice  of 
phyfic.  The  daughter  of  the  David  Anderfon  juft  men- 
tioned, was  the  mother  of  the  celebrated  James  Gregory, 
inventor  of  the  refledling  telefcope;  and  obfervingin  her 
fon,  while  yet  a child,  a ftrong  propenfity  to  mathema- 
tical ftudies,  The  inftrudled  him  in  the  elements  of  that 
fcience  herfelf.  From  the  fame  lady  defeended  the  late 
Dr  Reid  of  Glafgow,  who  was  not  lefs  eminent  for 
his  knowledge  of  mathematics  than  for  his  writings  as 
a metaphyfician. 

Theprecife  dates  of  Alexander  Anderfon’s  birth  and 
death,  we  have  not  learned  either  from  Dempfter, 
Mackenzie,  or  Dr  Hutton,  who  feems  to  have  ufed 
every  endeavour  to  procure  information  ; nor  are  fuch 
of  his  relations  as  we  have  had  an  opportunity  of  con- 
fulting,  fo  well  acquainted  with  his  private  hiftory  as 
we  expedled  to  find  them. 

ANDOVER,  a large,  fertile  and  thriving  town  in 
Elfex  county,  MalTachufetts.  It  contains  2863  inhabi- 
tants, in  two  parilhes.  In  the  South  parifh  are  a pa- 
per mill  and  powder  mill,  from  the  latter  of  which 
the  army  received  large  fupplies  of  gun-powder  in  the 
late  war.  There  is  an  excellent  academy  in  this  town, 
called  “ Phillips  Academy,”  which  owes  its  exiftence 
to  the  liberal  benefadions  of  the  family  whofe  name  it 
bears.  Andover  is  under  excellent  cultivation,  parti- 
cularly that  part  which  is  watered  by  Shawftieen  River. 

It  lies  about  20  miles  W.  from  Newburyport,  and 
about  22  N.  from  Bofton. — Morse. 

Andover,  in  HilHborough,  New-Hampfhire,  con- 
tains 645  inhabitants,  and  was  incorporated  in  1779. 

— ib. 

Andover,  is  the  fouth-wefternmoft  townftiip  in 
Windfor  county,  Vermont,  has  Chefter  on  the  E.  lies 
32  miles  N.  E.  of  Bennington,  and  contains  275  in- 
habitants.— ib. 

Andover,  a place  in  Suflex  county,  New-Jerfey, 
near  the  fource  of  Pequeft  river,  5 miles  S.  E.  from 
New-Towm,  and  16  in  the  fame  diredion  from  Wal- 
pack. — ib. 

ANDREW’S,  St.  a fmall  town  in  the  contefted coun- 
try between  New-Brunfwick  and  the  United  States ; 
fituated  in  the  rear  of  an  ifland  of  the  fame  name,  on 
the  E.  fide  of  the  arm  of  the  inner  bay  of  Paffama- 
quoddy,  called  Scoodick.  The  town  is  regularly  laid 
out  in  the  form  of  an  oblong  fquare.  The  few  inha- 
bitants are  chiefly  employed  in  the  lumber  trade. 

The  common  tide  rifes  here  about  18  feet. — ib. 

Andrew’s,  Sr.  a townfhip  in  Caledonia  county, 

Vermont,  100  miles  N.  E.  from  Bennington. — ib. 

Andrew’s,  St.  a parifti  in  Charlefton  diftrid, 
South-Carolina,  containing  2947  inhabitants,  of  whom 
370  are  whites  and  2546  Haves. — ib. 

Andrew’s  Sound,  St.  lies  S.  of  Jekyl’s  Ifland, 
and  is  formed  by  it  and  a fmall  ifland  at  the  mouth 
of  Great  Satilla  river.  The  fmall  river  oppofite  this 
found  feparates  Camden  from  Glynn  county,  in 
Georgia. — ib. 

ANDROSCOGGIN,  or  Amarifeoggin  river,  in  the 
diftrid  of  Maine,  may  be  called  the  main  weftern 
branch  of  the  Kennebeck.  Its  fources  are  N.  of  Lake 

Umbagog. 
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Cape  was  fo  named  In  honour  of  Ann,  confort  of  fperfed  with  little  groves,  that  give  a pleafmg  variety  Anthony’s 

King  James  I. — ib.  1 1 i.  r n • r -n  1 Antimeter. 

ANN,  St.  a lake  in  Upper  Canada,  northerly  from  At  a little  diftance  below  the  falls  is  a fmall  ifland, 

Lake  Superior,  which  fends  Its  waters  north-eafterly  about  acre,  on  which  grow  a great  number  of 
into  James’s  Bay,  through  Albany  River.  Its  north-  oak  trees,  all  the  branches  of  which,  able  to  bear 
eaftern  point  lies'  in  N.  lat,  50.  W.  long.  88. — ib.  the  weight,  are,  in  the  proper^  feafon  of  the  year, 

ANN,  St.  is  the  chief  town  of  the  province  of  loaded  with  eagles  nefts.  Their  inftindtive  wifdom 
Parana,  in  the  E.  divifion  of  Paraguay,  South-Ameri-  has  taught  them  to  choofe  this  place,  as  it  is  fecure, 

on  account  of  the  rapids  above,  from  the  attacks  ei- 
ANN’s,  St.  a port  on  the  E.  fide  of  Cape  Breton  ther  of  man  or  beaft. — Morse. 

Ifland,  where  fifiiing  veffels  often  put  in.  It  lies  on  Anthony’x  Kill,  a weftern  water  of  Hudfon  RI- 
the  N.  W.  fide  of  the  entrance  into  Labrador  Lake.  ver.  Its  mouth  is  7 miles  above  that  of  Mohawk 
V/.  long.  60.  N.  lat.  47. — ib.  River,  with  which  likewife  it  communicates  at  the 

ANN’S,  St.  Is  a fmall  town  on  the  River  St.  John’s,  E.  end  of  Long  Lake. — ib. 
province  of  New-Brunfwick,  about  80  miles  from  St.  Anthony’j  Nofe,  a point  of  land  In  the  Highlands, 

John’s.  It  is  at  prefent  the  feat  of  government. — ib.  on  Hudfon  River,  in  the  ftate  of  New-York,  from 
ANN,  Fort,  in  the  ftate  of  New-York,  lies  at  the  which  to  Fort  Montgomery  on  the  oppofite  fide,  a 
head  of  batteaux  navigation,  on  Wood  Creek,  which  large  boom  and  chain  was  extended  in  the  late  war, 
falls  into  South  Bay,  Lake  Champlain,  near  Skenef-  which  coft  not  lefs  than  70,000!.  fterling.  It  was 
borough.  It  lies  6J:  miles  S.  W.  by  S.  from  Skenef.  partly  deftroyed  and  partly  carried  away  by  General 
borough  Fort;  10  E.  S.  E.  from  Fort  George,  and  Sir  Henry  Clinton,  in  Oftober,  1777.  Alfo,  the 
12  N.  E.  by  N.  from  Fort-Edward,  on  Hudfon  Ri-  name  given  to  the  point  of  a mountain  on  the  N. 
ver.  Such  was  the  favage  ftate  of  this  part  of  the  bank  of  Mohawk  River,  about  30  miles  above  Sche- 
country,  and  the  layers  of  trees  laid  lengthwife  and  nedady.  Around  this  point  runs  the  ftage  road. — ib. 
acrofs,  and  fo  broken  with  creeks  and  marflies,  that  ANTICS,  in  architeflure,  figures  of  men  and  ani- 
General  Burgoyne’s  army,  In  July,  1777,  could  fcarce-  mals  placed  as  ornaments  to  buildings, 
ly  advance  above  a mile  in  a day,  on  the  road  to  Fort-  ANTICUM,  In  architefture,  a porch  ; alfo  that 
Edward.  They  had  no  fewer  than  40  bridges  to  con-  part  of  a temple  which  lies  between  the  body  of  the 
ftru6t,  one  of  which  was  of  log  v^ork  2 miles  in  length;  temple  and  the  portico,  and  is  therefore  called  the  out- 
circumftances  which  in  after  ages  will  appear  hardly  er  temple. 

credible. — ib.  ANTIETAM  Creek,  in  Maryland,  rifes  by  feveral 

ANSON,  an  interior  county  of  N.  Carolina,  In  branches  in  Pennfylvania,  and  empties  into  Potow- 
Fayette  diftrid:,  having  Mecklinburg  county  N.  and  mack  River,  3 miles  S.  S.  E.  from  Sharplburg. 

Bladen  and  Cumberland  counties  on  the  E.  It  con-  Elizabeth  and  Funk’s  towns  ftand  on  this  creek.  It 

tains  5133  inhabitants,  including  828  flaves. — ib.  has  a number  of  mills  and  forges. — Morse. 

ANTECEDENTAL  calculus.  See  Calculus  ANTIMETER,  or  Retlecting  Sector,  an  in- 
in  this  Supplement.  ftrument  invented  by  Mr  William  Garrard,  for  the  pur- 

ANTES,  in  architecture,  fmall  pilaftres  placed  at  the  pofe  of  meafuring  angles,  particularly  fmall  ones,  with 
corners  of  buildings.  a greater  degree  of  accuracy  than  can  be  done  by  Had- 

ANTFIONY’s  Falls,  St.  in  the  River  MilTiflip-  ley’s  quadrant  or  by  the  fextant. 
pi,  lie  about  10  miles  N.  W.  of  the  mouth  of  St.  The  frame  of  this  inftrument  is  fimilar  to  that  of 
Pierre  River,  which  joins  the  Miffiffippi  from  the  W.  Hadley’s  quadrant,  having  two  radii,  a limb,  and  bra- 
and  are  fituated  in  about  lat.  44.  50.  N.  and  were  fo  ces  ; but  with  this  difference,  that  the  further  radius  is 
named  by  father  Louis  Hennipin,  who  travelled  into  produced  upwards  of  four  Inches  beyond  the  centre  of 

thefe  parts  about  the  year  1680,  and  was  the  firft  motion  of  the  Index  ; and  the  great  fpeculum,  or  what 

European  ever  feen  by  the  natives  there.  The  whole  is  called  the  index-glafs  in  Hadley’s  quadrant,  being 
river,  250  yards  wide,  falls  perpendicularly  above  30  placed  there,  is  called  the  upper  centre.  In  this  inftru- 
feet,  and  forms  a moft  pleafmg  catarad.  The  rapids  ment  there  is  no  provifion  for  the  back  obfervatlon. 
below,  In  the  fpace  of  300  yards,  render  the  defcent  The  horizon-glafs  is  like  that  in  Hadley’s  quadrant ; 
confiderably  greater ; fo  that  when  viewed  at  a dif-  there  are  two  fight  vanes,  to  fuit  two  different  fitua- 
tance,  they  appear  to  be  much  higher  than  they  really  tions  of  the  large  fpeculum  or  objed  glafs : thefe  vanes 
are.  In  the  middle  of  the  falls  is  a fmall  ifland,  about  are  adapted  to  receive  a fmall  telefcope.  On  the  centre 
40  feet  broad,  and  fomewhat  longer,  on  which  grow  of  the  index,  wEere  the  Index-glafs  of  Hadley’s  qua- 
a few  hemlock  and  fpruce  trees  ; and  about  half  way  drant  is  fixed,  is  a brafs  or  bell-metal  femicircle,  two 
between  this  ifland  and  the  eaftern  fliore,  is  a rock,  inches  in  diameter,  and  one-eighth  of  an  inch  thick : 
lying  at  the  very  edge  of  the  fall,  in  an  oblique  pofi-  this  femicircle  is  ferewed  faft  to  the  index,  in  fuch  a 
tion,  5 or  6 feet  broad,  and  30  or  40  long.  Thefe  manner  that  the  axis  of  the  index  Is  a tangent  to  it. 
falls  are  peculiarly  fituated,  as  they  are  approaeba-  On  the  upper  centre  are  two  circular  brafs  plates,  which 
ble  without  the  lead  obftrudlion  from  any  intervening  revolve  concentrically,  either  together  or  feparately. 
hill  or  precipice  ; which  cannot  be  faid,  perhaps,  of  The  under  plate  has  a lever,  or  part  perpendicular  to 
any  other  confiderable  fall  in  the  world.  The  feene  the  plane  of  the  Inftrument,  projecting  dowmwards,  a 
around  is  exceedingly  beautiful.  It  is  not  an  uninter-  little  beyond  the  lower  centre  : this  lever  is  aCted  upon 
rupted  plain,  where  the  eye  finds  no  relief,  but  com-  by  the  femicircular  plate  at  the  lower  centre,  to  which 
pofed  of  many  gentle  afeents,  which,  in  the  fpring  it  is  always  kept  clofe  by  a fpring  on  the  other  fide, 
and  fummer,  are  covered  with  verdure,  and  inter-  In  the  upper  of  the  above  mentioned  circular  plates  are 

two 
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Antimeter  two  circular  perforations  or  flits,  through  one  of  which 
. H a fcrew  takes  into  the  head  of  the  inflrument,  and  thro’ 

Antiparal-  other  a fcrew  takes  into  the  lower  moveable  plate. 

The  large  fpeculum  is  faftened  to  the  upper  plate  ; and 
by  the  above  mentioned  fcrews  the  pofltion  of  this  glafs 
may  be  altered.  A circular  plate  is  fixed  to  the  lower 
centre  by  three  pillars  : in  its  centre  is  a nut  to  admit 
a fcrew,  by  which  the  plate  carrying  the  large  fpecu- 
lum may  be  faftened  here  occaflonally. 

The  fcale  on  the  limb  is  divided  into  45  equal  parts 
or  degrees,  and  not  into  half  degrees  as  is  the  cafe  in 
Hadley’s  quadrant,  by  reafon  of  the  double  refledlion. 
Thefe  divifions  are  numbered  in  a retrogade  order  ; 
zero  being  at  the  extremity  of  the  further  radius. 
Although  the  limb  contains  45  degrees,  yet  the  greateft 
angle  which  can  be  meafured,  the  large  fpeculum  re- 
maining fixed  to  the  circular  plate,  is  10°  18'  21  ".8; 
the  diftance  between  the  two  centres  being  four  inches, 
and  the  radius  of  the  femicircle  one  inch.  Agreeable 
to  thefe  dimenfions,  the  Inventor  has  given  a table  ex- 
hibiting the  value  of  each  primary  divifion  on  the  limb  ; 
he  hath  alfo,  given  a more  ample  table,  adapted  to  a di- 
ftance between  the  centres  of  three  times  the  radius  of 
the  femicircle,  which  he  fays  hath  been  found  the  moft 
convenient  in  pradfice.  If  an  angle  greater  than  18' 
is  wanted,  it  may  be  meafured  by  the  method  of  antici- 
pation., as  the  inventor  calls  it,  which  is  as  follows  ; 
Let  the  fcrew  which  fattens  the  two  circular  plates  on 
the  upper  centre  be  made  faft,  and  loofen  the  fcrew 
which  fattens  the  upper  circular  plate  to  the  inftru- 
ment : Now  adjuft  the  glaffes  by  the  ufual  method  ; 
bring  forward  the  index  to  any  given  divifion  on  the 
limb,  and  make  it  faft  ; alfo  fatten  the  fcrew  which  was 
before  loofe,  and  loofen  the  other  fcrew  ; then  bring  the 
index  to  zero,  and  proceed  as  before. 

The  inventor  gives  the  following  direffions  for  ad- 
jufting  and  ufing  the  inflrument. 

The  firft  thing  to  be  attended  to  is,  to  fet  the  hori- 
zon-glafs  perpendicular  to'the  plane  of  the  inflrument, 
which  is  performed  as  follows  : Hold  the  inflrument 
with  its  plane  perpendicular  to  the  horizon,  and  look 
over  backwards  into  the  glafs  and  beyond  it.  If  the 
limb  of  the  inflrument  appears  in  a right  line  with  its 
refledlion,  the  glafs  is  upright ; but  if  it  does  not  ap- 
pear fo,  loofen  or  tighten  the  little  fcrew  on  the  foot  of 
the  glafs  until  it  be  adjufted  ; Then  with  the  inftrument, 
as  in  taking  an  altitude,  look  through  the  fight  vane 
or  telefcope  at  fome  diftant  objedl,  with  the  index  fixed 
in  any  intended  fituation  ; the  two  fcrews  at  the  upper 
centre  being  loofe,  turn  the  glafs  about  till  the  fame 
objedl  appears  nearly  in  the  fame  part  of  the  horizon- 
glafs : Next  hold  it  in  a horizontal  pofition,  and  adjuft 
the  objecr-glafs  or  large  fpeculum  with  the  fcrews  which 
are  behind  and  before,  on  the  foot  of  it,  till  the  obje(fl: 
and  its  refledion  are  feen  in  the  fame  horizontal  line. 
Laftly,  with  the  inflrument  upright,  turn  the  tangent- 
fcrew  belonging  to  the  horizon-gla.^s  at  the  back  of  the 
Inftrument,  until  there  be  a perfedl  coincidence  of  the 
objedt  and  its  refledlion  that  way,  and  the  adjuttments 
are  complete. 

ANTIPARALLELS,  in  geometry,  are  thofe  lines 
which  make  equal  angles  with  two  other  lines,  but  con- 
trary ways ; that  is,  calling  the  former  pair  the  firft  and 
fecond  lines,  and  the  1 itter  pair  the  third  and  fourth 
lines,  if  the  angle  made  by  the  firft  and  third  lines  be 
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equal  to  the  angle  made  by  the  fecond  and  fourth,  and  Antonio 

contrariwife  the  angle  made  by  the  firft  and  fourth  equal  II 

to  the  angle  made  by  the  fecond  and  third  ; then  each 

pair  of  lines  are  antiparallels  with  refped  to  each  other, 

viz.  the  firft  and  fecond,  and  the  third  and  fourth.  So,  Plate  II. 

if  AB  and  AC  be  any  two  lines,  and  FC  and  FE  be 

two  others,  cutting  themfo, 

that  the  angle  B is  equal  to  the  angle  E, 
and  the  angle  C is  equal  to  the  angle  D ; 
then  BC  and  DE  are  antiparallels  with  refpefl  to  AB 
and  AC  ; alfo  thefe  latter  are  antiparallels  with  regard 
to  the  two  former.  It  is  a property  of  thefe  lines,  that 
each  pair  cuts  the  other  into  proportional  fegments,  tak- 
ing them  alternately, 

viz.  AB  : AC  : : AE  : AD  : : DB  : EC, 
and  FE  ; FC  : : FB  : FD  : : DE  ; BC. 

ANTONIO  De  Suchitepec,  St.  a town  in 
Mexico  or  New  Spain,  on  the  coaft  of  the  Pacific 
Ocean.  N.  lat.  15.  W.  long.  93  5. — Morse. 

Antonio,  St.  the  capital  of  the  piovince  of 
Apachiera,  in  New-Mexico. — ih. 

Antonio,  a town  in  the  province  of  Navarre,  in 
North-America,  on  a river  which  runs  S.  W.  into 
the  Gulph  of  California. — ih. 

A NTONio,  Cape  St.  the  moft  weftern  point  of  the 
ifland  of  Cuba ; having  on  the  N.  W.  a number  of 
iflets  and  rocks,  called  Los  Colorados,  betv/een 
which  and  the  cape  is  the  channel  of  Guaniguanica. 

N.  lat.  22.  15.  W.  long.  85-I-. — ih- 

Antonio  De  Cabo,  St.  a town  in  Brazil,  in  South- 
America,  near  Cape  St.  Auguftine,  fubjed  to  the 
Portuguefe.  Here  they  make  a confiderable  quantity 
of  fugar.  S.  lat.  8.  34.  W.  long.  35.  22. — ib. 

Antonio  St.  a town  in  New-Mexico,  on  the  W. 
fide  of  Rio  Bravo  River,  below  St.  Gregoria.  Alfo, 
the  name  of  a town  on  the  river  Hondo,  which  falls 
into  the  Gulf  of  Mexico,  N.  E.  of  Rio  de  Brava  ; 
and  on  the  eaftern  fide  of  the  river,  S.  by  W.  from 
Texas. — ib. 

ANTERIM,  a townfhip  in  Hillfborough  county, 
New-Hampfhire,  having  528  inhabitants,  incorporat- 
ed in  1777  ; 75  miles  W.  of  Portfmouth,  and  about 
the  fame  diftance  N.  W.  of  Bofton. — ib. 

ANVILLE,  or  Miller's  Tonun,  in  Dauphine  coun- 
ty, Pennfylvania,  at  the  head  of  Tulpehocken  Creek. 

When  the  canal  between  the  Sufquehannah  and 
Schuylkill,  along  thefe  creeks.  Is  completed,  this  town 
will  probably  rife  to  fome  confequence.  It  lies  18 
miles  N.  E.  by  E.  from  Harrifburg,  and  65.  N.  W. 
from  Philadelphia. — ib. 

ANZERMA,  is  a town  and  province  of  Popayan, 
in  South-America,  having  mines  of  gold.  It  is  feated 
on  the  river  Coca.  N.  lat.  4.  58. — ib. 

APACHIERA,  an  audience  and  province  of  New- 
Mexico,  whofe  capital  is  St.  Fe,  in  N.  lat.  36.  30. 

W.  long.  104. — ib. 

APALACHES  or  St.  Mark's  H.  rifes  in  the  coun- 
try of  the  Seminole  Indians,  in  E.  Florida,  in  N.  lat. 

31.  30.  near  the  N.  W.  fource  of  Great  Satilla  River; 
runs  S.  W through  the  Apalachy  country,  into  the 
bay  of  Apalachy,  in  the  Gulph  of  Mexico,  about  15 
miles  below  St.  Mark’s.  It  runs  about  135  miles, 
and  falls  into  the  Bay  near  the  mouth  of  Apalachi- 
cola River. — ib. 

APALACHICOLA,  a river  between  E,  and  W. 

C 2 Florida, 
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Apalachi-  Florida,  having  its  fource  in  the  Apalachian  Moun- 
tains,  in  the  Cherokee  country,  within  ten  miles  of 
- Tugnloo,  the  upper  branch  of  Savannah  River. 

From  its  fource  to  the  mouth  of  Flint  River,  a dif- 
tance  of  300  miles,  it  is  called  Chata-Uche,  or  Chata- 
hooche  River,  Flint  River  falls  into  it  from  the  N. 
E.  below  the  Lower  Creek  Towns,  in  N.  lat.  31. 
From  thence  it  runs  near  80  miles  and  falls  into  the 
Bay  of  Apalachy,  or  Apalachicola,  in  the  Gulf  of 
Mexico,  at  Cape  Blaize.  From  its  fource  to  the  33d 
deg.  of  N.  lat.  its  courfe  is  S.  W.  from  thence  to  its 
mouth  it  runs  nearly  S.  See  Chata-Ucha  and  Flint 
Rivers. — ib. 

Apalachicola,  is  likewife  the  name  ur  the  mother 
town  or  capital  of  the  Creek  or  Mufcogulge  confede- 
racy, called  Apalachucla  by  Bartram.  It  is,  fays  he, 
facred  to  peace  ; no  captives  are  put  to  death  or  hu- 
man blood  fpilt  here : and  when  a general  peace  is 
propofed,  deputies  from  all  the  towns  in  the  confede- 
racy meet  here  to  deliberate.  On  the  other  hand, 
the  great  Coweta  Town,  12  miles  his;her  up  the  Cha- 
ta-Uche River,  is  called  the  Bloody  ’Tovunt  where  the 
Micos  chiefs  and  warriors  afl'emble  when  a general  vrar 
is  propofed  ; and  there  captives  and  Hate  malefacftors 
are  put  to  death.  Apalachicola  is  fituated  a mile 
and  an  half  above  the  ancient  town  of  that  name, 
which  was  fituated  on  a peninfula  formed  by  the 
doubling  of  the  river,  but  defected  on  account  of  in- 
undations. The  town  is  about  3 days  journey  from 
Tallaflee,  a town  on  the  Tallapoofe  River,  a branch 
of  the  Mobile  River.  See  Coweta,  and  Fallajfee. — ib. 

APALACHY  Country,  extends  acrofs  Flint  and 
Apalaches  Rivers,  in  Eaft-Florida,  having  the  Semi- 
nole country  on  the  N.  E.  Apalachy,  or  Apalachya, 
is  by  fome  writers,  applied  to  a town  and  harbour  in 
Florida,  90  miles  E.  of  Penfacola,  and  the  fame  dif- 
tance  W.  from  Del  Spiritu  Santo  River.  The  tribes 
of  the  Apalachian  Indians  lie  around  it. — ib. 

APERTURE,  in  optics,  has  been  defined  in  the 
Encyclopaedia,  but  no  rule  was  given  there  for  finding 
a juft  aperture.  As  much  depends  upon  this  cii  cum- 
ftance,  our  optical  readers  will  be  pleafed  with  the  fol- 
lowing pradtical  rule  given  by  Dr  Hutton  in  his  Mathe- 
matical Didlionary.  “ Apply  feveral  circles  of  dark 
paper,  of  various  fizes,  upon  the  face  of  the  glals,  from 
the  breadth  of  a ftraw  to  fuch  as  leave  only  a fmall  hole 
in  the  glafs  ; and  with  each  of  thefe,  feparately,  view 
fome  diftant  objedl,  as  the  moon,  ftars,  &c.  then  that 
aperture  is  to  be  chofen  through  which  they  appear  the 
moft  diftindtly, 

“ Huygens  firft  found  the  ufe  of  apertures  to  con- 
duce much  to  the  perfection  of  telefcopes ; and  he  found 
by  experience  (Dlopt.  prop.  56.),  that  the  beft  aper- 
ture for  an  objedl-glafs,  for  example  of  30  feet,  is  to  be 
determined  by  this  proportion,  as  30  to  3,  fo  is  the 
fquare  root  of  30  times  the  diftance  of  the  focus  of  any 
lens  to  its  proper  aperture  : and  that  the  focal  diftances 
of  the  eye-glalTes  are  proportioned  to  the  apertures. 
And  M.  Auzout  fays  he  found,  by  experience,  that  the 
apertures  of  telefcopes  ought  to  be  nearly  in  the  fub- 
duplicate  ratio  of  their  lengths.  It  has  alfo  been  found 
by  experience,  that  objeft-glaffes  will  admit  of  greater 
apertures,  if  the  tubes  be  blacked  within  fide,  and  their 
paffagefurnifhed  with  wooden  rings. 

“ It  is  to  be  noted,  that  the  greater  or  lefs  aperture 


of  an  objedl-glafs,  does  not  increafe  or  diminifli  the  vl-  Apocata- 
fible  area  of  the  objedt  ; all  that  is  eflfedled  by  this  is 
the  admittance  of  more  or  fewer  rays,  and  confequently  Apparent, 
the  more  or  lefs  bright  the  appearance  of  the  objedt. 

But  the  largenefs  of  the  aperture  or  focal  diftance  caufes 
the  Irregularity  of  its  refradtions.  Hence,  in  viewing 
Venus  through  a telefcope,  a much  lefs  aperture  is  to 
be  ufed  than  for  the  moon,  or  Jupiter,  or  Saturn,  be- 
caufe  her  light  is  fo  bright  and  glaring.  And  this  cir- 
cumftance  fomewhat  invalidates  and  difturbs  Azout’s 
proportion,  as  is  fliown  by  Dr  Hook,  Phil.  Tranfi 
N"  4.” 

APOCATASTASIS,  or,  as  it  (hould  be  written, 
Ai'okatastasis,  is  a Greek  word  employed  in  the 
language  of  aftronomers,  to  denote  the  period  of  a pla- 
net, or  the  time  It  takes  to  return  to  that  point  of  the 
zodiac  whence  it  fet  out. 

APO(^ENEMY  Creek,  falls  Into  Delaware  Bay 
from  Middletown,  in  New-caftle  county,  Delaware, 
a mile  and  an  half  below  Reedy  Ifland.  A canal  is 
propofed  to  extend  from  the  fouthern  branch  of  this 
creek,  at  about  4 miles  from  Middletown,  to  the 
head  of  Bohemia  River,  nearly  8 miles  diftant ; which 
will  form  a water  communication  between  Delaware 
Bay,  and  that  of  Chefapeak,  through  Elk  River. — ib. 

APPLE  IJland,  a fmall  uninhabited  ifland  in  St. 
Lawrence  River,  in  Canada,  on  the  S.  fide  of  the 
river,  between  Bafque  and  Green  Iflands.  It  is  fur- 
rounded  by  rocks,  which  renders  the  navigation  dan- 
gerous.— ib. 

Apple  Town,  an  Indian  village  on  the  E.  fide  of 
Seneca  Lake,  in  New- York,  between  the  townfhips  of 
Ovid  on  the  S.  and  Romulus  on  the  N. — ib. 

APPOMATOX,  Is  the  name  of  a fouthern  branch 
of  James  River,  in  Virginia.  It  may  be  navigated 
as  far  as  Broadways,  8 or  10  miles  from  Bermuda 
Hundred,  by  any  veffel  which  has  crofled  Harrifon’s 
Bar,  in  James  River.  It  has  8 or  9 feet  water  a 
mile  or  two  farther  up  to  Fiftier’s  Bar,  and  4 feet  on 
that  and  upwards  to  Peterfburg,  where  all  navigati- 
on ceafes. — ib. 

APOLO  BAMA,  ajurifdiction  confiding  of  mlflions 
belonging  to  the  Francifeans,  fubje<ft  to  the  bifliop  of 
Cufeo,  60  leagues  from  that  city,  in  the  empire  of 
Peru.  Thefe  confift  of  7 towns  of  converted  Indians. 

To  protedl  thefe  from  the  infults  of  the  other  Indi- 
ans, and  to  give  credit  to  the  millionaries,  a militia 
is  kept  here,  under  a major-general,  formed  by  the 
inhabitants. — ib. 

APOTOME,  is  a term  employed  by  Euclid  to  de- 
note the  difference  between  two  lines  or  quantities  which 
are  only  commenfurable  In  power.  Such  is  the  diffe- 
rence between  t and  y'z,  or  the  difference  between  the 
fide  of  a fquare  and  its  diagonal.  The  dodtrine  of  apo- 
tomes  in  lines,  as  delivered  by  this  ancient  mathemati- 
cian in  the  tenth  book  of  his  Elements,  is  a very  cu- 
rious fubjedf,  and  has  always  been  admired  by  fuch  as 
underftood  it.  The  firft  algebraical  writers  in  Europe, 
fuch  as  Lucas  de  Burgo,  Cardan,  Tartalea,  Stifelius, 

&c.  employed  a confiderable  portion  of  their  works  on 
an  algebraical  expofition  of  that  which  led  them  to  the 
dodtrine  of  furd  quantities. 

APPARENT  coNjuMCTioH  of  the  planets,  Is  when 
a right  line  fuppofed  to  be  drawn  through  their  centres, 
paffes  through  the  eye  of  the  fpedlator,  and  not  through 

the 
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Apparent  the  centre  of  the  earth.  And,  in  general,  the  apparent 
II  conjunction  of  any  objeCts,  is  when  they  appear  or  are 
placed  in  the  fame  right  line  with  the  eye. 

Apparent  Diameter  of  a planet  or  other  heavenly 
body,  is  not  the  real  length  of  the  diameter  of  that  body, 
but  the  angle  which  it  fubtends  at  the  eye,  .or  under 
which  it  appears. 

Apparent  Diflance,  is  that  which  we  judge  an  objefl 
to  be  from  us,  when  feen  afar  off ; and  which  is  almofl 
always  very  different  from  the  true  diftance. 

Apparent  Figure^  is  the  figure  or  fhape  under  which 
an  object  appears  when  viewed  at  a diftance ; and  is 
often  very  different  from  the  true  figure.  Thus  a 
ftraight  line,  viev/ed  at  a diftance,  may  appear  but  as  a 
point ; a furface,  as  a line  ; and  a folid,  as  a furface. 

Apparent  Motion^  is  either  that  motion  which  we 
perceive  in  a diftant  body  that  moves,  the  eye  at  the 
fame  time  being  either  in  motion  or  at  reft  ; or  that 
motion  which  an  objeCl  at  reft  feems  to  have,  while  the 
eye  itfelf  only  is  in  motion. 

Apparent  Place  of  a Planet,  &c.  in  aftronomy,  is 
that  point  in  the  furface  of  the  fphere  of  the  world 
where  the  centre  of  the  luminary  appears  from  the  fur- 
face of  the  earth. 

APPARITION,  in  aftronomy,  denotes  a ftar’s  or 
other  luminary’s  becoming  vifible,  which  before  was  hid. 
So,  the  heliacal  rifing,  is  rather  an  apparition  than  a 
proper  rifing. 

APURIMA,  or  Aporamac,  a very  rapid  river  in 
Peru,  South-America,  30  miles  from  the  river  Aban- 
zai. — Morse. 

AQUAFORT,  a fettlement  on  the  E.  fide  of  the 
fouth-eaftern  extremity  of  Newfoundland  Ifland,  lat. 
47.  10.  N. — ih. 

AQUEDOCHTON,  the  outlet  of  lake  Wlnnipi- 
feogee,  in  New-Hamplhire,  N.  lat.  43.  40.  whofe 
waters  pafs  through  feveral  fmaller  ones  in  a S.  W. 
courfe,  and  empty  into  Merrimack  River,  between 
the  towns  of  Sanburn  and  Canterbury. — ib. 

ARARAT,  Mount  ox  Stone  Head,  a fhort  range 
of  mountains  on  the  N.  frontier  of  North-Carolina,  in 
a N.  E.  direction  from  Ararat  River,  a N.  W.  branch 
of  Yadkin  River. — ib. 

ARATHAPESCOW,  an  Indian  tribe  inhabiting 
the  fhores  of  the  lake  and  river  of  that  name,  in  the 
N.  W.  part  of  North- America,  between  the  latitudes 
of  57.  and  59.  N.  North  of  this  nation’s' abode,  and 
near  the  ArCtic  Circle,  is  Lake  Edlande,  around  wdrich 
live  the  Dog  Ribbed  Indians. — ib. 

ARAUCO,  a fortrefs  and  town  of  Chili,  in  South- 
America  ; fituated  in  a fine  valley,  on  a river  of  the 
fame  name,  N.  by  W,  from  Baldivia.  The  native 
Indians  are  fo  brave  that  they  drove  the  Spaniards 
out  of  their  country,  though  deftitute  of  fire-arms.  S. 

37-  3°-  W.  long,  73.  20. — ib. 

ARAZTBO,  one  of  the  principal  places  in  Porto 
Rico  Ifland,  in  the  Weft-Indies.  It  has  few  inhabit- 
ants, and  little  trade  but  fmuggling. — ib. 

ARC  AS,  an  ifland  in  the  Gulf  of  Mexico,  in  the 
Bay  of  Campeachy.  Lat.  20.  long.  92.  50. — ib. 

ARCH,  in  building,  is  an  artful  difpofition  and  ad- 
I juftment  of  feveral  lionesor  bricks,  generally  in  a bow- 
^acd  form,  by  which  their  weight  produces  a mutual 

^ ' preflure  and  abutment ; fo  that  they  not  only  fupport 
each  other,  and  perform  the  office  of  an  entire  lintel, 
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but  may  be  extended  to  any  width,  and  made  to  carry  .Arch, 
the  moft  enormous  weights. 

In  thofe  mild  climates  w'hich  feem  to  have  been  the 
firft  inhabited  parts  of  this  globe,  mankind  ftood  more 
in  need  of  fiiade  from  the  fun  than  of  fhelter  from  the 
inclemency  of  the  weather.  A very  fmall  addition  to 
the  fhade  of  the  woods  ferved  them  for  a dwelling. 

Sticks  laid  acrofs  from  tree  to  tree,  and  covered  with  a 
brufhwood  and  leaves,  formed  the  firft  hoiifes  in  thofe 
delightful  regions.  As  population  and  the  arts  impro- 
ved,  thefe  huts  were  gradually  refined  into  commodious  nedledwith 
dwellings.  The  materials  were  the  fame,  but  more  art-  arches, 
fully  put  together.  At  laft  agriculture  led  the  inhabi- 
tants out  of  the  w'oods  into  the  open  country.  The 
connexion  between  the  inhabitant  and  the  foil  became 
now  more  conftant  and  more  interefting.  The  wifli 
to  preferve  this  connection  was  natural,  and  fixed  efta- 
blifnments  followed  of  courfe.  Durable  buildings  were 
more  defirable  than  thofe  temporary  and  perilhable  cot- 
tages— ftone  was  fubftituted  for  timber. 

But  as  thefe  improved  habitations  were  gradual  re- 
finements on  the  primitive  hut,  traces  of  its  conftrudtion 
remained,  even  when  the  choice  of  more  durable  mate- 
rials made  it  in  fome  meafure  inconvenient.  Thus  ic 
happened,  that  while  a plain  building,  intended  for  ac- 
commodation only,  confifted  of  walls,  pierced  with  the 
neceffary  doors  and  windows,  an  ornamented  building 
had,  fuperadded  to  thefe  efientials,  columns,  wfith  the 
whole  apparatus  of  entablature,  borrowed  from  the 
wooden  building,  of  which  they  had  been  eftential  parts, 
gradually  rendered  more  fuitable  to  the  purpofes  of  ac- 
commodation and  elegance. 

This  view  of  ornamental  archite<ffure  will  go  far  to  . ^ r 
account  for  fome  of  the  more  general  differences  of  na-  °j. 

tional  ftyle  which  may  be  obferved  in  different  parts  of  chitedurc. 
the  world.  The  Greeks  borrowed  many  of  their  arts 
from  their  Afiatic  neighbours,  who  had  cultivated  them 
long  before.  It  is  highly  probable  that  architeffure 
travelled  from  Perfia  into  Greece.  In  the  ruins  of  Shu- 
fhan,  Perfepolis,  or  Tchilminar,  are  to  be  feen  the  firft 
models  of  every  thing  that  diftinguiflies  the  Grecian  ar- 
chitedlures.  There  is  no  doubt,  we  fuppofe,  among 
the  learned,  as  to  the  great  priority  of  thefe  monuments 
to  any  thing  that  remains  in  Greece ; efpecially  if  we 
take  into  account  the  tombs  on  the  mountains,  which 
have  every  appearance  of  greater  antiquity  than  the  re- 
mains of  Perfepolis.  In  thofe  tombs  we  fee  the  whole 
ordonnance  of  column  and  entablature,  juft  as  they  began 
to  deviate  from  their  firft  and  neceffary  forms  in  the 
wooden  buildings.  We  have  the  architrave,  frize,  and 
corniche  ; the  far-projedling  mutules  of  the  Tufcan  and 
Doric  orders ; the  modillions  no  lefs  diftinff  ; the  rudi- 
ments of  the  Ionic  capital  ; the  Corinthian  capital  in 
perfedion,  pointing  out  the  very  origin  of  this  orna- 
ment, viz.  a number  of  long  graceful  leaves  tied  round 
the  head  of  the  column  with  a fillet  (a  cuftom  which  we 
know  to  have  been  common  in  their  temples  and  ban- 
queting rooms).  Where  the  diftance  between  the  co- 
lumns is  great,  fo  that  each  had  to  fupport  a weight  too 
great  for  one  tree,  we  fee  the  columns  cluftered  or  flu- 
ted, &c.  In  lliort,  we  fee  every  thing  of  the  Grecian 
architecture  but  the  Hoped  roof  or  pediment ; a thing 
not  wanted  in  a country  where  it  hardly  ever  rains. 

The  ancient  Egyptian  architeffure  feems  to  be  a re-  4 
finement  on  the  hut  built  of  clay,  or  unburnt  bricks  mix- 
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ed  with  flraw — every  thing  is  maflive,  clumfy,  and  timid 
— fmall  intercolumnations,  and  hardly  any  projedions. 

The  Arabian  architediure  feems  a refinement  on  the 
tent.  A mofque  is  like  a little  camp,  confifting  of  a 
number  of  little  bell  tents,  ftuck  clofe  together  round  a 
great  one.  A caravanferay  is  a court  furrounded  by  a' 
row  of  fuch  tents,  each  having  its  own  dome.  The 
Greek  church  of  St  Sophia  at  Conftantinople  has  imi- 
tated this  in  fome  degree  ; and  the  copies  from  it,  which 
have  been  multiplied  in  Ruffia  as  the  facred  form  for  a 
Chriftian  church,  have  adhered  to  the  original  model  of 
cluttered  tents  in  the  ftrideft  manner.  We  are  fome- 
times  difpofed  to  think  that  the  painted  glafs  (a  fafhion 
brought  from  the  Eaft)  was  an  imitation  of  the  painted 
hangings  of  the  Arabs. 

The  Chinefe  architedure  is  an  evident  imitation  of  a 
■ wooden  building.  Sir  Geo.  Staunton  fays,  that  the  fm- 
gular  form  of  their  roofs  is  a profejfed  imitation  of  the 
cover  of  a fquare  tent. 

In  the  ttone  buildings  of  the  Greeks,  the  roofs  were 
imitations  of  the  wooden  ones ; hence  the  lintels,  flying 
corniches,  ceilings  in  compartments,  &c. 

The  pediment  of  the  Greeks  feems  to  have  fuggefted 
the  greateft  improvement  in  the  art  of  building.  In 
ereding  their  fmall  houfes,  they  could  hardly  fail  to  ob- 
ferve  occafionaliy,  that  when  two  rafters  were  laid  to- 
gether from  the  oppofite  walls,  they  would,  by  leaning 
on  each  other,  give  mutual  fupport,  as  in  fig.  i.  Nor 
is  it  unlikely  that  fuch  a fituation  of  ftones  as  is  repre- 
fented  in  fig.  2.  would  not  unfrequently  occur  by  acci- 
dent to  mafons.  This  could  hardly  fail  of  exciting  a 
little  attention  and  refledion.  It  was  a pretty  obvious 
refledion,  that  the  ftones  A and  C,  by  overhanging, 
leaned  againtt  the  intermediate  ttone  B,  and  gave  it 
fome  fupport,  and  that  B cannot  get  down  without 
thrutting  afide  A and  C,  or  the  piers  which  fupport 
them.  This  was  an  approach  to  the  theory  of  an  arch  ; 
and  if  this  be  combined  with  the  obfervation  of  fig.  i. 
we  get  the  difpofition  reprefented  in  fig.  3.  having  a 
perpendicular  joint  in  the  middle,  and  the  principle  of 
the  arch  is  completed.  Obferve  that  this  is  quite  differ- 
ent from  the  principle  of  the  arrangement  in  fig.  2, 
In  that  figure  the  ftones  ad  as  wedges,  and  one  can- 
not get  down  without  thrutting  the  reft  afide  ; the  fame 
principle  obtains  in  fig.  4.  confifting  of  five  arch  ftones  ; 
but  in  fig,  3.  the  ftones  B and  C fupport  each  other  by 
their  mutual  preiTure  (independent  of  their  own  weight), 
aiifing  from  the  tendency  c f each  lateral  pair  to  fall  out- 
wards from  the  pier.  This  is  the  principle  of  the  arch, 
and  w'ould  fupport  the  key-ftone  of  fig.  4.  although  each 
of  its  j(  ints  were  perpendicular,  by  renfon  of  the  great 
fridicn  arifing  from  the  horizontal  thruft  exerted  by 
the  adjoining  ftones. 

Tl.is  was  a moft  important  difcovery  in  the  art  of 
building  ; for  now  a building  of  any  width  may  be 
roofed  with  ftone. 

We  are  difpofed  to  give  the  Greeks  the  merit  of  this 
difcovery ; for  we  obferve  arches  in  the  moft  ancient 
buildings  of  Greece,  fuch  as  the  temple  of  the  fun  at 
Athens,  and  of  Apollo  at  Didymos  ; not  indeed  as 
I'oofs  to  any  apartment,  nor  as  parts  of  the  ornamental 
defign,  but  .or.cealed  in  the  wails,  covering  drains  or 
other  neccllary  openings ; and  we  have  not  found  any 
r/ra/ arches  in  any  monuments  of  ancient  Perfta  or  E- 
gypt.  Sir  John  Chardin  fpeaks  of  numerous  and  ex- 
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tenfive  fubterranean  paflages  at  Tchelminar,  built  of  the  Arch, 
moft  exquifite  mafonry,  the  joints  fo  exaff,  and  the 
ftones  fo  beautifully  drefted,  that  they  look  like  one 
continued  piece  of  polifhed  marble  ; but  he  nowhere 
fays  that  they  are  arched  ; a circumftance  which  we 
think  he  would  not  have  omitted — no  arched  door 
or  window  is  to  be  feen.  Indeed,  one  of  the  tombs 
is  faid  to  be  arch-roofed,  but  it  is  all  of  one  folid 
rock.  No  trace  of  an  arch  is  to  be  feen  in  the  ruins  of 
ancient  Egypt ; even  a w'ide  room  is  covered  with  a 
fingle  block  of  ftone.  In  the  pyramids,  indeed,  there 
are  two  galleries,  whofe  roofs  confift  of  many  pieces ; 
but  their  conftru<ftIon  puts  it  beyond  doubt  that  the 
builder  did  not  know  what  an  arch  was : for  it  is  co- 
vered in  the  manner  reprefented  in  fig,  5.  where  every 
projeding  piece  is  more  than  balanced  behind,  fo  that 
the  whole  aukward  mafs  could  have  ftood  on  two  pil- 
lars. The  Greeks  therefore  feem  entitled  to  the  honour 
of  the  invention.  The  arched  dome,  however,  feems  to 
have  arifen  in  Etruria,  and  originated  in  all  probability 
from  the  employment  of  the  augurs,  whofe  bufinefs  it 
was  to  obferve  the  flight  of  birds.  Their  ftations  for 
this  purpofe  were  tenipla,  fo  called  a templando,  “ on  the 
fumraits  of  hills.”  To  flielter  fuch  a perfoa  from  the 
weather,  and  at  the  fame  time  allow  him  a full  profpedl 
of  the  country  around  him,  no  building  was  fo  proper  as 
a dome  fet  on  columns ; which  accordingly  Is  the  figure 
of  a temple  in  the  moft  ancient  monuments  of  that  coun- 
try. We  do  not  recollefl:  a building  of  this  kind  in 
Greece  except  that  called  the  Lanthern  of  Uemojlhenesy 
which  is  of  very  late  date,  whereas  they  abounded  in 
Italy.  In  the  later  monuments  and  coins  of  Italy  or  of 
Rome,  we  commonly  find  the  Etrufcan  dome  and  the 
Grecian  temple  combined  ; and  the  famous  pantheon 
was  of  this  form,  even  in  Its  moft  ancient  ftate. 

It  does  not  appear  that  the  arch  was  confidered  as  a 
part  of  the  ornamental  architecture  of  the  Greeks  during 
the  time  of  their  independency.  It  is  even  doubtful 
whether  it  was  employed  in  roofing  their  temples.  In 
none  of  the  ancient  buildings  where  the  roof  is  gone, 
can  there  be  feen  any  rubbifh  of  the  vault,  or  mark  of  p 
the  fpring  of  the  arch.  It  is  not  unfrequent,  however.  It  was  ufed 
after  the  Roman  conquefts,  and  may  be  feen  in  Athens,  firjl  only 
Delos,  Palmyra,  Balbek,  and  other  places.  It  is  very 
frequent  in  the  magnificent  buildings  of  Rome  ; fuch 
as  the  Colifeum,  the  baths  of  Dioclefian,  ,and  the  tri- 
umphal arches,  where  its  form  is  evidently  made  the 
objecft  of  attention.  But  its  chief  employment  was  in 
bridges  and  aqueducts  ; and  it  is  in  thole  works  that 
its  immenfe  utility  is  the  moft  confpicuous : For  by  this 
happy  contrivance  a canal  or  a road  may  be  carried 
acrofs  any  ftream,  where  it  would  be  almoft  impoffible 
to  erecft  piers  fufficiently  near  to  each  other  for  carrying 
lintels.  Arches  have  been  executed  1 30  feet  wide,  and 
their  execution  demonftrates  that  they  may  be  made 
four  times  as  wide. 

As  fuch  ftupendous  arches  are  the  greateft  perform- 
ances of  the  mafonic  art,  fo  they  are  the  moft  difficult  10 
and  delicate.  When  we  reflecft  on  the  immenfe  quan-  Difficulty 
tity  of  materials  thus  fufpended  in  the  air,  and  compare  o/conftruc- 
this  with  the  fmall  cchefion  which  the  firmePc  cement 
can  give  to  a building,  we  fhall  be  convinced  that  it  is 
not  by  the  force  of  the  cement  that  they  are  kept  to- 
gether : they  ftand  fa  ft  only  in  confequence  of  the 
proper  balance  of  all  their  parts.  Therefore,  in  order 
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Arch,  the  buttrefs  which  was  to  withftand  thefe  thrufts  tnuft 
not  be  placed  on  the  fouth  fide  of  the  pier,  but  on  the 
fouth-eaft  fide,  or  that  there  muft  be  an  eaftern  as  well 
Such  as  are  as  a fouthern  buttrefs.  No  fuch  blunders  are  to  be  feen 
neverfound  in  a Gothic  cathedral.  Some  of  them  appear,  to  a care- 
in  a Gothic  jgfg  fpedator,  to  be  very  maffive  and  clumfy  ; but  when 
church.  judicioufly  examined,  they  will  be  found  very  bold  and 
light,  being  pierced  in  every  diredion  by  arcades,  and 
the  walls  are  divided  into  cells  like  a honeycomb,  fo 
that  they  are  very  fiiff,  while  they  are  very  light. 

About  the  middle,  or  rather  towards  the  end,  of  lafi 
century,  when  the  Newtonian  mathematics  opened  the 
road  to  true  mechanical  fcience,  the  conftrudion  of 
16  arches  engrofiedthe  attention  ofthefirft  mathematicians. 
Dr  Hooke’s  The  firft  hint  of  a principle  that  we  have  met  with  is 
principle  of  Hooke’s  alTeriion,  that  the  figure  into  which  a chain 
arches  j-^pg^  perfedly  flexible,  will  arrange  itfelf  when  fuf- 

pended  from  two  hooks,  is,  when  inverted,  the  proper 
form  for  an  arch  compofed  of  ftones  of  uniform 
weight.  This  he  affirmed  on  the  fame  principle  which 
is  made  ufe  of  in  the  Encyclopaedia  in  the  article 
Roof,  ^ 25.  viz.  that  the  figure  which  a flexible  fef- 
toon  of  heavy  bodies  aflumes,  when  fufpended  from  two 
points,  is,  when  inverted,  the  proper  form  for  an  arch 
of  the  fame  bodies,  touching  each  other  in  the  fame 
points  ; becaufe  the  forces  with  w'hich  they  mutually 
prefs  on  each  other  in  this  lafl  cafe,  are  equal  and  op- 
pofite  to  the  forces  with  which  they  pull  at  each  other 
in  the  cafe  of  fufpenfion. 

This  principle  is  ilridly  juft,  and  may  be  extended 
to  every  cafe  w'hich  can  be  propofed.  We  recolledt  fee- 
ing it  propofed,  in  very  general  terms,  in  the  St.  James’s 
Chronicle  in  1759,  when  plans  were  forming  for  Black- 
friar’s  Bridge  in  London  ; and  fince  it  is  perhaps  equal, 
in  pradtical  utility,  to  the  moft  elaborate  inveftigations 
of  the  mathematicians,  our  readers  will  not  be  difpleafed 
jy  with  a more  particular  account  of  it  in  this  place. 
Explained,  Let  ABC  (fig.  6.)  be  a parcel  of  magnets  of  any 
fize  and  lhape,  and  let  us  fuppofe  that  they  adhere  with 
great  force  by  any  points  of  contadl.  They  will  com- 
pofe  fuch  a flexible  feftoon  as  we  have  been  fpeaking 
of,  if  fufpended  from  the  points  A and  C.  if  this  fi- 
gure be  inverted,  preferving  the  fame  points  of  contadt, 
they  will  remain  in  equilibrio.  It  will  indeed  be  that 
kind  of  equilibrium  which  will  admit  of  no  difturbance, 
and  which  may  be  called  a tottering  equilibrium.  If  the 
form  be  altered  in  the  fmallelt  degree,  by  varying  the 
points  of  contadl  (wLich  indeed  are  points  in  the  figure 
of  equililration),  the  magnets  will  no  more  recover  their 
former  pofitlon  than  a needle,  which  we  had  made  to 
ftand  on  its  point,  will  regain  its  perpendicular  pofition 
after  it  has  been  difturbed. 

But  if  w'e  fuppofe  planes  de,fg,  h i,  &c.  drawn,  that 
the  points  of  mutual  contadt  a,  h,  c,  each  bifedting  the 
angle  formed  by  the  lines  that  unite  the  adjoining  con- 
tadls  {f  g,  for  example,  bhedting  the  angle  formed  by 
ab,  b c)y  and  if  we  fuppofe  that  the  pieces  are  changed 
for  others  of  the  fame  weights,  but  having  flat  fides, 
which  meet  in  the  planes  de,f g^  h i,  See.  it  is  evident 
that  we  lhall  have  an  arch  of  equilibration,  and  that  the 
arch  w'ill  have  fome  liability,  or  w'ill  bear  a little  change 
of  form  without  tumbling  down  : for  it  is  plain  that 
the  equilibrium  of  the  original  feftoon  obtained  only  in 
the  points  a,  I,  c,  of  contadl,  where  the  prelfures  were 
perpendicular  to  the  touching  furfaces ; therefore  if  the 


curve  a,  h,  c,  ftill  palfes  through  the  touching  furfaces  Arch, 
perpendicularly,  the  conditions  that  are  required  for 
equilibrium  ftill  obtain.  The  cafe  is  quite  fimllar  to 
that  of  the  liability  of  a body  refting  on  a horizontal 
plane.  If  the  perpendicular  through  the  centre  of  gra- 
vity falls  within  the  bafe  of  the  body,  it  will  not  only 
ftand,  but  will  require  fome  force  to  pufli  it  over.  In 
the  original  feftoon,  if  a fmall  weight  be  added  in  any 
part,  it  will  change  the  form  of  the  curve  of  equilibra- 
tion a little,  by  changing  the  points  of  mutual  contadt. 

This  new  curve  will  gradually  feparate  from  the  former 
curve  as  it  recedes  from  A or  C.  In  like  manner,  when 
the  feftoon  is  fet  up  as  an  arch,  if  a fmall  w'eight  be 
laid  on  any  part  of  it,  it  will  bring  the  whole  to  the 
ground,  becaufe  the  fhifting  of  the  points  of  contadt 
will  be  juft  the  contrary  to  what  it  fhould  be  to  fuit 
the  new  curve  of  equilibration.  But  if  the  fame  weight 
be  laid  on  the  fame  part  of  the  arch  now  conftrudted 
with  flat  joints,  it  will  be  fuftained,  if  the  new  curve  of 
equilibration  ftill  paftes  through  the  touching  furfaces. 

Thefe  conclufions,  w'hich  are  very  obvioufly  dedu- 
cible  from  the  principle  of  the  feftoon,  Ihew'  us,  without 
any  further  difeuffion,  that  the  longer  the  joints  are, 
the  greater  will  be  the  ftability  of  the  arch,  or  that  it 
will  require  a greater  force  to  break  it  down.  There- 
fore it  is  of  the  greateft  importance  to  have  the  arch 
ftones  as  long  as  economy  will  permit ; and  this  was  the 
great  ufe  of  the  ribs  and  other  apparent  ornaments  in 
the  Gothic  architedlure.  The  great  projedlions  of  thofe 
ribs  augmented  their  ftiffnefs,  and  enabled  them  to  fup- 
port  the  unadorned  copartments  of  the  roof,  compofed 
of  very  fmall  ftones,  feldom  above  fix  inches  thick. 

Many  old  bridges  are  ftill  remaining,  which  are  ftrength- 
ened  in  the  fame  way  by  ribs. 

Having  thus  explained,  in  a very  familiar  manner, 
the  ftability  of  an  arch,  we  proceed  to  give  the  fame 
popular  account  of  the  general  application  of  the  prin- 
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Suppofe  it  to  be  required  to  afeertain  the  form  of  an  ^p. 

arch  which  lhall  have  the  fpan  AB  (fig.  7.J,  and  the  plied, 
height  F 8,  and  w'hich  fliall  have  a road-way  of  the  di- 
menfions  CDE  above  it.  Let  the  figure  ACDEB  be 
inverted,  fo  as  to  form  a figure  A.c  d e'S>.  Let  a chain 
of  uniform  thicknefs  be  fufpended  from  the  points  A 
and  B,  and  let  it  be  of  fuch  a length  that  its  lower 
point  will  hang  at,  or  rather  a little  below,  f corre- 
fponding  to  F.  Divide  AB  into  a number  of  equal 
parts,  in  the  points  i,  2,  3,  See.  and  draw  vertical  lines, 
cutting  the  chain  in  the  cerrefponding  points  1,  2,  3, 

&c.  Now  take  pieces  of  another  chain,  and  hang  them 
on  at  the  points  i,  2,  3,  &c.  of  the  chain  A/B.  This 
will  alter  the  form  of  the  curve.  Cut  or  trim  thefe 
pieces  of  chain,  till  their  lower  ends  all  coincide  with 
the  inverted  road-way  c d e.  The  greater  lengths  that 
are  hung  on  in  the  vicinity  of  A and  B will  pull  down 
thefe  points  of  the  chain,  and  caufe  the  middle  pointy 
(which  is  lefs  loaded)  to  rife  a little,  and  will  bring  it 
near  to  its  proper  height. 

It  is  plain  that  this  procefs  will  produce  an  arch  of 
perfect  equilibration  ; but  fome  farther  confiderations 
are  neceffary  for  making  it  exadly  fiiit  our  purpofe. 

It  is  an  arch  of  equilibration  for  a bridge,  that  is  fo 
loaded  that  the  weight  of  the  arch  ftones  is  to  the 
weight  of  the  matter  with  which  the  haunches  and. 
crown  are  loaded,  as  the  weight  of  the  chain  A/  B is 
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Arcli.  a level ; for  the  fecant  of  CV  is  twice  CO,  and  there- 
fore C f is  8 times  V v,  which  is  4th  of  VH. 

The  dotted  line  v g cf  h drawn  according  to  this 
calculus  or  conrtrudlion.  It  falls  confiderably  below 
the  horizontal  line  in  the  neighbourhood  of  c ; and  then, 
paffing  very  obliquely  through  c,  it  rifes  rapidly  to  an 
unmeafurable  height,  becaufe  the  vertical  line  through 
A is  its  aflymptote.  This  muft  evidently  be  the  cafe 
w’ith  every  curve  w^hich  fprings  at  right  angles  with  a 
horizontal  line. 

It  is  plain  that  if  V be  greater,  all  the  other  ordi- 
nates of  the  curve  v g cf,  reding  on  the  circumference 
AVE,  will  be  greater  in  the  fame  proportion,  and  the 
curve  will  cut  the  horizontal  line  drawn  through  v in 
fome  point  nearer  to  v than  c is.  Hence  it  appears 
that  a circular  arch  cannot  be  put  in  equilibrio  by 
building  on  it  up  to  a horizontal  line,  whatever  be  its 
fpan,  or  whatever  be  the  thicknefs  at  the  crown.  We 
have  feen  that  when  this  thicknefs  is  only  -rVh  °f  the 
radius,  an  arch  of  1 20  degrees  will  be  too  much  loaded 
at  the  flanks.  This  thicknefs  is  much  too  fniall  for  a 
bridge,  being  only  ^th  of  the  fpan  CM,  whereas  it 
fhould  have  been  almoil  double  of  this,  to  bear  the  ine- 
qualities cf  weight  that  may  occafionally  be  on  it. 
When  the  crown  is  made  ftill  thinner,  the  outline  is  ftill 
more  depreffed  before  it  rifes  again.  There  is  therefore 
a certain  fpan,  with  a correfponding  thicknefs  at  the 
crown,  which  will  deviate  Icafl  of  all  from  a horizontal 
line.  This  is  an  arch  of  about  54  degrees,  the  thick- 
nefs at  the  crow'n  being  about  one-fouith  of  the  fpan, 
which  is  extravagantly  great.  It  appears  in  general  there- 
fore, that  the  circle  is  not  a curve  fuited  to  the  pur- 
pofes  of  a bridge  or  an  arcade,  which  requires  an  out- 
line nearly  horizontal. 

Examp.  2.  Letthecurve  beaparabola  AVE  (fig.  1 1.), 
of  which  V is  the  vertex,  and  DG  the  diredlrix.  Draw 
the  diameters  DCF,  GVN,  the  tangent  CK,  VP,  and 
the  ordinates  VF  and  CN.  It  is  well  known  that  GV 
IS  to  DC  as  VP*  to  CK*,  or  as  CN*  to  CK*.  Alfo 
2 GV  is  the  radius  of  the  ofculating  circle  at  V,  and 
2 DC  is  one-half  of  the  vertical  cord  of  the  ofculating 

circle  at  C.  Therefore  CN*  : CK*  (or_y*  : x*)=:R  : j. 


andf=-v-R.  But  C r,  or^  = Hx- 


z“R 


^=Hx- 


R 


tv. 


TT  ^ 

= Hx- 

»■ 


R 


R 


in  the  invefiigation,  becaufe  we  wlfli  to  inflru>5l  the  Arch, 
practical  engineer,  who  may  not  be  a proficient  in  the 
higher  mathematics. 

The  converfe  of  the  problem,  namely,  to  find  the  25 
form  of  the  arch  when  the  figure  of  the  back  of  it  is  To  find  the 
given,  is  the  mofl:  ufual  queftion  of  the  two,  at  lead  in 
cafes  which  are  moft  important  and  mofl;  difficult.  Of  wnen 
tnele  perhaps  bridges  are  the  chief.  Here  the  neceffity  of  its  bask 
of  a road-v/ay,  of  eafy  and  regular  afeent,  confines  us  i»  given, 
to  an  outline  nearly  horizontal,  to  which  the  curve  of 
the  arch  muft  be  adapted.  This  is  the  moft  difficult 
problem  of  the  two  ; and  we  doubt  whether  it  can  be 
folved  without  employing  infinite  approximating  feriefes 
inftead  of  accurate  values. 

Let  ave  (fig.  12.)  be  the  intended  outline  or  ex- 
trades  of  the  arch  AVE,  and  let  2;  O be  the  common 
axis  of  both  curves.  From  r and  C,  the  correfponding 
points,  draw  the  ordinates  c h,  CH.  Let  the  thicknel* 

V at  the  top  be  <?,  the  abfeifla  •a  ^ be  = and  VH 
= K,  and  let  the  equal  ordinates  c h,  CH  be_y,  and  the 
arch  VC  be  z. 


Then,  by  tlie  general  theorem,  c C =r 


•,  r being 

the  radius  of  curvature.  This,  by  the  common  rules,  is 

• ...... 

rpii  • . * y ^ ^ y 

1 his  gives  us  i:  L 


or 


y « 

• • • 

y 


^ y 

• •• 

X y 


r 


X C ; where  C is  a conftant  quantity, 


found  by  taking  the  real  value  of  c C in  V,  the  vertex 
of  the  curve.  But  it  is  evident  that  it  is  alfo  z=.a 

• ••  • ••  ^ 

— u.  Therefore  a x — u x C,  = 


. X 


Therefore 


= H.  Therefore 


Cc^vY. 

It  follows  from  this  inveftigation,  that  the  back  or 
extrados  of  a parabolic  arch  of  equilibration  muft  be  pa- 
rallel to  the  arch  or  foffit  itfelf ; or  that  the  thicknefs  of 
the  arch,  eftimated  in  a vertical  diredlion,  muft  be  equal 
throughout ; or  that  the  extrados  is  the  fame  parabola 
with  the  foffit  or  intrados. 

We  have  fele£ted  thefe  two  examples  merely  for  the 
fimplicity  and  perfpicuity  of  the  folutions,  which  have 
been  effedted  by  means  of  elementary  geometry  only, 
inftead  of  employing  the  analytical  value  of  the  radius 


X fluxion  of -r— 

y 

If  we  now  fubftitute  the  true  value  of  u (which  is 
given,  becaufe  the  extrados  is  fuppofed  to  be  of  a known 
form),  exprefted  in  terms  of  y,  the  refulting  equation 
will  contain  nothing  but  x and  y,  with  their  firft  and 
fecond  fluxions,  and  known  quantities.  From  this  equa- 
tion the  relation  of  x andymuft  befound  byfuch  methods 
as  feem  belt  adapted  to  the  equation  of  the  extrados. 

Fortunately  the  procefs  is  more  Ample  and  eafy  in  the 
moft  common  and  ufeful  cafe  than  we  fhould  expedt 
from  this  general  rule.  We  mean  the  cafe  where  the 
extrados  is  a ftraight  line,  efpecially  when  this  is  hori- 
zontal. In  this  cafe  w is  equal  to  0. 

Example.  To  find  the  form  of  the  balanced  arch  Plate  II. 
AVE  (fig.  13.),  having  the  horizontal  line  c v for  its 
extrados. 

Keeping  the  fame  notation,  we  have 


a 


— 0,  and 


C . X 

therefore  a x = — X fluxion  of—. 


AfTume  y =- 


-B 


then  _ =r  u, 

y 

^ * 

Cvv 


and  X fluxion 


fX 

oi-» 


that  is  a ^ 


Therefore  a x x x 


of  the  ofculatory  circle  viz. 

y X — X y 

have  Involved  us  at  leaft  in  the  elements  of  fecond 
fluxions.  We  have  alfo  preferred  fimplicity  to  elegance 


X 


which  would  — C’vv  ; and  by  taking  the  fluents,  we  have  2 ax-^x* 

and  V r=  ” . . Confequently, 


= C 


<u*  5 


D 2 


y = 


ARC 
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Defeats  of 
the  Catena- 
rian curve. 


[ 


==^fbeing  =— Y Taking  the  fluent 

x^\  v / 


• _ k/  C X 

^ a/  2 a X y. 
of  this  we  have  y-  — \/C  xL  {2  a x 2 
2 y 2 a X x^).  But  at  the  vertex,  where  x = 0, 
we  have  y = X L (2  a).  The  corrected  fluent  is 

therefore yz=A/Cx  L^.+  ^+ 


It  only  remains  to  find  the  conftant  quantity  C. 
This  wc  readily  obtain  by  feleding  fome  point  of  the 
extrados  where  the  values  of  x and  y are  given  by  par- 
ticular circumftances  of  the  cafe.  Thus,  when  the 
fpan  2 s and  height  h of  the  arch  are  given,  we  have 

r =:  ./  C X L 2 ah  + 


quently  \/C: 


a 

s 


•\-h  2 ah 


and  confe- 
Theiefore 
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be  more  furprifed  to  hear,  after  this,  that  there  Is  a 
certain  thicknefs  at  the  crown,  w'hich  will  put  the  Ca- 
tenarea  in  equilibrio,  even  with  a horizontal-  road-way  ; 
but  this  thicknefs  is  fo  great  as  to  make  it  unfit  for  a 
bridge,  being  fuch  that  the  prelTure  at  the  vertex  is 
equal  to  the  horizontal  thruft.  This  would  have  been 
about  37  feet  in  the  middle  arch  of  Blackfriars  Bridge. 
The  only  fituation  therefore  in  which  the  Catenarean 
form  would  be  proper,  is  an  arcade  c-arrying  a height  of 
dead  wall ; but  in  this  fituation  it  would  be  very  un- 
graceful. Without  troubling  the  reader  with  the  in- 
veftigation,  it  is  fufficient  to  inform  him  that  in  a Ca- 
tenarean arch  of  equilibration  the  abfcifla  VH  is  to  the 
abfcifla  v h'va.  the  conftant  ratio  of  the  horizontal  thruft 
to  its  excefs  above  the  prefl’ure  on  the  vertex. 


fa  X \/  2 a X 


the  general  value  of  jrrj  x - 


h -Jf  2 a h 


2 a X -\- 


h 's/  2 ah  b' 
a 

As  an  example  of  the  ufe  of  this  formula,  we  fubjoin 
a table  calculated  by  Dr  Hutton  of  Woolwich  for  an 
arch,  the  fpan  of  which  is  100  feet  and  the  height  40, 
which  are  nearly  the  dimen fions  of  the  middle  arch  of 
Blackfriars  Bridge  in  London. 


y 

tt 

y 

X 
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0 

6,000 

2 1 

00 

0 

36 

21.774 

2 

6,035 

22 

10,858 

37 

2 2,g^.8 

4 

6,144 

23 

1 1,368 

38 

24,190 

6 

6,324 

24 

11,911 

39 

25.505 

8 

6,580 

25 

12,489 

40 

26,894 

10 

6,914 

26 

13,106 

41 

28,364 

12 

7.330 

27 

13,761 

42 

29,919 

13 

7,571 

28 

14.457 

43 

31.563 

14 

7,834 

29 

15,196 

44 

33.299 

15 

8,120 

30 

15,980 

45 

35.135 

' i6 

8,430 

31 

16,8 1 1 

46 

17 

8,766 

32 

17,693 

47 

39.126 

18 

9,168 

33 

18,627 

48 

41.293 

19 

9.517 

34 

19.617 

49 

43,581 

20 

9-934. 

I 35 

20,665 

50 

46,000 
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The  figure  for  this  propofition  is  exadtly  drawn  ac- 
cording to  thefe  dimenficns,  that  the  reader  may  judge 
of  it  as  an  objedt  of  fight.  It  is  by  no  means  deficient 
in  gracefulnefs,  and  is  abundantly  roomy  for  the  palTage 
of  craft  ; fo  that  no  objedlion  can  be  offered  againft  its 
being  adapted  on  account  of  its  mechanical  excellency. 

The  reader  will  perhaps  be  furprifed  that  we  have 
made  no  mention  of  the  celebrated  Catenarean  curve, 
which  is  commonly  faid  to  be  the  heft  form  for  an  arch  ; 
but  a little  refledlion  v/ill  convince  him,  that  although 
it  is  the  only  form  for  an  arch  confifting  of  ftones  of 
equal  weight,  and  touching  each  other  only  in  fingle 
points,  it  cannot  fuit  an  arch  which  muft  be  filled  up  in 
the  haunches,  in  order  to  form  a road  way.  He  will 


This  much  will  ferve,  we  hope,  to  give  the  reader  a inutility  of 
clear  notion  of  this  celebrated  theory  of  the  equilibrium  the  com- 
of  arches,  one  of  the  moll  delicate  and  important  appli-  theory 
cations  of  mathematical  fcience.  Volumes  have  been 
written  on  the  fubjedt,  and  It  ftill  occupies  the  atten- 
tion of  mechanicians.  But  we  beg  leave  to  fay,  with 
great  deference  to  the  eminent  perfons  who  have  profe- 
cuted  this  theory,  that  their  fpeculations  have  been  of 
little  fcrvice,  and  are  little  attended  to  by  the  pradci- 
tioner.  Nay,  we  may  add,  that  Sir  Chriftopher  Wren, 
perhaps  the  moft  accomplifhed  architedl  that  Europe 
has  feen,  feems  to  have  thought  it  of  little  value  ; for, 
among  the  fragments  which  have  been  preferved  of  his 
ftudies,  there  are  to  be  feen  fome  imperfedl  differtations 
on  this  very  fubjedt,  in  which  he  takes  no  notice  of  this 
theory,  andconfiders  the  balance  of  arches  in  quite  an- 
other way.  Thefe  are  colledled  by  the  author  of  the 
account  of  Sir  Chriftopher  Wren’s  family.  This  man’s 
great  fagacity,  and  his  great  experience  in  building,  and, 
ftill  more  his  experience  in  the  repairs  of  old  and  crazy 
fabrics,  had  fhown  him  many  things  very  inconfiftent 
with  this  theory,  which  appears  fo  fpecious  and  fafe. 

The  general  fades  which  occur  in  the  failure  of  old 
arches  are  highly  inftrudlive,  and  deferve  the  moft  care- 
ful attention  of  the  engineer ; for  It  is  in  this  Hate  that 
their  defedls,  and  the  procefs  of  nature  In  their  deftruc- 
tion,  are  moft  diftindtly  feen.  We  venture  to  affirm, 
that  a very  great  majority  of  thefe  fadls  are  irreconcile- 
able  to  the  theory.  The  way  in  which  circular  arches 
commonly  fail,  is  by  the  finking  of  the  crown  and  the 
rlfing  of  the  flanks.  It  v/ill  be  found  by  calculation, 

^ that  in  moft  of  the  cafes  it  ought  to  have  been  juft  the 
contrary.  But  the  cleareft  proof  is,  that  arches  very 
rarely  fail  where  their  load  differs  moft  remarkably  from 
that  which  this  theory  allows.  Semicircular  arches  have 
flood  the  power  of  ages,  as  may  be  feen  in  the  bridges 
of  ancient  Rome,  and  in  the  numerous  arcades  which 
the  ancient  inhabitants  have  eredled.  Now  all  arches 
which  fpring  perpendicularly  from  the  horizontal  line, 
require,  by  this  theory,  a load  of  infinite  height  ; and, 
even  to  a confiderable  diftancefrom  thefpringing  of  the 
arch,  the  load  necefl'ary  for  the  theoretical  equilibrium 
is  many  times  greater  than  what  is  ever  laid  on  thofe 
parts ; yet  a failure  in  the  immediate  neighbourhood  of 
the  fpring  of  an  arch  is  a moft  rare  phenomenon,  if  It 
ever  was  obferved.  Here  is  a moft  remarkable  devia- 
tion from  the  theory  ; for,  as  is  already  obferved,  the 
load  is  frequently  not  the  fourth  part  of  what  the  theory 
requires. 

Many  other  fads  might  be  adduced  which  fhow  great. 

deviations; 
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Arch.  deviations  from  the  legitimate  refults  from  the  theory. 
We  hope  to  be  excufed,  therefore,  by  the  matliemati- 
cians  for  doubting  of  the  juftnefs  of  this  theory.  We 
do  not  think  it  erroneous,  but  defeflive,  leaving  out 
23  circuniftances  which  we  apprehend  to  be  of  great  im- 
Rs  dcfeds.  portance  ; and  we  imagine  that  the  defeds  of  the  theory 
have  arifen  from  the  very  anxiety  of  the  mechanicians 
to  make  it  perfed.  The  arch  ftones  are  fuppofed  to 
be  perfediy  fmooth  or  poliflied,  and  not  to  be  conned- 
ed  by  any  cement,  and  therefore  to  fuitain  each  other 
merely  by  the  equilibrium  of  their  vertical  preil'ure. 
The  theory  enfures  this  equilibrium,  and  this  only, 
leaving  unnoticed  any  other  canfes  of  mutual  adion. 

The  authors  who  have  written  on  the  fubjed  fay  ex- 
prefsly,  that  an  arch  which  thus  fuflains  itfelf  muft  be 
ftronger  than  another  w'hich  would  not ; becaufe  when, 
in  imagination,  we  fuppofe  both  to  acquire  connedion 
by  cement,  the  firft  preferves  the  influence  of  this  con- 
nedion unimpaired  ; whereas  in  the  other,  part  of  the 
cohefion  is  wafled  in  counterading  the  tendency  of 
fome  parts  to  break  oif  from  the  reft  by  their  w’ant  of 
equilibrium.  This  is  a very  fpecions  argument,  and 
would  be  juft,  if  the  forces  which  are  mutually  exerted 
between  the  parts  of  the  arch  in  its  fettled  ftate  were 
merely  vertical  prelfures,  or,  where  different,  were  in- 
confiderable  in  comparifon  with  thofe  which  are  really 
attended  to  in  theconftrudion. 

But  this  is  by  no  means  the  cafe.  The  forms  v/hich 
the  ufesfor  which  arches  are  ereded  oblige  us  to  adopt, 
and  the  loads  laid  on  the  different  points  of  the  arch, 
frequently  deviate  confiderably  from  w’hat  are  necdfary 
for  tlie  equilibrium  of  vertical  preffiires.  The  varying 
load  on  a bridge,  when  a great  waggon  palfes  along  it, 
fometimes  bears  a very  fenfible  proportion  to  the  weight 
of  that  point  of  the  arch  on  which  it  refts.  It  is  even 
very  doubtful  whether  the  prelfures  which  are  occa- 
fioned  by  the  weight  of  the  ftuff  employed  for  filling  up 
the  flanks  really  ad  in  a vertical  diredion,  and  in  the 
proportion  which  is  fuppofed.  V/e  are  pretty  certain 
that  this  is  not  the  cafe  with  fand,  gravel,  fat  mould, 
and  m.my  fubftances  in  very  general  ufe  for  tnis  pur- 
pofe.  When  this  is  the  cafe,  the  prelfures  fuftained 
by  the  difrerG-nt  parts  of  the  atch  are  often  very  incon- 
fiftenc  with  the  theory — a part  of  the  arch  is  over- 
loaded, and  tends  to  fJl  in,  but  is  prevented  by  the  ce- 
ment. This  part  of  the  arch  therefore  ads  on  the  re- 
moter parts  by  the  intervention  of  the  parts  between, 
employing  thofe  intermediate  parts  as  a kind  of  levers 
to  break  the  arch  in  a remote  part,  juft  as  a lintel  would 
be  broken.  We  apprehend  that  a mathematician  would 
be  puzzled  how  to  explain  the  ftability  of  an  arch  cut 
out  of  a folid  and  uniform  mafs  of  rock.  His  theory 
conflders  the  mutual  thrufts  of  the  arch  ftones  as  in  the 
diredion  of  the  tangents  to  the  arch.  Why  fo  ? be- 
caufe he  fuppefes  that  all  his  polifhed  joints  are  perpen- 
dicular to  thofe  tangents.  But  in  the  prefent  cafe  he 
has  no  exifting  joints ; and  there  feems  to  be  nothing  to 
dired  his  imagination  in  the  ali'umption  of  joints,  which, 
however,  are  abfolutely  necelfary  for  employing  his 
theory,  becaufe,  without  a fuppofulon  of  this  kind,  there 
feems  no  conceiving  any  mutual  abutment  of  the  arch 
ftones.  Aik  a common,  but  intelligent,  mafon  what 
notion  he  forms  of  fuch  an  arch  ? We  apprehend  that 
he  will  conflder  it  as  no  arch,  but  as  a lintel,  which 
may  be  broken  like  u wooden  lintel,  and  which  reftfts 


entirely  by  Its  cohefion.  He  will  not  readily  conceive  Arcli. 
that,  by  cutting  the  under  fide  of  aftone  lintel  into  an 
arched  form,  and  thus  taking  away  more  than  half  of 
its  fubftance,  he  has  changed  its  nature  of  a lintel,  or 
given  it  any  additional  ftrength.  Nor  would  there  be 
any  change  made  in  the  way  in  which  fuch  a mafs  of 
ftone  would  refift  being  broken  down,  if  nothing  were 
done  but  forming  the  under  fide  into  an  arch.  If  the 
lintel  be  fo  laid  on  the  piers  that  it  can  be  broken  with- 
out its  parts  pufhing  the  piers  afide  ( which  will  be  the 
cafe  if  it  lies  on  the  piers  with  horizontal  joints),  it  will 
break  like  any  other  lintel  5 but  if  the  joints  are  dired- 
ed  downwards,  and  converging  to  a point  within  the 
arch,  the  broken  ftone  (fuppofe  it  broken  at  the  crown 
by  an  overload  in  that  part)  cannot  be  prefted  down 
without  forcing  the  piers  outwards.  Now,  in  this  mode 
of  ading,  the  mind  cannot  trace  any  thing  of  the  ftatl- 
cal  equilibrium  that  we  have  proceeded  on  in  the  fore- 
going theory.  The  two  parts  of  the  broken  lintel  feem 
to  pufli  the  piers  afide  in  the  fame  manner  that  two 
rafters  pufli  outwards  the  walls  of  a houfe,  when  their 
feet  are  not  held  together  by  a tye-beam.  If  the  piers 
cannot  be  pulhed  afide  (as  when  the  arch  abuts  on  two 
folid  rocks),  nothing  can  prefs  down  the  crown  which 
does  not  cru!h  the  ftone. 

This  condufioit  will  be  ftridly  tiue  if  the  arch  is  of 
fuch  a form  that  a ftraight  line  drawn  from  the  crown 
to  the  pier  lies  wholly  within  the  folid  mafonry.  Thus 
if  the  vault  confift  of  two  ftraight  ftones,  as  in  fig.  i. 
or  if  it  confift  of  feveral  ftones,  as  in  fig.  14.  difpofed 
in  two  ftraight  lines,  no  weight  laid  on  the  crown  can 
deftroy  it  in  any  other  way  but  by  crulhing  it  to 
powder.  _ 29 

But  when  ftraight  lines  cannot  be  drav.'n  from  the  When  it  Is 
overloaded  part  to  the  firm  abutments  through  the  fo-  be  called 
lid  mafonry,  and  when  the  cohefion  of  the  parts  is  not 
able  to  witbftand  the  tranfverfe  firains,  we  muft  call  the  ^ 
principles  of  equilibrium  to  our  aid  ; and,  in  order  to 
employ  them  with  fafety,  we  muft  confider  how  they 
are  modified  by  the  excitement  of  the  cohering  forces. 

The  cohefion  of  the  ftones  with  each  other  by  ce- 
ment or  otherwife,  has,  in  almoft  every  fituation,  a bad 
effeift.  It  enables  an  overload  at  the  crown  to  break 
the  arch  near  the  haunches,  caufmg  thofe  parts  to  rife, 
and  then  to  fpread  outwards,  juft  as  a Manfarde  or 
Kirb  roof  would  do  if  the  trufs-beam  which  connects 
the  heads  of  the  lower  rafters  were  fawn  through.  This 
can  be  prevented  only  by  loading  that  part  more  than 
is  requifite  for  equilibrium.  It  would  be  prudent  to  do 
this  to  a certain  degree,  becaufe  it  is  by  this  cohefion 
that  the  crown  always  becomes  the  weakeft  part  of  the 
arch,  and  fullers  more  by  any  occafional  load. 

We  expect  that  it  wijl  be  faid  in  anfwer  to  all  this, 
that  the  cohefion  given  by  the  ftrongeft  cement  that 
we  can  employ,  nay  the  cohefion  of  the  ftone  itfelf,  is 
a mere  nothing  in  comparifon  with  the  enormous  thrufts 
that  are  in  a ftate  of  continual  exertion  in  the  different 
parts  of  an  arch.  This  is  very  true  ; but  there  is  an- 
other force  which  produces  the  fame  effed,  and  v/hich 
increafes  nearly  in  the  proportion  that  thofe  thrufts  in- 
creafe,  becaufe  it  arifes  from  them.  This  is  the  friction 
of  the  ftones  on  each  other.  In  dry  freeftone  this  fric- 
tion confiderably  exceeds  one-half  of  the  mutual  pref- 
fure.  The  reflecting  reader  will  fee  that  this  produces 
the  fameeffed,  in  the  cafe  under  confideration,  that  co- 
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hefion  would  do ; for  while  the  arch  is  in  the  adt  of 
failing,  the  mutual  prelTure  of  the  arch  ftones  is  acling 
with  full  force,  and  thus  produces  a fridtion  more  than 
adequate  to  all  the  efFeds  we  have  been  fpeaking  of. 

When  thefe  circumftances  are  confidered,  we  imagine 
that  it  will  appear  that  an  arch,  when  expofed  to  a 
great  overload  on  the  crown  (or  indeed  on  any  part), 
divides,  of  itfelf,  into  a number  of  parts,  each  of  which 
contains  as  many  arch  ftones  as  can  be  pierced  (fo  to 
fpeak)  by  one  ftraight  line,  and  that  it  may  then  be 
confidered  as  nearly  in  the  fame  fituation  with  a poly- 
gonal arch  of  long  ftones  butting  on  each  other  likefo 
many  beams  in  a Norman  roof  (fee  Roof,  n*^  49),  but 
without  their  braces  and  ties.  It  tends  to  break  at  all 
tliofe  angles  ; and  it  is  not  fufficiently  refifted  there, 
becaufe  the  materials  with  which  the  flanks  are  fllled 
up  have  fo  little  cohefion,  that  the  angle  feels  no  load 
except  what  is  immediately  above  it  ; whereas  it  ftiould 
be  immediately  loaded  with  all  the  weight  which  is  dif- 
fufed  over  the  adjoining  fide  of  the  polygon.  This  will 
be  the  cafe,  even  though  the  cnrvelineal  arch  be  per- 
fedlly  equilibrated.  We  recolleift  fome  circumftances  in 
the  failure  of  a confidcrable  arch,  which  may  be  worth 
mentioning.  It  had  been  built  of  an  exceedingly  foft 
and  friable  ftone,  and  the  arch  ftones  were  too  ihort. 
About  a fortnight  before  it  fell,  chips  were  obferved 
to  be  dropping  olt  from  the  joints  of  the  archftones 
about  ten  feet  on  each  fide  of  the  middle,  and  alfofrom 
another  place  on  one  fide  of  the  arch,  about  twenty 
feet  from  its  middle.  The  mafons  in  the  neighbourhood 
prognofticated  its  fpeedy  downfal,  and  faid  that  it 
would  feparate  in  thofe  places  where  the  chips  w^ere 
breaking  off.  At  length  it  fell  ; but  it  firft  fplit  in 
the  middle,  and  about  15  or  16  feet  on  each  fide,  and 
alfo  at  the  very  fpringing  of  the  arch.  Immediately 
before  the  fall  a ftiivering  or  crackling  noife  was  heard, 
and  a great  many  chips  droppe-d  down  from  the  middle 
between  the  two  places  from  whence  they  had  dropped 
u fortnight  before.  The  joints  opened  above  at  thofe 
new  places  above  two  inches,  and  in  the  middle  of  the 
arch  the  joints  opened  below,  and  in  about  five  minutes 
after  this  the  whole  came  down.  Even  this  movement 
was  plainly  diftinguiftiable  into  two  parts.  The  crown 
funk  a little,  and  the  haunches  rofe  very  fenfibly,  and 
in  this  ftate  it  hung  for  about  half  a minute.  The 
arch  ftones  of  the  crown  were  hanging  by  their  up- 
per corners.  When  thefe  fplintered  off’,  the  whole  fell 
down. 

Vv^e  apprehend  that  the  procedure  of  nature  was  fome- 
■what  in  this  manner.  Straight  lines  can  be  drawn 
within  the  archftones  from  A ^fig.  15.)  to  B and  D, 
and  from  thofe  points  to  C and  E.  Each  of  the  por- 
tions ED,  DA,  AB,  BC,  refill  as  if  they  were  of  one 
ftone,  compofing  a polygonal  vault  EDABC.  When 
this  is  overloaded  at  A,  A can  defeend  in  no  other  way 
than  by  pufliing  the  angles  B and  D outwards,  caufing 
the  portions  BC,  DE,  to  turn  round  C and  E.  This 
motion  mull  raife  the  points  B and  D,  and  caufe  the 
arch  ftones  to  prefs  on  each  other  at  their  inner  joints 
h and  d.  This  produced  the  copious  fplintering  at  thofe 
joints  immediately  preceding  the  total  downfal.  The 
fplintering  which  happened  a fortnight  before  arofe  from 
this  circumftance,  that  the  lines  AB  and  AD,  along 
which  the  preffure  of  the  overload  was  propagated,  were 
tangents  to  the  foffit  of  the  arch  in  the  points  F,  H, 


and  G,  and  therefore  the  drain  lay  all  on  thofe  corners 
of  the  arch  ftones,  and  fplintered  a little  from  off  them 
till  the  whole  took  a firmer  bed.  The  fubfequent  phe- 
nomena are  evident  confequences  of  this  diftribution  and 
modification  of  preffure,  and  can  hardly  be  explained  in 
any  other  way  ; at  lead  not  on  the  theoretical  principles 
already  fet  forth  : for  in  this  bridge  the  loads  at  B and 
D were  very  confiderably  greater  than  what  the  equili- 
brium required  ; and  we  think  that  the  firft  obffrved 
fplintering  at  H,  F,  and  G,  was  moft  inftruffive,  fhow- 
ing  that  there  was  an  extraordinary  preffure  at  the  inner 
joints  in  thofe  places,  which  cannot  be  explained  by  ths 
ufual  theory. 

Not  fatisfied  with  this  fingle  obfervation,  after  this 
way  of  explaining  it  occurred  to  us,  and  not  being  able 
to  find  any  fimilar  faff  on  record,  the  writer  of  this  ar- 
ticle got  fome  fmall  models  of  arches  executed  in  chalk, 
and  fubjeffed  them  to  many  trials,  in  hopes  of  colleff- 
ing  fome  general  laws  of  the  internal  workings  of  arch- 
es which  finally  produce  their  downfal.  He  had  the 
pleafure  of  obferving  the  above  mentioned  circumftan- 
ces take  place  very  regularly  and  uniformly,  when  he 
overloaded  the  models  at  A.  The  arch  alv/ays  broke 
at  fome  place  B confiderably  beyond  another  point  F, 
where  the  firft  chipping  had  been  obferved.  This  is  a 
method  of  trial  that  deferves  the  attention  both  of  the 
fpeculatift  and  the  praffitioner. 

If  thefe  refleffions  are  any  thing  like  a juft  account 
of  the  procedure  of  nature  in  the  failure  of  an  arch,  it 
is  evident  that  the  ingenious  mathematical  theory  of 
equilibrated  arches  is  of  little  value  to  the  engineer. 
We  ventured  to  fay  as  much  already,  and  we  refted  a 
good  deal  on  the  authority  of  Sir  Chriftopher  Wren. 
He  tvas  a good  mathematician,  and  delighted  in  the  ap- 
plication of  this  fcience  to  the  arts.  He  was  a celebra- 
ted architeff ; and  his  reports  on  the  various  works  com- 
mitted to  his  charge,  ftiow  that  he  was  in  the  continual 
habit  of  making  this  application.  Several  fpecimen*^ 
remain  of  his  own  methods  of  applying  them.  The  root 
of  the  theatre  of  Oxford,  the  roof  of  the  cupola  of 
St.  Paul’s,  and  in  particular  the  mould  on  which  he 
turned  the  inner  dome  of  that  cathedral,  are  proofs  of 
his  having  ftudied  this  theory  moft  attentively.  He 
flouriftied  at  the  very  time  that  it  occupied  the  attention 
of  the  greateft  mechanicians  of  Europe  ; but  there  is 
nothing  to  be  found  among  his  papers  which  Ihows 
that  he  had  paid  much  regard  to  it.  On  the  contrary, 
when  he  has  occafion  to  deliver  his  opinion  for  the  in- 
ftruffion  of  others,  and  to  explain  to  the  Dean  and 
Chapter  ofWeftminfter  his  operations  in  repairing  that 
collegiate  church,  this  great  architeff  confiders  an  arch 
juft  as  a fenfible  and  fagacious  mafon  would  do,  and 
very  much  in  the  way  that  we  have  juft  nnw’  been  treat- 
ing it : (See  yiccovnt  of  the  Family  of  Wren,  p.  356, 
&c. ) Supported  therefore  by  fuch  authority,  we  would 
recommend  this  way  of  confidering  an  arch  to  the  fludy 
of  the  mathematician  ; and  we  would  defire  the  expe- 
rienced mafon  to  think  of  the  moft  efficacious  methods 
for  refilling  this  tendency  of  arches  to  rife  in  the  flanks. 
Unfortunately  there  feems  to  be  no  precife  principle  to 
point  out  the  place  where  this  tendency  is  moft  remark- 
able. 

We  are  therefore  highly  pleafed  with  the  ingenious 
contrivance  of  Mr.  Mylne,  the  architeff  of  Blackfriars 
Bridge  in  London,  by  which  he  determines  this  point 
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Arch,  with  prsciaon,  by  making  it  Impculble  for  the  over- 
loaded  arch  to  fpring  in  any  other  place.  Having  thus 
confined  the  failure  to  a particular  fpot,  he  with  equal 
art  oppofes  a refiftance  which  he  believes  to  be  fufii- 
cient  5 and  the  prefent  condition  of  that  noble  bridge, 
which  doss  not  in  any  place  fhow  the  fmalleih  change 
• of  lhape,  proves  that  he  was  not  miftaken.  Looking 
on  this  work  as  the  firft,  or  at  lealt  the  fecond,  fpeci- 
men  of  mafonic  ingenuity  that  is  to  be  feen  in  the 
world,  we  imagine  that  our  readers  will  be  pleafed  w'ith 
a particular  account  of  its  moil  remarkable  circum- 
ftances. 

Conftruc-  '^he  fpan  k a (fig.  i6. ) of  the  middle  arch  is  loo 
tion  of  feet,  and  its  height  OV  is  40,  and  the  thicknefs  KV 
Blackfriars  of  the  crown  is  fix  feet  feven  inches.  Its  form  is  nearly 
Bridge.  elliptical ; the  part  AVZ  being  an  arch  of  a circle 
Plate  III.  centre  is  C,  and  radius  56  feet,  and  the  tw'o  la- 

teral portions  A if  B and  Z a E being  arches  defcrlbed 
with  a radius  of  35  feet  nearly.  The  thicknefs  of  the 
pier  at  a ^ is  19  feet.  The  thicknefs  of  the  arch  in- 
creafes  from  the  crown  V to  Y,  where  it  is  eight  or 
nine  feet.  All  the  arch  Hones  have  their  joints  direfled 
to  the  centres. of  their  curvature.  The  joints  are  all 
joggled,  having  a cubic  foot  of  hard  ftone  let  half  way 
into  each.  By  this  contrivance  the  joints  cannot  Aide, 
nor  can  any  weight  laid  on  the  crown  ever  break  the 
arch  in  tha.t  part,  if  the  piers  do  not  yield  ; for  a 
ftraight  line  from  the  middle  of  KV  to  the  middle  of 
the  joint  YI  is  contained  within  the  folid  mafonry,  and 
does  not  even  come  near  the  inner  joints  of  the  arch 
ftones.  Therefore  the  whole  refills  like  one  ftone,  and 
can  be  broken  only  by  crulhing  it.  The  joint  at  Z is 
very  nearly  perpendicular  to  a line  YF  drawn  to  the 
outer  edge  of  the  foundation  of  the  pier.  By  this  it 
W'as  intended  to  take  off  all  tendency  of  the  preffure  on 
the  joint  dZ,  to  overfet  the  pier  ; for  if  we  fuppofe,  ac- 
cording to  the  theory  of  equilibration,  that  this  preffure 
is  necelfarily  exerted  perpendicularly  to  the  joint,  its 
direiffion  paffes  through  the  fulcrum  at  F,  round  which 
it  is  thought  that  the  pier  muff  turn  in  the  aft  of  over- 
fetting.  This  precaution  was  adopted,  in  order  to  make 
the  arch  quite  independent  of  the  adjoining  arches  ; fo 
that  although  any  of  them  fhould  fall,  this  arch  Ihould 
run  no  rifk. 

Still  farther  to  fecure  the  Independence  of  the  arch, 
the  following  conflructlon  was  pradlifed  to  unite  it  into 
one  mafs,  which  fhould  rife  all  together.  All  below  the 
line  a b is  built  of  large  blocks  of  Portland  ftone,  dove- 
tailed with  found  oak.  Four  places  in  each  courfe  are 
interrupted  by  equal  blocks  of  a hard  (lone  called  Ken- 
tijld  rag,  funk  half  w'ay  in  each  courfe.  Thefe  a«5l  as 
joggles,  breaking  the  courfes,  and  preventing  them  from 
Hiding  laterally. 

The  portion  Y of  the  arch  is  joggled  like  the  up- 
per part.  The  interior  part  is  filled  up  with  large  blocks 
of  Kentifh  rag,  forming  a kind  of  courfed  rubble-work, 
the  courles  tending  to  the  centres  of  the  arch.  The 
under  corner  of  each  arch  ftone  projedts  over  the  one 
below  it.  By  this  form  it  takes  fall;  hold  of  the  rubble- 
work  behind  it.  Above  this  rubble  there  is  conftrudt- 
ed  the  inverted  arch  I G of  Portland  ftone.  '^I'his  arch 
fhares  the  preffure  of  the  two  adjoining  arches,  along 
with  the  aich  ftones  in  Y and  in  G b.  Thus  all  tend 
together  to  comprefs  and  keep  down  the  rubble-work 
in  the  heart  of  this  part  of  the  pier.  This  is  a very 
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ufeful  precaution ; for  it  often  happens,  that  when  the  Arch, 
centres  of  the  arches  are  ftruck,  before  the  piers  are 
built  up  to  their  intended  height,  the  thruft  of  the 
arches  fqueezes  the  rubble-work  horizontally,  after  the 
morter  hasfet,  but  before  it  has  dried  and  acquired  its 
utmoft  ha^dnefs.  Its  bond  is  broken  by  this  motion, 
and  it  Is  fqueezed  up,  and  never  acquires  its  former  firm- 
nefs.  This  is  effedtually  prevented  by  the  preffure  ex- 
erted by  the  back  of  the  inverted  arch. 

Above  this  counter  arch  is  another  mafs  of  courfed 
rubble,  and  all  Is  covered  by  a horizontal  courfe  of  large 
blocks  of  Portland  ftone,  butting  againft  the  back  of 
the  arch  ftone  ZI  and  its  correfponding  one  in  the  ad- 
joining  arch.  This  courfe  connects  the  feet  of  the  two 
arches,  preferves  the  rubble  v/orkfroin  loo  great  com- 
preffion,  and  protedfs  it  from  foaking  water.  This  hill; 
circumftance  is  important ; for  if  the  water  which  falls 
on  the  road-way  is  not  carried  off  in  pipes,  it  foaks 
through  the  gravel  or  other  rubbifh,  refts  on  the  morter, 
and  keeps  it  continually  wet  and  foft.  It  cannot  efcape 
through  the  joints  of  good  mafonry,  and  therefore  fills 
up  this  part  like  a funnel. 

Suppofing  the  adjoining  arch  fallen,  and  all  tumbled 
off  that  is  not  withheld  by  its  fituation,  there  will  ftill 
remain  in  the  pier  a mafs  of  about  3500  tons.  The 
weight  of  the  portion  VY  is  aboul.  2000?  tons.  The 
diredions  of  the  thrufts  RY  ^.d  YF  areffueb,  that  it 
would  require  a load  of  45;z;0  tons  on  VY  tO'^iv.ertu:^' 
the  pier  round  F.  This  Exceeds  VY  by  2500  tons  ; a 
weight  incomparably  greater  than  any  that  can  ever  be 
laid  on  it. 

Such  is  the  ingenious  conftrudion  of  Mr.  Mylne.  It 
evldemly  proceeds  on  the  principles  recommended  above  j 
principles  which  have  ocpprred  to  his  experience  and 
fagacious  mind  during  the  courfe  of  his  extenfive  prac- 
tice. We  have  feen  attempts  by  other  engineers  to 
withftand  the  horizontal  thrufts  of  the  arch  by  means 
of  counter  arches  inferted  in  the  fame  manner  as  here, 
but  extending  much  farther  over  the  main  arch  ; but 
they  did  not  appear  to  be  well  calculated  for  producing 
this  effed.  A counter  arch  fpringing  from  any  point 
between  Y and  V has  no  tendency  to  hinder  that  point 
from  rifing  by  the  finking  of  the  crown ; and  fuch  a 
counter  arch  will  not  refift  the  precifely  horizontal  thruft 
fo  well  as  the  ftraight  courfe  of  Mr.  Mylne. 

The  great  incorporation  of  architeds  who  built  the  orlirfn  of 
cathedrals  of  Europe  departed  entirely  from  the  ftylcs  the'Gothk 
of  ancient  Greece  and  Rome,  and  introduced  another,  arches, 
in  which  arcades  made  the  principal  part.  Not  finding 
in  every  place  quarries  from  which  blocks  could  be 
raifed  in  abundance  offufficient  fize  for  forming  the  far- 
projeding  corniches  of  the  Greek  orders,  they  relin- 
quilhed  thofe  proportions,  and  adopted  a ftyle  of  orna- 
ment which  required  no  fuch  projedions ; and  having 
fubftituted  arches  for  the  horizontal  architrave  or  lintel, 
they  were  now  able  to  ered  buildings  of  vaft  extent 
with  fpacious  openings,  and  all  this  with  very  fmall 
pieces  of  ftone.  The  form  which  had  been  adopted  for 
a Chriftian  temple  occaiioned  many  interfedions  of 
vaultings,  and  multiplied  the  arches  exceedingly.  Con- 
ftant  pradice  gave  opportunities  of  giving  every  poftible 
variety  of  thefe  interfedions,  and  taught  the  art  of  ba- 
lancing arch  againft  arch  in  every  variety  of  fituation. 

An  art  fo  multifarious,  and  fo  much  out  of  the  road 
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Sail  (bury  cathedral  are  not  eight  inches  thick  after  the 
oflagon  is  fully  formed.  It  is  proper,  however,  to  di- 
redl  the  joints  to  the  axis  of  the  pyramid,  and  to  make 
the  courfing  joints  perpendicular  to  the  flant  fide,  be- 
caufe  the  projeding  mouldings  which  run  along  the 
angles  are  the  abutments  on  which  the  whole  pannel 
depends.  A confiderable  art  is  necelTary  for  fupporting 
thofe  pannels  or  fides  of  the  odagon  which  fpring  from 
the  angles  of  the  fquare  tower.  This  is  done  by  be- 
ginning a very  narrow  pointed  arch  on  the  fquare  tower 
at  a great  diftance  below  the  top ; fo  that  the  legs  of 
the  arch  being  very  long,  a ftraight  line  may  be  drawn 
from  the  top  of  the  keyhone  of  the  arch  through  the 
whole  arch  ftones  of  the  legs.  By  this  difpofition  the 
thrufts  arifing  from  the  weight  of  thefe  four  pannels  are 
made  to  meet  on  the  maffive  mafonry  in  the  middle  of 
the  fides  of  the  tower,  at  a great  diftance  below  the 
fpringing  of  the  fpire.  This  part,  being  loaded  with 
the  great  mafs  of  perpendicular  wall,  is  fully  able  to 
withftand  the  horizontal  thru  ft  from  the  legs  of  thofe 
arches.  In  many  fpires  thefe  thrufts  are  ftill  farther  re- 
fifted  by  iron  bars  which  crofs  the  tower,  and  are  hook- 
ed into  pieces  of  brafs  firmly  bedded  in  the  mafonry  of 
the  Tides. 

There  is  much  nice  balancing  of  this  kind  to  be  ob- 


offuchcon-  ferved  in  the  highly  ornamented  open  fpires;  fuch  as 
ftrucStion.  jhofe  of  Bruffels,  Mechlin,  Antwerp,  &c.  We  have 
not  many  of  this  fort  in  Britain.  In  thofe  of  great 
magnitude,  the  judicious  eye  will  difcover  that  parts, 
which  a common  fpedator  would  confider  as  mere  or- 
naments, are  necelTary  for  completing  the  balance  of  the 
whole.  Tall  pinnacles,  nay,  even  pillars  carrying  enta- 
blatures and  pinnacles,  are  to  be  feen  Handing  on  the 
middle  of  the  flender  leg  of  an  arch.  On  examination, 
we  find  that  this  is  neceflary,  to  prevent  the  arch  from 
fpringing  upwards  in  that  place  by  the  prelTure  at  the 
crown.  The  fteeple  of  the  cathedral  of  Mechlin  was  the 
moft  elaborate  piece  of  architeiftiire  in  this  tafte  in  the 
world,  and  was  really  a wonder  ; but  it  was  not  calcu- 
lated to  withftand  a bombardment,  which  deftroyed  it 
in  1578. 

Such  frequent  examples  of  irregular  and  whimfical 
buildings  of  this  kind,  Ihow  that  great  liberties  may  be 
taken  with  the  principle  of  equilibration  without  rifk, 
if  we  take  care  to  fecure  the  bafe  from  being  thruft 
outwards.  This  may  always  be  done  by  hoops,  which 
can  be  concealed  in  the  mafonry  ; whereas,  in  common 
arches,  thefe  ties  would  be  vifible,  and  would  offend 
the  eye. 

It  is  now  time  to  attend  to  the  principle  of  equili- 
brium, as  it  operates  in  a fimple  circular  dome,  and  to 
determine  the  thicknefs  of  the  vaulting  when  the  curve 
is  given,  or  the  curve  when  the  thicknefs  is  given, 
Plate  II.  Therefore,  let  B 3 A (fig.  1 7. ) be  the  curve  which  pro- 
39  duces  the  dome  by  revolving  round  the  vertical  axis  AD. 
•Stability  of  We  lhall  fuppofe  this  curve  to  be  drawn  through  the 
a dome  de-  middle  of  all  the  arch  ftones,  and  that  the  courfing  or 
pends  on  horizontal  joints  are  every  where  perpendicular  to  the 
princip  es  We  fhall  fuppofe  (as  is  always  the  cafe)  that 

the  thicknefs  KL,  HI,  &c.  of  the  arch  ftones  is  very 
fmall  in  comparifon  with  the  dimenfions  of  the  arch. 
If  we  confider  any  portion  HA  h of  the  dome,  it  is 
plain  that  it  prelfes  on  the  courfe,  of  which  HL  Is  an 
arch  ftone,  in  a direction  h C perpendicular  to  the  joint 
HI,  or  in  the  diredion  of  tiie  next  fupeiior  elem.ent 
iSuPPL.  VoL.  I. 


3 of  the  curve.  As  we  proceed  downv/ards,  courfe  af-  Arch, 
ter  courfe,  we  fee  plainly  that  this  diredion  muft 
change,  becaufe  the  weight  of  each  courfe  is  fuperadded 
to  that  of  the  portion  above  it,  to  complete  the  prefTure 
on  the  courfe  below.  Through  B draw  the  vertical 
line  BCG,  meeting  /S  h,  produced  in  C.  We  may  take 
^ r to  prefs  the  prefture  of  all  that  is  above  it  propa- 
gated in  this  dirediou  to  the  joint  KL.  We  may  alfo 
fuppofe  the  weight  of  the  courfe  HL  united  in  b,  and 
adting  on  the  vertical.  Let  it  be  reprefented  by  h F. 

If  we  form  the  parallelogram  b FGC,  the  diagonal  b G 
will  reprefent  the  diredion  and  intenfity  of  the  whole 
prefture  on  the  joint  KL.  Thus  it  appears  that  this 
prefture  is  continually  changing  its  diredion,  and  that 
the  line,  which  will  always  coincide  with  it,  muft  be  a 
curve  concave  downward.  If  this  be  precifely  the 
curve  of  the  dome,  it  will  be  an  equilibrated  vaulting  ; 
but  fo  far  from  being  the  ftrongeft  form,  it  is  the 
weakeft,  and  it  is  the  limit  to  an  infinity  of  others,  which 
are  all  ftronger  than  it.  This  w'ill  appear  evident,  if 
we  fuppofe  that  b G does  not  coincide  with  the  curve 
A ^ B,  but  palfes  without  it.  As  we  fuppofe  the  arch 
ftones  to  be  exceedingly  thin  from  infide  to  outfide,  it  is 
plain  that  this  dome  cannot  ftand,  and  that  the  weight  of 
the  upper  part  will  prefs  it  down,  and  fpring  the  vault- 
ing outwards  at  the  joint  KL.  But  let  us  fuppofe,  on 
the  other  hand,  that  I G falls  within  the  curvelineal  ele- 
ment b B.  This  evidently  tends  to  pufh  the  arch  ftone 
inward,  toward  the  axis,  and  would  caufe  it  to  Aide  in, 
fince  the  joints  are  fuppofed  perfedly  fmooth  and  flip- 
ping. But  fince  this  takes  place  equally  in  every  ftone 
of  this  courfe,  they  muft  all  abut  on  each  other  in  the 
vertical  joints,  fqueezing  them  firmly  together.  There- 
fore, refolving  the  thruft  b G into  two,  one  of  which  is 
perpendicular  to  the  joint  KL,  and  the  other  parallel  to 
it,  we  fee  that  this  laft  thruft  is  withftood  by  the  verti- 
cal joints  all  around,  and  there  remains  only  the  thruft 
in  the  diredion  of  the  curve.  Such  a dome  muft  there- 
fore be  firmer  than  an  equilibrated  dome,  and  cannot 
be  fo  eafily  broken  by  overloading  the  upper  part. 

When  the  curve  is  concave  upwards,  as  in  the  lower 
part  of  the  figure,  the  line^  C always  falls  below  b B, 
and  the  point  C below  B.  When  the  curve  is  concave 
downwards,  as  in  the  upper  part  of  the  figure,  'b  C' 
paffes  above,  or  without  b B.  The  curvature  may  be 
ib  abrupt,  that  even  b'  G^  ftiall  pafs  without  'b  B',  and 
the  point  G'  is  above  B’.  It  is  alfo  evident  that  the 
force  which  thus  binds  the  ftones  of  a horizontal  courfe 
together,  by  pufliing  them  towards  the  axis,  will  be 
greater  in  flat  domes  than  in  thofe  that  are  more  con- 
vex ; that  it  will  be  ftill  greater  in  a cone;  and  greater 
ftill  in  a curve  whofe  convexity  is  turned  inwards  : for 
in  this  laft  cafe  the  line  b G will  deviate  moft  remark- 
ably from  the  curve.  Such  a dome  will  ftand  (having 
polKhed  joints)  if  the  curve  fprings  from  the  bafe  with 
any  elevation,  however  fmall ; nay,  fince  the  fridion  of 
two  pieces  of  ftone  is  not  lefs  than  half  of  their  mutual 
prefture,  fuch  a dome  will  ftand,  although  the  tangent 
to  the  curve  at  the  bottom  Ihould  be  horizontal,  pro- 
vided that  the  horizontal  thruft  be  double  the  weight 
of  the  dome,  which  may  eafily  be  the  cafe  if  it  do  not 
rife  high. 

Thus  we  fee  that  the  ftability  of  a dome  depends  on  Different 
very  different  principles  from  that  of  a common  arch, 
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and  is  in  general  much  greater. 

E 


It  differs  alfo  in  ano- 
ther 


of  a com- 
mon arch. 


Arch. 
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ther  very  Important  circumftance,  viz.  that  it  may  be  b S h'\ 


ARC 


BDB",  C d C".  Let  the  tangents  at  b and  b" 
open  in  the  middle  : for  the  uppermoft  courfe,  by  tend*  meet  the  axis  in  M,  and  make  MO,  MP,  each  equal  to 
ing  equally  in  every  part  to  Aide  in  toward  the  axis,  b c,  and  complete  the  parallelogram  MONP,  and  draw 
prefTes  all  together  in  the  vertical  joints,  and  adts  on  the  OQ^  perpendicular  to  the  axis,  and  produce  b F,  cutting 
next  courfe  like  the  key-ftone  of  a common  arch,  the  ordinates  in  E and  e.  It  is  plain  that  MN  is  to 
Therefore  an  arch  of  equilibration,  which  is  the  weak-  MO  as  the  weight  of  the  arch  HAb  to  the  thrufl  b c 
eft  of  all,  may  be  open  in  the  middle,  and  carry  at  top  which  it  exerts  on  the  joint  KL  (this  thruft  being  pro- 
another  building,  fuch  as  a laiuhern,  if  its  weight  do  pagated  through  the  courfe  HILK)  ; and  that  MQ^ 
3 jjg  equal  b e,  or  / d,  may  reprefent  the  weight  of  the 
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not  exceed  that  of  the  circular  fegment  of  the  dome  that 
is  omitted.  A greater  load  than  this  would  indeed 
break  the  dome,  by  caufing  it  to  fpring  up  in  fome  of 
the  lower  courfes ; but  this  load  may  be  increafed  if  the 
curve  is  flatter  than  the  curve  of  equilibration : and 
any  load  whatever,  which  will  not  crufli  the  ftones  to 
powder,  may  be  fet  on  a truncate  cone,  or  on  a dome 
formed  by  a curve  that  is  convex  toward  the  axis  ; pro- 
vided always  that  the  foundation  be  effedfually  prevent- 
ed from  flying  out,  either  by  a hoop,  or  by  a fufficient 
mafs  of  folid  pier  on  which  it  is  fet.  We  have  mention- 
ed the  many  failures  which  happened  to  the  dome  of 
St  Sophia  in  Conftantinople.  We  imagine  that  the 
thruft  of  the  great  dome,  bending  the  eaftern  arch  out- 
ward as  foon  as  the  pier  began  to  yield,  deftroyed  the 
half  dome  which  was  leaning  on  it,  and  thus,  almoft  in 
an  inftant,  took  away  the  eaftern  abutment.  We  think 
that  this  might  have  been  prevented,  without  any  change 
in  the  injudicious  plan,  if  the  dome  had  been  hooped 
with  iron,  as  was  praflifed  by  Michael  Angelo  in  the  /— 

vaftly  more  ponderous  dome  of  St  Peter’s  at  Rome,  and  P ^ ^ ^2  1 

by  Sir  Chriftopber  Wren  in  the  cone  and  the  inner  the’^^glght  of 
dome  of  St  Paul’s  at  London.  The  weight  of  the  ° 

latter  confiderably  exceeds  3000  tons,  and  they  occa- 
fion  a horizontal  thruft  which  is  nearly  half  this  quan- 
tity, the  elevation  of  the  cone  being  about  60®.  This 
being  diftributed  round  the  circumference,  occafions  a 

ftrain  on  the  hoop  = of  the  thruft,  or  nearly 


half  AH. 

Let  AD  be  called  x,  and  DB  be  called  y.  Then 

* • 

h e — X,  and  e C zzy  (becaufe  ^ r is  in  the  diredtion  of 

• 

the  element  b').  It  is  alfo  plain,  that  if  we  makej/ 

conftant,  BC  is  the  fecond  fluxion  of  x,  or  BC  =r  x, 
and  b e and  BE  may  be  confidered  as  equal,  and  taken 

n — ^ 

indifcriminately  for  x.  We  have  alfo  ^ C = V 

Let  d be  the  depth  or  thicknefs  HI  of  the  arch  ftones. 

/~ ^ 

Then  d ^ wlA  reprefent  the  trapezium  HL  : 

and  fmce  the  circumference  of  each  courfe  increafes  in 

^ . 

the  proportion  of  the  radius_y,  V x*  + j^willex- 
prefs  the  whole  courfe.  If  J be  taken  to  reprefent  the 
fum  or  aggregate  of  the  quantities  annexed  to  it,  the 
formula  will  be  analogous  to  the  fluent  of  a fluxion,  and 


Therefore  we 

7;* 


' will  reprefent  the  whole  mafs,  and  alfo 
the  vaulting,  down  to  the  joint  HI. 

have  this  proportion  J’ d y J x® 


'.dy 


+r 


or 

2X22 

238  tons.  A fquare  inch  of  the  word  iron,  if  well 
forged,  will  carry  25  tons  with  perfect  fafety  ; therefore 
a hoop  of  7 inches  broad  and  inches  thick  will  com- 
pletely fecure  this  circle  from  burfting  outwards.  It  is, 
however,  much  more  completely  fecured  ; for  befides  a 
hoop  at  the  bafe  of  very  nearly  thefe  dimenfions,  there 
are  hoops  in  different  courfes  of  the  cone  which  bind  it 
into  one  mafs,  and  caufe  it  to  prefs  on  the  piers  in  a di- 
rection exactly  vertical.  The  only  thrufts  which  the 
piers  faftain  are  thofe  from  the  arches  of  the  body  of 
the  church  and  the  tranfepts.  Thefe  are  moil  judi- 
cioufly  directed  to  the  entering  angles  of  the  building, 
and  are  there  refilled  with  infuperable  force  by  the 
whole  lengths  of  the  walls,  and  by  four  folid  maffes  of 
mafonry  in  the  corners.  Whoever  confiders  with  at- 
tention and  judgment  the  plan  of  this  cathedral,  will  fee 
that  the  thrulls  of  thefe  arches,  and  of  the  dome,  are 


=r  X : CG.  Therefore  CG  z= 


bV,  z=  b e iCG,  =zJ'd 

• /“ 

X V X* 


CG, 


dyi 


+y 


v: 


f dy  V x^+y^ 

If  the  curvature  of  the  dome  be  precifely  fuch  as 
puts  it  in  equilibrium,  but  without  any  mutual  preffure 
in  the  vertical  joints,  this  value  of  OG  muft  be  equal  to 

CB,  or  to  X,  the  point  G coinciding  with  B.  This 

. /— 

</yxV  X 


condition  will  be  expreffed  by  the  equation 


= X, 


or,  more  conveniently,  by 


Jdy'J  x’-j-v* 

/T—  .. 

dy  V x^-j-y^  x 

~7, 
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fdy»J  x^-jry‘ 

But  this  form  gives  only  a tottering  equilibrium,  inde- 
pendent of  the  fridlion  of  the  joints  and  the  cohefion  of 
the  cement.  An  equilibrium,  accompanied  by  fome  firm 
incomparably  better  balanced  than  in  St  Peter’s  church  ftability,  produced  by  the  mutual  preffure  of  the  verti- 

at  Rome.  But  to  return  from  this  fort  of  digreflion.  i 

We  have  feen  that  if  5 G,  the  thruft  compounded  of  ^ ^ , r/yv  ^ 

the  thruft  b C,  exerted  by  all  the  courfes  above  HILK, 
and  if  the  force  b F,  or  the  weight  of  that  courfe,  be 
every  where  coincident  with  b B,  the  element  of  the 
curve,  we  fhall  have  an  equilibrated  dome ; if  it  falls 
within  it,  we  have  a dome  which  will  bear  a greater 
load  ; and  if  it  falls  without  it,  the  dome  will  break  at 
the  joint.  We  muft  endeavour  to  get  analytical  expref- 
fions  of  thefe  conditions.  Therefore  draw  the  ordinates 


cal  joints,  may  be  expreffed  by  the  iorm\Adi— 


fdyj-. 


+y^ 


, or  by 


where  t is  fome 


variable  pofitive  quantity,  which  increafes  when  x in- 
creafes. 
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by  giving  connexion  to  the  upper  parts,  caufes  the 
whole  to  prefs  more  vertically  on  the  courfe  below,  and 
thus  diminiihes  the  outward  thruft  ; but  it  at  the  fame 
time  diminiihes  the  mutual  abutment  of  the  vertical 
joints,  which  is  a great  caufe  of  firmnefs  in  the  vault- 
ing. A Gothic  dome,  of  which  the  upper  part  is  a 
portion  of  a fphere  not  exceeding  45®  from  the  vertex, 
and  the  lower  part  is  concave  outwards,  will  be  very 
ftrong,  and  not  ungraceful. 

But  the  public  tafte  has  long  rejedled  this  form,  and 
feems  rather  to  feledl:  more  elevated  domes  than  this  por- 
tion of  a fphere ; becaufe  a dome,  when  feen  from  a 
fmall  diftance,  always  appears  flatter  than  it  really  is. 
The  dome  of  St  Peter’s  is  nearly  an  ellipfoid  externally, 
of  which  the  longer  axis  is  perpendicular  to  the  horizon. 

It  is  very  ingenioufly  conftrudted.  It  fprings  from  the 
bsfe  perpendicularly,  and  is  very  thick  in  this  part. 


] 


is 

After  rifing  about  50  feet,  the  vaulting  feparates  into 
two  thin  vaultings,  which  gradually  feparate  from  each 
other.  Thefe  two  fhells  are  conneSed  together  by  thin 
partitions,  which  are  very  artificially  dovetailed  in  both, 
and  thus  form  a covering  which  is  extremely  ftiff,  while 
it  is  very  light.  Its  great  ftifrnefs  was  neceflary  for  en- 
abling the  crown  of  the  dome  to  carry  the  elegant  ftone 
lanthern  with  fafety.  It  is  a wonderful  performance, 
and  has  not  its  equal  in  the  world  ; but  it  is  an  enor- 
mous load  in  comparifon  with  the  dome  of  St.  Paul’s, 
and  this  even  independent  of  the  difference  of  fize.  If 
they  were  of  equal  dimenfions,  it  would  be  at  lead  five 
times  as  heavy,  and  is  not  fo  firm  by  its  gravity  ; but 
as  it  is  connedled  in  every  part  by  iron  bars  (lodged  in 
the  folid  mafoni  y,  and  well  fecured  from  the  weather  by 
having  lead  melted  all  round  them),  it  bids  fair  to  laft 
for  ages,  if  the  foundations  do  not  fail. 

If  a circle  be  deferibed  round  a centre  placed  any- 
where in  the  tranfverfe  axis  AC  (fig.  18.  N°  i.)  of  an 
ellipfe,  fo  as  to  touch  the  ellipfe  in  the  extremities  B,  h, 
of  an  ordinate,  it  will  touch  it  internally,  and  the  circu- 
lar arch  B a ^ will  be  v/holly  within  the  elliptical  arch 
BA  h.  Therefore,  if  an  elliptical  and  a fpherical  vault- 
ing fpring  from  the  fame  bafe,  at  the  fame  angle  with 
the  horizon,  the  fpherical  vaulting  will  be  within  the  el- 
liptical, will  be  flatter  and  lighter,  and  therefore  the 
weight  of  the  next  courfe  below  will  bear  a greater  pro- 
portion to  the  thrud  in  the  direffion  of  the  curve  ; 
therefore  the  fpherical  vaulting  will  have  more  dability. 
On  the  contrary,  and  for  fimilar  reafons,  an  oblate  el- 
liptical vaulting  is  preferable  to  a fpherical -vaulting 
fpringing  with  the  fame  inclination  to  the  horizon. 
(Fig.  18.  N®  2.)  . . - 

Perfuaded,  that  v,’hat  has  been  faid  on -the  fubjeff 
convinces  the  reader  that  a vaulting  perfefUy  equilibra- 
ted throughout  is  by  no  means  the  bed  form,  provided 
that  the  bafe  is  fecured  from  feparating,  we  think  it  un- 
neceffary  to  give  the  invedigation  of  that  form,  which 
has  a confiderable  intricacy  ; and  lhall  content  ourfelves 
w'ith  merely  giving  its  dimenfions.  The  thicknefs  is 
fuppofed  uniform.  The  numbers  in  the  fird  column  of 
the  table  exprefs  the  portion  of  the  axis  counted  from 
the  vertex,  and  thofe  of  the  fecond  column  are  the 
lengths  of  the  ordinates. 
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The  curve  delineated  in  fig.  19.  is  formed  according 
to  thefe  dimenfions,  and  appears  deditute  of  graceful- 
nefs  ; becaufe  its  curvature  changes  abruptly  at  a little 
didance  from  the  vertex,  fo  that  it  has  fome  appearance 
of  being  made  up  of  different  curves  pieced  together. 

But  if  the  middle  be  occupied  by  a lanthern  of  equal, 
or  of  fmaller  weight,  this  defeid  will  ceafe,  and  the  whole 
will  be  elegant,  nearly  refembling  the  exterior  dome  of 
St  Paul’s  in  London. 

It  is  not  a fmall  advantage  of  dome-vaulting  that  it  Advantages 
is  lighter  than  any  that  can  cover  the  fame  area.  If,  of  dome- 
moreoVer,  it  be  fpherical,  it  will  admit  confiderable  va-  vaulting, 
rieties  of  figure,  by  combining  different  fpheres.  Thus, 
a dome  may  begin  from  its  bafe  as  a portion  of  a large 
hemifphere,  and  may  be  broken  off  at  any  horizontal 
courfe,  and  then  a fimilar  or  a greater  portion  of  a fmal- 
ler fphere  may  fpring  from  this  courfe  as  a bafe.  It 
alfo  bears  being  interfered  by  cylindrical  vaultings  in 
every  diredion,  and  the  interfedtions  are  exadl  circles, 
and  always  have  a pleafing  effedt.  It  alfo  fprings  moff 
gracefully  from  the  heads  of  fmall  piers,  or  from  the 
corners  of  rooms  of  any  polygonal  fhape  ; and  the  arches 
formed  by  its  interfedtions  with  the  walls  are  always  cir- 
cular and  graceful,  forming  very  handfome  fpandrels  in 
every  pofition.  For  thefe  reafons  Sir  Chriftopher  Wren 
employed  it  in  all  his  vaultings,  and  he  has  exhibited 
many  beautiful  varieties  in  the  tranfepts  and  the  aifles 
of  St  Paul’s,  which  are  highly  worthy  of  the  obferva- 
tion  of  architedts.  Nothing  can  be  more  graceful  than 
the  vaultings  at  the  ends  of  the  north  and  fouth  tran- 
fepts, efpecially  as  finilhed  off  in  the  fine  infide  view 
publiflied  by  Gwynn  and  Wale.  ^5 

We  csnclude  this  article  with  obferving,  that  the  Effedls  of 
connedtion  of  the  parts,  arifing  from  cement  and,  from  ceinent  and 
fridtion,  has  a great  effedt  on  dome-vaulting.  In  the 
fame  way  as  in  common  arches  and  cylindrical  vaulting,  vaujt- 
it  enables  an  overload  on  one  place  to  break  the  dome 
in  a diftant  place.  But  the  refiftance  to  this  effedt  is 
much  greater  in  dome-vaulting,  becaufe  it  operates  all 
round  the  overloaded  part.  Hence  it  happens  that  domes 
are  much  lefs  ftiattered  by  partial  violence,  fuch  as  the 
falling  of  a bomb  or  the  like.  Large  holes  may  be  bro-  • 
ken  in  them  without  much  affedting  the  reft  ; but,  on 
the  other  hand  it  greatly  diminifhes  the  ftrength  which 
ftiould  be  derived  from  the  mutual  preflure  in  the  verti- 
cal joints.  Fridtion  prevents  the  Hiding  in  of  the  arch 
ftones  which  produces  this  mutual  preffure  in  the  verti- 
cal joints,  except  in  the  very  higheft  courfes,  and  even 

there 
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Arch,  there  it  greatly  diminilhes  it.  Thefe  caufes  make  a 
great  change  in  the  form  which  gives  the  greateft 
Itrength  : and  as  their  laws  of  a<Sion  are  but  very  im- 
perfectly underftood  as  yet,  it  is  perhaps  irapoffible,  in 
the  prefent  ftate  of  our  knowledge,  to  determine  this 
form  with  tolerable  precifion.  We  fee  plainly,  how- 
ever, that  it  allows  a greater  deviation  from  the  bell 
form  than  the  other  kind  of  vaulting,  and  domes  may 
be  made  to  rife  perpendicular  to  the  horizon  at  the 
bafe,  although  of  no  great  thicknefs  ; a thing  which 
muft  not  be  attempted  in  a plane  arch.  The  immenfe 
addition  of  ftrength  which  may  be  derived  from  hoop- 
ing, largely  compenfates  for  all  defeCis  ; and  there  is 
hardly  any  bounds  to  the  extent  to  which  a very  thin 
dome  vaulting  may  be  carried,  when  it  is  hooped  or 
framed  in  the  direction  of  the  horizontal  courfes.  The 
roof  of  the  Halle  du  Bled  at  Paris  is  but  a foot  thick, 
and  its  diameter  is  more  than  200,  yet  it  appears  to 
have  abundant  llrength.  It  is,  on  the  whole,  a noble 
fpecimen  of  architecture. 

47 

The  iron  We  mu(l  not  conclude  this  article  without  taking 
bridge  at  notice  of  that  magnificent  and  elegant  arch  which  has 
Sundwland  been  ereCted  in  call  iron  at  Werernouth,  near  Sunder- 
efcnbed.  jjj  tbe  county  of  Durham.  The  inventor  and  ar- 

chitect is  Rowland  Burdon,  Efq  ; one  of  the  repre- 
fentatives  of  that  county  in  the  prefent  Parliament. 

This  arch  is  a fegment  of  a circle  whofe  diameter  is 
about  444  feet.  The  fpan  or  cord  of  the  arch  is  236 
feet,  and  its  verfed  fine  or  fpring  is  34  feet.  It  fprings 
at  the  elevation  of  60  feet  from  the  iurface  of  the  ri- 
ver at  low  water,  fo  that  veflels  of  200  or  perhaps  300 
tons  burden  may  pafs  under  it  in  the  middle  of  the 
Itream,  and  even  50  feet  on  each  fide  of  it. 

The  fweep  of  the  arch  confifts  of  a feries  of  frames  of 
call  iron,  which  butt  on  each  other,  in  the  fame  man- 
ner as  the  vouffoirs  of  a ftone  arch.  One  of  thefe 
frames  or  blocks  (as  we  lhallcall  themin  future)  is  repre- 
Platc  IV.  fented  in  fig.  i.  as  feen  in  front.  It  is  caft  in  one  piece  ; 

and  confifts  of  three  pieces  or  arms  BC,  BC,  BC,  the 
middle  one  of  which  is  two  feet  long,  the  upper  being 
fomewhat  more,  and  the  lower  fomewhat  lefs,  becaufe 
their  extremities  are  bounded  by  the  radius  drawn  from 
the  centre  of  the  arch.  Thefe  arms  are  four  inches  fquare, 
and  are  connected  by  other  pieces  KL,  of  fuch  length 
that  the  whole  length  of  the  block  is  five  feet  in  the  di- 
rection of  the  radius.  Each  arm  has  a flat  groove  on  each 
fide,  which  is  expreffed  by  thedarkerfhading, three  inches 
broad  and  three-fourths  of  an  inch  deep.  A feCiion  of 
this  block,  through  the  middle  of  KL,  is  reprefented 
by  the  Hght-fhaded  part  BBB,  in  which  the  grooves  are 
more  diftinCtly  perceived.  Tliefe  grooves  are  intended 
for  receiving  flat  bars  of  malleable  iron,  which  are  em- 
ployed for  connecting  the  difterent  blocks  with  each 
other.  Fig.  2.  reprefents  two  blocks  united  in  this 
manner.  For  this  purpofe  each  arm  has  two  fquare 
bolt-holes.  The  ends  of  the  arms  being  nicely  trimmed 
off,  fo  that  the  three  ends  butt  equally  clofe  on  the 
ends  of  the  next  block  ; and  the  bars  of  hammered  iron 
being  alfo  nicely  fitted  to  their  grooves,  fo  as  to  fill 
them  completely,  and  have  their  bolt-holes  exaCtly  cor- 
refponding  to  thofe  in  the  blocks,  they  are  put  toge- 
ther in  fuch  a manner  that  the  joints  or  meetings  of  the 
malleable  bars  may  fall  on  the  middle  between  the  bolt- 
holes in  the  arms.  Flat  Leaded  bolts  of  wrought  iron 
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are  then  put  through,  and  keys  or  forelocks  are  driven  Arch, 
through  the  bolt-tails,  and  thus  all  is  firmly  wedged  to- 
gecher,  binding  each  arm  between  two  bars  of  wrought 
iron.  Thefe  bars  are  of  fuch  length  as  to  conneCl  fe- 
veral  blocks. 

In  this  manner  a feries  of  about  125  blocks  are  joined 
together,  fo  as  to  form  the  precife  curve  that  is  in- 
tended. This  feries  may  be  called  a rib,  and  it  ftands 
in  a vertical  plane.  The  arch  confifts  of  fix  of  thefe 
ribs,  diftant  from  each  other  five  feet.  Thefe  ribs  are 
connected  together  fo  as  form  an  arch  of  32  feet  in 
breadth,  in  the  following  manner. 

Fig.  3.  reprefents  one  of  the  bridles  or  crofs  pieces 
which  connect  the  different  ribs,  as  it  appears  when 
viewed  from  below.  It  is  a hollow  pipe  of  caft  iron, 
four  inches  in  diameter,  and  has  at  each  end  two  pro- 
jecting fhoulders,  pierced  w ith  a bolt  hole  near  their  ex- 
tremities, fo  that  the  diftance  between  the  bolt-holes  in 
the  fhoulders  of  one  end  is  equal  to  the  diftance  between 
the  holes  in  the  arms  of  the  blocks,  or  the  holes  in  the 
wrought  iron  bars.  In  the  middle  of  the  upper  and  of 
the  underfide  of  each  end  may  beobferved  a fquare  pro- 
minence, more  lightly  (haded  than  the  reft.  Thefe  pro- 
jeCfions  alfo  advance  a little  beyond  the  flat  of  the  flioul- 
ders,  forming  between  them  a fliallow  notch,  about  an 
inch  deep,  which  receives  the  iron  of  the  arms,  where 
they  butt  on  each  other,  and  thus  gives  an  additional 
firmnefs  to  the  joint.  The  manner  in  w'hich  the  arms 
are  thus  grafped  by  thefe  notches  in  the  bridles  is  more 
diftinCtly  feen  in  fig.  2.  at  the  letter  H in  the  middle  of 
the  upper  rail. 

The  rib  having  been  all  trimmed  and  put  together, 
fo  as  to  form  the  exaCl  curve,  the  bolts  are  all  taken 
out,  and  the  horizontal  bridles  are  then  fet  on  in  their 
places,  and  the  bolts  are  again  put  in  and  made  fail  by 
the  forelocks.  The  bolts  now  pafs  through  the  flioul- 
ders  of  the  bridles,  through  the  w-rought  iron  bars,  and 
through  the  caft  iron  arm  that  is  between  them,  and 
the  forelocks  bind  all  fall  together.  The  manner  in 
wEich  this  conneClion  is  completed  is  diftinCtly  feen  in 
fig.  2.  which  (hows  in  perfpeClive  a double  block  in 
front,  and  a Angle  block  behind  it.  The  butting  joints 
of  the  two  front  blocks  are  at  the  letters  E,  E,  E ; the 
holes  in  the  fhoulders  of  the  horizontal  crofs  pieces  are 
at  H.  g 

This  conftruCtion  is  beautifully  fimple  and  very  judi- 
cious.  A vaft  addition  of  ftrength  and  of  ftiffnefs  is  ftrucftion 
procured  by  lodging  the  wrought  iron  bars  in  grooves  fimple  and 
formed  in  the  caft  iron  rails ; and  for  this  purpofe  it  is  of  judicious, 
great  importance  to  make  the  wrought  iron  bars  fill  the 
grooves  completely,  and  even  to  be  fo  tight  as  to  re- 
quire the  force  of  the  forelocks  to  draw  them  home  to 
the  bottom  of  the  grooves.  There  can  be  no  doubt  but 
that  this  arch  is  able  to  withftand  an  enormous  pief- 
fure,  as  long  as  the  abutments  from  which  it  fprings  do 
not  yield.  Of  this  there  is  hardly  any  rilh,  becaufe 
they  are  maffes  of  rock,  faced  with  about  four  or  five 
yards  (in  fome  places  only)  of  folid  block  malonry. 

The  mutual  thrufts  of  the  frames  are  all  in  the  direCfion 
of  the  rails,  fo  that  no  part  bears  any  tranfverfe  ftrain. 

We  can  hardly  conceive  any  force  that  can  overcome 
the  ftrength  of  thofe  arras  by  preflure  or  cru  fifing  them. 

The  manner  in  which  the  frames  are  conne(fted  into  one 
rib,  effeiftually  fecures  the  butting  joints  from  flipping; 
and  the  accuracy  with  which  the  whole  can  be  e.\ecut- 
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Architec-  whofe  exertions  have  been  more  or  lefs  influenced  by 
j the  ftate  of  civilization  in  which  they  lived.  It  would 
feem,  however,  if  we  may  judge  by  thofe  various  ef- 
forts, that  little  has  been  effeded  by  mere  human  in- 
genuity ; fince  we  fee  that  recourfe  has  been  had,  al- 
moft  univerfally,  to  nature,  the  great  and  legitimate 
fource  of  beauty  ; and  that  ornament  has  been  attain- 
ed by  the  imitation  of  objeds,  to  which  flie  has  given 
a determinate  and  charaderiftic  form. 

“ Where  the  materials  employed  are  themfelves  pof- 
felTed  of  variety  and  elegance,  the  attainment  of  this  ob- 
jed  requires  little  or  no  alteration  of  their  natural  forms. 
Thus  cups  are  made  of  fliells,  of  cocoa  nuts,  or  of  oftrich 
eggs  ; the  charader  and  beauty  of  which  depend  upon 
the  natural  form  of  the  materials  ; and  in  the  cafe  of 
the  bottles  ufed  by  the  Roman  Catholic  pilgrims  an 
example  occurs  of  an  utenfil,  in  which  the  natural  form 
has  undergone  little  or  no  variation,  fince  it  confifts  of 
the  hard  outward  flcin  of  a gourd,  of  the  fame  fhape  in 
which  it  grew  upon  the  plant  (a).  This  lafl:  clafs  of 
forms  has  been  introduced,  by  imitation,  into  works 
compofed  of  ftiapelefs  materials.  Thus  we  have  filver 
cups  in  the  form  of  thofe  made  of  fliells,  and  fruit- 
dilhes  of  ftone  ware  in  the  form  of  bafkets. 

“ As  ftone  is  not  naturally  poflefted  of  any  peculiar 
fhape,  and  as  the  ufeful  objed  propofed,  by  ftrudures 
formed  of  it,  may  be  accomplllhed  in  various  w'ays, 
very  great  latitude  is  left  to  the  invention  of  the  artift. 
We  fee,  accordingly,  that  in  every  country  where  much 
refinement  has  been  introduced,  great  pains  have  been 
beftowed  in  ornamenting  ftone  buildings  with  figures 
reprefenting  various  natural  objeds ; w'hilft  the  build- 
ing itfelf  has  been  executed  in  imitation  of  a ftrudure, 
compofed  of  materials  which  naturally  pnflefs  a deter- 
minate and  charaderiftic  form.  Such  was  the  method 
followed  by  the  architeds  of  ancient  Greece,  who  con- 
ftruded  temples,  and  other  public  edifices,  in  imitation 
of  a ruftic  fabric,  compofed  of  fquare  beams,  fupported 
upon  round  pofts  or  ftems  of  trees,  and  who  derived  the 
numerous  ornaments  of  that  beautiful  ftyle  from  cir- 
cumftances  which  would  naturally  take  place  in  fuch  a 
ftrudure. 

“ A faint  and  diftant  refemblance,  however,  of  the 
original,  has  generally  been  found  to  anfwer  all  the  end 
propofed  by  the  imitation  ; a refemblance,  which  may 
fometimes  be  traced  in  the  general  diftribution  of  the 
edifice,  fometimes  in  its  minute  parts,  and  not  unfre- 
quently  in  both. 

“ But  the  forms  of  nature  thus  introduced  have  been 
greatly  modified  by  thofe  of  mafonry.  For  though 
ftone  is  by  nature  lhapelefs,  yet,  in  the  courfe  of  prac- 
tice, many  peculiar  forms  have  been  long  eftablilhed, 
and  currently  employed,  in  working  it ; fuch  as  ftraight 
lines,  plain  furfaces,  fquare  angles,  and  various  mould- 
ings ufed  to  foften  the  effed  of  abrupt  terminations : 
all  of  which,  originating  in  motives  of  mechanical  con- 
venience, and  of  fimple  ornament,  had,  in  very  early 
times,  been  appropriated  to  mafonry,  and  confidered  as 
efl’ential  in  every  finilhed  work  of  ftone  ; fo  that,  when 


the  imitation  of  nature  was  introduced,  thefe  mafonic  Architec- 
forms  ftill  maintained  their  ground,  and,  being  blended  ^ure. 
with  the  forms  of  nature,  the  two  clalfes  reciprocally 
modified  each  other. 

“ This  combination  of  art  with  nature,  of  which  w'e 
fee  the  moft  perfed  example  in  the  Corinthian  capital, 
produces  w’hat  are  called  architedonic  forms,  in  which 
the  variety  of  nature,  being  fubjeded  to  the  regularity 
of  art,  the  work  acquires  that  peculiar  charader  which, 
in  a natural  objed,  w'e  confider  as  offenfive,  under  the 
name  of  formality  ; but  which,  in  architedure,  we  ad- 
mire as  a beauty,  under  the  name  of  fymmetry  : thus, 
we  reprobate  the  formality  of  an  avenue,  and  praife  the 
fymm.etry  of  a colonnade. 

“ Such  is  the  nature  of  architedonic  imitation  ; a 
device  which  probably  originated  in  accident,  but  to 
which  architedure  is  indebted  for  its  higheft  attain- 
ments.” 

As  the  ftone  edifices  of  ancient  Greece  were  con- 
ftruded  in  imitation  of  a wooden  fabric,  compofed  of 
fquare  beams  laid  at  right  angles  on  round  pofts  or 
ftems  of  trees.  Sir  James  conceives  that  the  Gothic  fa- 
brics with  pointed  arches  have  been  executed  in  imita- 
tion of  a ruftic  dwelling,  conftruded  in  the  following 
manner  : Suppofe  a fet  of  round  pofts  driven  firmly  in- 
to the  ground  in  two  oppofite  rows,  the  interval  be- 
tw'een  the  neighbouring  pofts  in  the  fame  row  being 
equal  to  that  between  the  rows,  and  each  poft  being 
railed  above  the  ground  to  a height  equal  to  three  of 
thofe  intervals ; then  a fet  of  long  and  flexible  rods  of 
willow  being  applied  to  each  poft,  let  them  be  thruft 
into  the  ground  at  its  bafe,  and  bound  to  it  by  two 
ty  ings,  one  near  the  ground,  and  another  at  two-thirds 
of  its  height ; the  rods  being  left  loofe  from  this  laft 
point  upwards,  and  free  to  be  moved  in  any  diredlion. 

Let  three  rods  be  connedfed  with  each  outfide  corner 
poft,  and  five  with  each  of  the  others,  and  let  their  pc- 
fition  be  fuch  as  to  cover  the  infide  of  the  poft,  fo  that 
when  feen  from  between  the  rows  the  lower  part  of 
each  poft  fliall  be  concealed  from  the  view',  and  prefent 
the  appearance  of  a bundle  of  rods  (fig  i.)  y 

Things  being  thus  difpofed,  the  fkeleton  of  a thatch- 
ed roof  may  be  formed  by  means  of  the  loofe  ends  of 
the  rods.  A rod  from  one  of  the  pofts  being  fo  bent 
as  to  meet  a fimilar  one  from  the  poft  immediately  op- 
pofite to  it,  in  the  middle  of  the  Ipace  betw'een  them, 
let  the  tw’o  rods  be  made  to  crofs  each  other,  and  let 
them  be  bound  together  at  their  crofling  (fig.  2.),  and 
we  fhall  have  the  exadf  form  of  the  Gothic  arch.  The 
fame  being  done  with  each  pair  of  oppofite  pofts,  and  a 
fet  of  pointed  arches  being  formed,  let  them  be  connect- 
ed together  by  means  of  a ftraight  pole  laid  upon  the 
forks  of  the  croflfing  rods,  and  bound  to  each  of  them, 
as  in  fig.  3 : then  let  a loofe  rod  be  brought  from 
each  of  any  two  contiguous  pofts  in  the  fame  row,  fo 
as  to  form  a pointed  arch,  fimilar  to  that  juft  defcribed, 
and  nearly  of  the  fame  height.  This  being  done  wfith 
every  two  contiguous  pofts  (fig.  4.),  and  a new  fet  of 
pointed  arches  being  thus  produced.  Handing  oppofite 

to 


(a)  “ Even  in  this  cafe,  however,  the  natural  form  undergoes  a certain  degree  of  modification,  by  the  device 
employed  to  produce  the  neck  of  the  bottle.  The  fruit,  while  fmall  and  tender,  is  furrounded  v/ith  a firing, 
which  remaining  during  its  growth,  prevents  the  part,  thus  bound,  from  fwelling  with  the  reft.” 


ARC  C40]  ARI 

to  each,  other  in  pairs,  let  each  pair  be  bound  by  a ho-  they  reprefent  accurately  the  pointed  and  femiclrcular  Arilu* 
rizontal  pole  lying  on  the  oppofite  forks,  and  eroding  arches,  and  all  the  other  peculiarities  of  a groined  roof.” 
the  longitudinal  pole  deferibed  above.  ARCTUS,  a name  given  by  the  Greeks  to  two  con- 

“ Two  of  the  rods  of  each  corner  poft,  and  three  of  ftellations  of  the  northern  hemifphere,  by  the  Latins 
thofe  of  each  of  the  ethers,  being  thus  difpofed  of,  we  called  Ursa  Major  and  Minor^  and  by  us  the  Greater 
have  one  of  each  corner  pod  and  two  of  each  middle  and  IjcJfer  Bear. 

pod  dill  to  employ,  which  is  done  as  follows:  A pair  ARGYLL,  atowndiipin  Wafliington  county,  New- 
cf  thefe  unoccupied  rods  being  brought  from  any  two  York,  on  the  E.  bank  of  Hudfon  River,  containing 
pods  which  dand  diagonally  to  each  other,  and  made  2341  inhabitants,  inclufive  of  14  flaves.  In  the  date 
to  meet  in  the  middle,  not  as  in  the  fird  cafe  eroding  cenfus  of  1796,  there  appears  to  be  404  eledlors. — 
in  an  angle,  but  fide  by  fide,  forming  a femicircle,  and  Morse. 

joined  together  after  the  manner  of  a hoop  ; and  the  Argyle,  a towndrip  in  Shelburne  county,  Nova- 
fame  being  done  with  every  pair  of  diagonal  pods  (fig-  Scotia,  fettled  by  Acadians  and  Scotch. — lb. 

5.),  the  whole  rods  will  have  been  eihployed.  i^RIES  Kill,  a fmall  creek  which  runs  northerly  in- 

“ In  this  manner  a frame  would  be  condruded  fit  to  to  Mohawk  River,  2\  miles  W.  from  Schoharie  Ri- 
fupport  thatch  or  other  covering;  and  fuch  a one  has  ver,  in  New-York. — lb. 

probably  been  often  ufed.  It  would  feem,  however,  Binary  ARITHMETIC.  See  Binary  Arithmetic^ 
that,  for  the  fake  of  drength,  the  number  of  rods  has  Encycl. 

been  increafed  in  each  cluder,  by  the  introdudion,  be-  Duodecimal  Arithmetic,  is  that  which  proceeds  from 
tween  every  two  of  them,  of  an  additional  rod,  which  1 2 to  12,  or  by  a continual  fubdivifion  according  to  12. 
rifing  with  them  to  the  roof,  dill  continues  its  middle  This  is  greatly  ufed  by  mod  artificers  in  calculating  the 
pofition,  as  they  fpread  afunder,  and  meets  the  horl-  quantity  of  their  work  ; as  bricklayers,  carpenters,  paint- 
zontal  pole  at  an  intermediate  point.  This  is  ihown  ehs,  tilers,  &c. 

in  fig.  6.  which  is  drawn  with  its  covering  of  thatch  ; Harmonical  Arithmetic,  is  fo  much  of  the  dodrine 
and,  from  the  imitation  of  a dw’elling  fo  condruded,  of  numbers  as  relates  to  the  m.aking  the  comparifons, 
we  may  eafily  trace  the  three  leading  charaderidics  of  redudions,  &c.  of  mufical  intervals. 

Gothic  architedure,  the  pointed  arch,  the  cindered  co-  Arithmetic  of  infinites,  is  the  method  of  dimming 
lumn,  and  the  branching  roof,  as  exhibited  in  fig.  7.”  up  a feries  of  numbers,  of  which  the  number  of  terms 
Upon  the  fame  principlgs  Sir  Jam.es  Hall,  with  much  is  infinite.  This  metlxod  was  fird  invented  by  Dr.  Wal- 
ingenuity,  accounts  for  the  peculiar  forms  of  the  Go-  lis,  as  appears  by  his  treaiife  on  that  fubjed  ; where 
thio  door,  the  Gothic  window,  and  the  pointed  fpire ; he  (hows  its  ufes  in  geometry,  in  finding  the  areas  of 
but  It  is  not  our  intention  to  fuperfede  the  necefficy  of  fuperficies,  the  contents  of  folids,  &c.  But  the  method 
having  recourfe  to  his  memoir,  but  to  excite  the  defire  of  fluxions,  which  is  a kind  of  univerfal  arithmetic  of 
of  our  readers  to  perufe  as  well  that  paper  as  a larger  infinites,  performs  all  thefe  more  eafily,  as  well  as  a 
■w'ork  which  he  promifes  on  thefarae fubjed,  and  In  which  great  many  other  things,  which  the  former  will  not 
we  doubt  not  but  they  will  find  both  entertainment  and  reach. 

indrudion.  We  fhall  conclude  this  article,  therefore,  Logifiical  Arithmetic,  a name  fometimes  employed 
with  an  experimental  proof  of  the  judnefs  of  his  hypo-  for  the  arithmetic  of  fexagefimal  fradions,  ufed  in  adro- 
thefis.  nomical  computations.  Shakerly,  in  his  Tabuhe  Bri- 

In  the  greater  part  of  our  late  attempts  at  Gothic  tannicce,  has  a table  of  logarithms  adapted  to  fexagefi- 
architedure,  it  is  allowed  by  every  man  of  tade  that  we  mal  fradions,  which  he  calls  logifiical  logarithms  ; and 
have  failed.  The  failure  Is  to  be  accounted  for  by  the  the  expeditious  arithmetic,  obtained  by  means  of  them, 
buildings  having beencondrudeduponnoconfidentprin-  he  calls  logifiical  arithmetic.  The  term  logifiical  arith- 
ciple,  applicable  to  every  part  of  them,  but  upon  a fervile  snelic,  however,  or  logiflia,  has  been  ufed  by  Vieta  and 
copying  of  ancient  edifices,  of  w'hich  the  drudure  v/as  others  for  the  rules  of  computations  in  algebra, 
lirtle  underdood  by  the  copiers.  Sir  James  Hall,  how-  Political  Arithmetic.  See  Political  Arithmetic, 
ever,  by  applying  his  theory  to  pradice,has  condruded  a Encycl. 

building  in  this  dyle,  which  has  far  furpalfed,  he  fays,  his  Sexagefimal  Arithmetic.  See  Arithmetic  (Hijl.) 
own  expedation,  and  has  certainly  gained  the  approba-  Encycl. 

tion  of  every  man  of  tade  and  fcience  by  whom  we  TetraAic  Arithmetic,  is  that  In  which  only  the  four 
have  had  occafion  to  hear  It  mentioned.  “.A  fet  of  charaders,  o,  i)  2,  3,  are  ufed.  A treatife  of  this  kind 
pods  of  afh,  about  three  inches  in  diameter,  were  placed  of  arithmetic  is  extant  by  Erhard  or  Echard  Weigel, 
in  two  rows,  four  feet  afunder,  and  at  the  interval  of  But  both  this  and  binary  arithmetic  are  little  better 
four  feet  in  the  rows ; then  a number  of  flender  and  ta-  than  curlofities,  efpecially  wdth  regard  to  pradice  ; as 
pering  willow  rods,  ten  feet  in  length,  were  applied  to  all  numbers  are  much  more  compendioufly  and  conve- 
the  pods,  and.  In  the  manner  which  we  have  deferibed,  niently  exprefl'ed  by  the  common  decuple  fcale. 
formed  into  a frame,  which  being  covered  w'ith  thatch,  Univerfal  Arithmetic,  is  the  name  given  by  New- 
produced  a very  fubdantial  roof,  under  which|a  perfon  ton  to  the  fcience  of  algebra  ; of  which  he  left  at  Cam- 
can  walk  with  eafe.  bridge  an  excellent  treatife,  being  the  text-book  drawn 

“ This  little  drudure  exhibits,  in  miniature,  all  the  up  for  the  ufe  of  his  ledures,  while  he  was  profelfor  of 
charaderldic  features  of  the  Gothic  dyle.  It  is  in  the  mathematics  in  that  univerfity. 

form  of  a crofs,  with  a nave,  a choir,  and  a north  and  ARITHMETICAL  complement,  of  a loga- 
fouth  tranfept.  The  thatch,  being  fo  difpofed  on  the  rithm,  is  what  the  logarithm  wants  of  10*00000,  &c. 
frame  as  not  to  hide  the  rods  of  which  it  is  compofed,  and  the  eafied  way  to  find  it  is,  beginning  at  the 
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Arlington  left  hand,  to  fubtrad  every  figure  from  9,  and  the  laft 
II  . from  10. 

ARLINGTON,  a townfliip  in  Bennington  county, 
Vermont,  12  miles  N.  trom  Bennington.  It  has  991 
inhabitants. — Morse. 

AR.R  ACIFFE,  a port  town  of  Brazil,  in  the  cap- 
tainlbip  of  Pernambaco ; efteemed  the  ftrongeft  in  all 
Brazil  The  port  confifls  of  a fuburb,  in  which  are 
Ibme  large  houfes,  and  repofitories  for  ftores ; and  is 
built  upon  a narrow  paflage,  with  a caftle  to  defend 
the  entrance.  Notwiihftanding  which,  James  Lancaf- 
ter  entered  the  harbour  in  15955  with  7 Englilh  veffels, 
and  made  himfelf  mafler  of  the  town  and  caftle, 
where  he  continued  a month,  and  carried  off  immenfe 
' plunder ; but  fince  that  time,  the  Portuguefe  have 
rendered  it  almoft  inacceflible  to  enemies.  Lat.  8. 
20.  S.long.  36.  10.  W. — ID. 

ARRAYAL  De  Porate,  a tovrn  in  Brazil,  fituat- 
ed  on  the  W.  fide  of  Para  River,  below  the  jundion 
of  its  two  great  branches. — \h. 

ARROWSIKE,  an  ifland  in  the  diftrid  of  Maine, 
parted  from  Parker’s  Ifland  by  a fmall  ftrait.  It  is 
within  the  limits-  of  Gecrge-Town,  and  contains  near- 
ly -f  of  its  inhabitants,  and  has  a church.  It  contains 
about  20,000  acres  of  land,  including  a large  quanti- 
ty of  fait  marfh. — ih. 

ARSACIDES,  the  IJlands  of  the.,  the  name  given 
by  M.  de  Surville,  in  1769,  to  Solomon’s  Iflands,  on 
account  of  the  barbarous  charader  of  their  inhabitants, 
particularly  at  Port  Praflin.  Thefe  iflands  werevifited 
by  Mr.  Shortland  in  1788,  and  by  him  called  New- 
Georgia  — ib. 

ARTEDI  (John),  was  born  in  the  year  1705,  in 
the  province  of  Angermania,  in  Sweden.  From  na- 
ture he  inherited  an  ardent  paflion  for  all  branches  of 
natural  hiftory,  but  he  excelled  moft  in  that  branch  of 
it  which  is  termed  ichthyology.  In  1724  he  went  to 
ftudy  at  the  univei  fity  of  Upial,  where  feme  years  after- 
wards he  gained  the  friendfltip  of  the  immortal  Linnseus, 
who  narrates  the  principal  events  of  his  life  in  the  fol- 
lowing animated  terms. 

“In  1728  (fays  Linnaeus)  I came  from  Lund  to 
tjpfal.  I wilhed  to  devote  myfelf  to  medicine.  I in- 
quired who,  at  that  univerfity,  excelled  moft  for  his 
knowledge  : every  one  named  Artedi.  I was  impa- 
tient to  fee  him.  I found  him  pale,  and  in  great  di- 
ftrefs  for  the  lofs  of  his  father,  with  his  thin  hair  ne- 
gleded.  He  refembled  the  portrait  of  Ray  the  natu- 
ralift.  His  judgment  was  ripe,  his  thoughts  profound, 
his  manners  fimple,  his  virtues  antique.  The  converfa- 
tion  turned  upon  ftones,  plants,  animals.  I was  enchant- 
ed with  his  obfervations,  equally  ingenious  and  new  ; 
for  at  the  very  firft  he  vras  not  afraid  to  communicate 
them  to  me  with  the  utmoft  franknefs.  I defired  his 
friendfhip,  he  alked  mine.  From  that  moment  we  form- 
ed a friendfliip  ; which  we  cultivated  with  the  greateft 
ardour  for  feven  months  at  Upfal.  I was  his  beft  friend, 
and  I never  had  any  who  was  more  dear  to  me.  How 
fweet  was  that  intimacy  ! With  what  pleafure  did  we 
fee  it  increafe  from  day  to  day  ! The  difference,  even 
of  our  charaflers,  was  ufeful  to  us.  His  mind  was  more 
fevere,  more  attentive  ; he  obferved  more  flowly,  and 
with  greater  care.  A noble  emulation  animated  us. 
As  I defpaired  of  ever  becoming  as  well  inftrudled  in 
cbemiftiy  as  he,  I abandoned  it ; he  alfo  ceafed  to  ftu- 
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dy  botany  with  the  fame  ardour,  to  which  I had  devo-  Artedi. 
ted  myfelf  in  a particular  manner.  We  continued  thus 
to  ftudy  different  branches  of  fcience  ; and  when  one  of 
us  excelled  the  other,  he  acknowledged  him  for  his 
mafter.  We  difputed  the  palm  in  ichthyology  ; but 
foon  I was  forced  to  yield,  and  I abandoned  that  part 
of  natural  hiftory  to  him,  as  well  as  the  amphibia.  I 
fucceeded  better  than  he  in  the  knowledge  of  birds  and 
infeds,  and  he  no  longer  tried  to  excel  in  thefe  branch- 
es. We  marched  together  as  equals  in  lithology,  and 
the  hiftory  of  quadrupeds.  When  one  of  us  made  an 
obfervation,  he  communicated  it  to  the  other ; fcarce  a 
day  pafled  in  which  one  did  not  learn  from  the  other 
fome  new  and  interefting  particular.  Thus  emulation 
excited  our  induftry,  and  mutual  afftftance  aided  our  ef- 
forts. In  fpite  of  the  diftance  of  our  lodgings,  we  faw 
each  other  every  day.  At  laft  1 fet  out  for  Lapland  ; 
he  went  to  London.  He  bequeathed  to  me  his  manu- 
feripts  and  his  books. 

“In  1735  I went  to  Leyden,  where  I found  Ar- 
tedi. I recounted  my  adventures;  he  communicated  his 
to  me.  He  was  not  rich,  and  therefore  was  unable  to 
be  at  the  expence  of  taking  his  degrees  in  phyfic.  I 
recommended  him  to  Seba,  who  engaged  him  to  publifli 
his  work  on  fifties.  Artedi  went  to  join  him  at  Am- 
fterdam. 

“ Scarcely  had  I finiflied  my  Fundamenta  Botanica. 

I communicated  it  to  him  ; he  let  me  fee  his  Philofophia 
Ichthyologica.  He  propofed  to  finifli  as  quickly  as  pof. 
fiblc  the  work  of  Seba,  and  to  put  the  laft  hand  to  it. 

He  ftiowed  me  all  his  manuferipts  which  I had  not  feen : 

I was  prefled  in  point  of  time,  and  began  to  be  impa- 
tient as  being  detained  fo  long.  Alas  ! if  I had  known 
this  was  the  laft  time  I fhould  fee  him,  how  fhould  I 
have  prolonged  it ! 

“ Some  days  after,  as  he  returned  to  fup  with  Seba, 
the  night  being  dark,  he  fell  into  the  canal.  Nobody 
perceived  it,  and  he  periflied.  Thus  died,  by  water, 
this  great  ichthyologift,  who  had  ever  delighted  in  that 
element.” 

Ofthe  vmrks  ofthis  eminent  naturalift  there  have  been 
two  editions,  of  which  the  former  was  publiflied  bv 
Linnaeus  in  1738,  and  the  latter  by  Dr.  Walbaum  of 
Lubeck,  in  the  years  1788,  1789,  and  1792.  This 
edition,  which  is  by  much  the  moft  valuable,  is  in  three 
volumes  4to  ; of  which  the  firft  contains  the  hiftory  of 
the  fcience  of  ichthyology,  commencing  feveral  years 
before  the  Chriftian  era,  and  coming  down  to  the  pre- 
fent  times.  The  fecond  prefents  to  the  reader  the 
Philofophia  Ichthyologica  oft  Artedi,  improved  by  Wal- 
baum, who  was  benefited  by  the  writings  of  Monro, 

Camper,  Kactfeuter  and  others.  Here  alfo  are  added 
tables  containing  the  fyftem  of  fifties  by  Ray,  Dale, 
Schaeffir,  Linnaeus,  Gowan,  Scopola,  Klein,  and  Gro- 
novius.  The  third  volume,  which  completes  the  col- 
leftion  of  Artedi’s  works,  contains  the  technical  defini- 
tions of  the  fcience.  After  the  generic  and  individual 
charadlers,  come  the  names  and  Latin  phrafes  of  Ar- 
tedi ; the  fynonymes  of  the  beft  naturalifts ; the  vulgar 
names  in  Englifh,  German,  Swedifli,  Ruffian,  Danifli, 
Norwegian,  Dutch,  and  Samoyed  ; the  feafon  and  the 
countries  where  every  kind  is  found,  their  varieties, 
their  defeription,  and  obfervations.  The  modern  difeo- 
verles,  even  to  our  own  times,  are  added  j fo  that  ia 
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fuppofition  that  the  motion  continues  unchanged  for 
fonie  time,  or  that  all  adlion  ceafes  for  fome  time. 

This  abftradl  reafoning  is  perfectly  agreeable  to  every 
phenomenon  that  wq  can  obferve  with  diftinclnefs. 
Thus  we  cannot,  or  at  leaft  we  do  not,  conceive  the 
weight  of  a body  to  vary  its  adlion  during  the  fall. 
We  conGder  this  weight  as  the  caufe  of  the  fall — as  the 
moving  force — and  we  conceive  it  to  a<fl  uniformly. 
And,  in  fadl,  a body  falling  freely,  defcribes  fpaces 
which  are  proportional,  not  to  the  times,  but  to  the 
fquares  of  the  times,  and  the  fall  is  a motion  uniformly 
accelerated.  In  like  manner,  the  motion  of  a body 
riGng  in  the  air,  in  oppofition  to  gravity,  is  uniformly 
retarded. 

This  kind  of  motion  alfo  gives  us  a certain  meafure 
of  the  acquired  velocity,  although  there  is  not,  in  fadl, 
any  fpace  obferved  to  be  uniformly  defcribed  during 
any  time  whatever.  In  this  motion  we  know  that  the 
Gnal  determination,  produced  by  the  accumulated  or 
continued  adfion  of  the  unvaried  force,  is  fuch  that  the 
body  would  defcribe  uniformly  twice  the  fpace  which  It 
has  defcribed  with  the  accelerated  motion. 

And  it  is  by  this  method  that  we  obtain  the  fimpleft 
meafure  of  any  moving  force,  and  can  compare  it  with 
another.  If  we  obferve  that  by  the  adlion  of  one  force 
(known  to  be  uniform  by  the  fpaces  being  proportion- 
al to  the  fquares  of  the  times)  ten  feet  have  been  de- 
fcribed in  a fecond,  and  that  by  the  uniform  adlion  of 
another  force  eighty  feet  are  defcribed  in  two  feconds, 
we  know  that  the  laft  force  is  double  of  the  Grft : for 
in  the  fecond  motion,  8o  feet  were  defcribed  in  two  fe- 
conds, and  therefore  20  feet  of  this  were  defcribed  in 
the  fir  ft  fecond  (becaufe  the  motion  is  uniformly  acce- 
lerated) ; and  at  the  end  of  a fecond,  the  firft  body  had 
a determination  by  which  it  would  defcribe  20  feet 
uniformly  in  a fecond ; and  the  fecond  body  had  ac- 
quired a determination  by  which  it  would  have  de- 
fcribed 40  feet  uniformly  in  the  next  fecond,  had  not 
the  moving  force  continued  to  a6l  on  it,  and  made  it 
really  defcribe  60  feet  with  an  accelerated  motion. 

Becaufe  halves  have  the  fame  proportions  with  the 
units  of  which  they  are  the  halves,  it  is  plain  that  we 
may  take  the  fpaces,  defcribed  In  equal  times  with  mo- 
tions uniformly  accelerated,  as  meafures  of  the  forces 
which  have  produced  thofe  motions.  The  velocities 
^ generated  are,  however,  the  beft  meafures. 

Meafure  of  When  the  actions  of  forces  are  not  uniform,  it  is 
the  velocity  more  difficult  to  learn  what  is  the  meafurc  of  the  velo- 
produced  city  produced  by  their  accumulated  action.  But  it  can 
be  determined  with  equal  accuracy  ; that  is,  we  can  de- 
termine what  is  the  velocity  which  would  have  been  pro- 
diicedhy  the  uniform  a6lion  of  the  force  during  the  fame 
time,  and  therefore  we  obtain  a meafure  of  the  force. 
Mathematicians  are  farther  able  to  demonftrate,  that  If 
forces  vary  their  continued  aftlon  in  any  manner  what- 
ever, the  proportion  of  the  fpaces  defcribed  by  two  bo- 
dies in  equal  times  approaches  nearer  and  nearer  to  the 
proportion  of  the  fpaces  which  they  would  defcribe  in 
thofe  times  by  the  uniform  adlion  of  the  forces,  as  the 
times  themfelves  are  fmaller ; and  therefore  whenever 
we  can  point  out  the  ultimate  ratio  of  the  fpaces  de- 
fcribed in  equal  times,  thefe  times  being  diminilhed 
without  end,  we  obtain  the  ratio  of  the  forces. 

Motions  may  be  changed,'  not  only  in  quantity,  by 
acceleration  or  retardation,  but  alfo  in  diredlion,  by  de- 


by  adlion 
not  uni- 
form. 


fledlng  a body  from  its  former  diredlion.  When  a 
body,  moving  uniformly  in  the  diredlion,  AB  (fig.  i.), 
has  its  motion  changed  in  the  point  B,  and,  inftead  of 
defcribing  BC  uniformly  in  the  next  moment  with  the 
former  velocity,  defcribes  BD  uniformly  in  that  mo- 
ment, it  is  plain  that  the  motion  BD  will  be  the  fame, 
whether  the  body  had  begun  to  move  in  A,  or  in  F, 
or  in  G,  or  in  B,  provided  only  that  its  determination 
to  move,  or  its  velocity,  be  the  fame  in  all  thofe  points. 
Complete  the  parallelogram  BCDE.  It  is  well  known, 
that  if  one  force  adl  on  the  body  which  would  make  it 
defcribe  BC,  and  another  which  would  make  it  defcribe 
BE,  the  body  will  defcribe  BD.  Hence  we  learn, 
that  v/hen  a body  has  the  motion  BC  changed  into  the 
motion  BD,  it  has  been  adled  on  in  the  point  B by  a 
force  w'hich  would  have  caufed  a body  at  reft  in  B to 
defcribe  BE.  Thus  W'e  can  difcover  the  intenfity 
and  diredlion  of  the  tranfverfe  force  which  produces 
any  defleiflion  from  the  former  diredlion.  In  general, 
the  force  is  that  which  would  have  produced  in  a body 
at  reft  that  motion  BE,  which,  when  compounded  with 
the  former  motion  BC,  produces  the  new  motion  BD. 

Thefe  two  principles,  viz.  ift,  that  forces  are  pro- 
portional to  the  velocities  w'hich  they  produce  in  the 
fame  circumftances,  and,  2d,  the  compofitlon  of  mo- 
tion or  forces,  will  ferve  for  all  the  phyfical  invert Iga- 
tlons  In  aftronomy.  All  the  celeftial  motions  are  curvi- 
lineal,  and  therefore  are  inftances  of  continual  deflec- 
tion, and  of  the  continual  aifllon  of  tranfverfe  or  defledl- 
ing  forces.  We  muft  therefore  endeavour  to  obtain  a 
general  meafure  of  fuch  continual  defledling  forces. 

Let  two  bodies  A and  a (fig.  2.)  defcribe  in  the  fame 
time  the  arches  AC,  a c oi  two  circles.  They  are  de- 
flcflcd  from  the  tangents  AB,  a h.  Let  us  fuppofe  that 
the  diredllon  of  the  defledling  forces  is  known  to  be 
that  of  the  chords  AE,  a e ^ thefe  circles.  Let  thefe 
be  called  the  deflective  chords.  Draw  CB,  ch,  pa- 
rallel to  AE,  a e,  and  CD,  c d parallel  to  AB,  a b. 
Join  AC,  a c,  CE,  and  c e.  It  is  plain  that  the  angle 
BAC  is  equal  to  the  angle  CEA  in  the  alternate  feg- 
ment.  Therefore  ACD  is  alfo  equal  to  it;  and,  be- 
caufe the  angle  CAD  is  common  to  the  two  triangles 
CAD  and  EAC,  thefe  two  triangles  are  fimilar,  and 

AD  ; AC  = AC  : AE,  and  AD  = ..  For  fimi- 

AE 

But  AD  and  a d are  refpec- 
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BC  : b c-zz  AC*  y.  a e:  a y,  AE.  But  BC  and  b c 
being  refpedlively  equal  to  AD  and  a d,  are  equal  to 
the  fpaces  through  which  the  defledling  forces  would 
have  impelled  the  bodies  from  a ftate  of  reft  in  the  time 
of  defcribing  the  arches  AC,  a c.  Therefore  when 
thefe  times  are  dimlnifhed  without  end,  the  ultimate  ra- 
tio of  AD  and  a d\^  the  ratio  of  the  forces  which  de- 
fledl  the  bodies  in  the  points  A and  a.  But  it  is  evi- 
dent that  the  ultimate  ratio  of  AC  to  » r is  the  ratio  of 
the  velocity  in  the  point  A to  the  velocity  In  the  point 
a ; becaufe  thefe  arches  arc  fuppofed  to  be  defcribed  in 
the  fame  or  equal  times.  Therefore  the  defledling  for- 
ces,  by  which  bodies  are  made  to  defcribe  arches  of 

circles. 
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circles,  are  to  each  other  as  the  fquares  of  the  velocities 
direaly,  and  as  the  defledive  cords  of  thofe  circles  in- 
Tcrfely.  This  ratio  may  be  exprelTed  fymbolically  thus, 

F ; or  thus,  in  a proportional  equation, 


C 


It  is  eafy  to  fee  that  in  this  laft  formula y exprefles 
diredly  the  line  h c,  or  the  fpace  through  vi'hich  the 
body  is  adually  made  to  deviate  from  redilineal  motion 
in  the  time  of  defcribing  the  arch  a c.  It  is  a third 
proportional  to  a e the  defledive  chord,  and  ac  the  arch 
of  the  circumference  defcribed  in  a fmall  moment  of 
time.  This  is  the  meafure  afforded  immediately  by  ob- 
fervation.  We  have  obferved  the  arch  AC  that  is  de- 
fcribed, and  know  the  diredion  and  the  length  of  AE 
from  fome  circumftances  of  the  cafe.  The  formula  which 
comes  to  us,  when  treating  this  queftion  by  the  help  of 

fluxions,  is/  = This  is  perhaps  a more  proper 

c 

expreffion  of  the  phyfical  fad  ; for  it  expreffes  twice 
the  line  b c,  or  the  meafure  of  the  velocity  which  the 
defleding  force  would  have  generated  in  the  body  by 
ading  on  it  during  the  time  of  its  defcribing  the  arch 
a c.  But  it  is  indifferent  which  meafure  we  take,  pro- 
vided we  always  take  the  fame  meafure.  The  firft  ma- 
thematicians, however,  have  committed  milfakes  by 
mixing  them. 

The  planets,  however,  do  not  defcribe  circles  ; but 
all  the  curves  which  can  be  defcribed  by  the  adion  of 
finite  defleding  forces  are  of  fuch  a nature,  that  we  can 
defcribe  a circle  through  any  point,  having  the  fame 
tangent,  and  the  fame  curvature  which  the  planetary 
curve  has  in  that  point,  and  which  therefore  ultimately 
coalefces  with  it.  This  being  the  cafe,  it  is  plain  that 
the  planet,  while  pafling  through  a point  of  the  curve, 
and  defcribing  an  indefinitely  fmall  arch  of  it,  is  in  the 
fame  condition  as  if  defcribing  the  coincident  arch  of 
the  equicurve  circle.  Hence  we  obtain  this  moft  gene- 
ral propofition,  that  the  tranfverfe  force  by  luhich  <*  pla- 
net is  made  to  defcribe  any  curve,  is  direElly  as  the  fqiiare 
of  its  velocity,  and  inverfely  as  the  defleUive  chord  of  the 
equicurve  circle. 

Farther : The  velocity  of  a body  in  any  point  A 
(fig.  2.)  of  the  curve,  is  equal  to  that  which  the  deflec- 
tive force  in  that  point  would  generate  in  the  body  by 
ading  uniformly  on  it  along  AF,  one-fourth  part  of 
the  defledive  cord  AE  of  the  equicurve  circle,  ft  is 
the  fame  which  the  body  would  acquire  at  F,  after  a 
uniformly  accelerated  motion  along  AF. 

For  it  is  certain  that  there  is  fome  length  AF,  fuch 
that  the  velocity  acquired  at  F is  the  lame  rvich  the 
velocity  in  the  point  A of  the  curve.  Draw  FG  pa- 
rallel to  the  tangent,  and  join  AG.  Make  the  arch 
ACl  = 2 AF.  Then,  becaufe  the  fpace  defcribed  with 
a uniformly  accelerated  motion  is  one  half  of  the  fpace 
which  would  be  unifoimly  defcribed  with  the  final  ve- 
locity, the  arch  ACI  would  be  uniformly  defcribed 
with  the  velocity  which  the  body  has  at  A in  the  time 
that  AF  is  defcribed  with  the  uniformly  accelerated  mo- 
tion ; and  the  arch  AB  will  be  to  the  arch  AI  as  the 
time  of  defcribing  AB  to  that  of  defcribing  Al  ; that 
is,  as  the  time  of  falling  through  AD  to  that  of  falling 
through  AF.  But  the  motion  along  AF  being  uni- 


formly accelerated,  the  fpaces  are  as  the  fquares  of  the 
times.  Therefore  AD  is  to  AF  as  the  fquare  of  the 
arch  AC  to  the  fquare  of  the  arch  AI.  But  AD  is 
to  AF  as  the  fquare  of  the  chord  AC  is  to  the  fquare 
of  the  chord  AG.  Therefore  the  arch  AC  is  to  the 
chord  AC  as  the  arch  AI  is  to  the  chord  AG.  But  the 
arch  and  chord  AC  are  ultimately  in  the  ratio  of  equa- 
lity. Therefore  the  chord  AG  is  equal  to  the  arch  AI. 

Therefore  AG  is  double  of  AF.  But  becaufe  the  tri- 
angles FAG  and  GAE  are  fimilar,  AF  is  to  AG  as 
AG  to  AE  ; and  therefore  AE  is  double  of  AG  and 
quadruple  of  AF.  Therefore  the  velocity  at  A in  the 
curve  is  that  which  would  be  produced  by  the  uniform 
impulfe  of  the  deflefling  force  along  tlie  fourth  part  of 
the  defledlive  chord  of  the  equicurve  circle.  lo 

Thefe  two  affedlions  or  properties  of  curvilineal  mo-  Two  ufeful 
tions  are  of  the  moll;  extenfive  ufe,  and  give  an  eafier  fo-  affe<^i°nsof 
lution  of  moft  queftions  than  we  obtain  by  the  more 
ufual  methods,  and  deferve  to  be  kept  in  remembrance 
by  fuch  as  engage  much  in  the  difcuflion  of  queftions 
of  this  kind. 

Thus  the  inveftigation  of  the  forces  which  regulate 
the  planetary  motions,  is  reduced  to  the  talk  of  difco- 
vering  the  velocity  of  the  planet  in  the  different  points 
of  its  orbit,  and  the  curvature  in  thofe  points,  and  the 
pofitioH  of  the  defledlive  chords.  jj 

The  phyfical  fcience  of  aftronomy  muft  confift  in  the  Phyfical 
difcovery  of  the  general  laws  which  can  be  affirmed  with  fcience  of 
refpedl  to  the  exertion  of  thofe  forces,  whether  with  re- 
fpedl  to  their  diredlion  or  the  intenfity  of  their  adlion. 

If  the  mechanician  can  do  more  than  this,  and  (how  that 
every  motion  that  is  obferved  is  an  immediate  or  remote 
confecjuence  of  thofe  general  laws,  he  will  have  comple- 
ted the  fcience,  and  explained  every  appearance. 

This  has  accordingly  been  done  by  Sir  Ifaac  Newton  Completed 
and  his  followers.  Sir  Ifaac  Newton  has  difcovered  the  by  Newton 
general  laws  which  regulate  the  exertions  of  thofe  forces  and 
which  produce  the  planetary  motions,  by  reafoning  from 
general  phenomena  which  had  been  obferved  with  a cer- 
tain precifion  before  his  time  ; and  has  alfo  fliown  that 
certain  confiderable  deviations  fromthe  generality  which 
he  fuppofed  to  be  perfedl  were  neceffary  confequences 
of  the  very  univerfality  of  the  phyfical  law,  although  the 
phenomenon  was  not  fo  general  as  was  at  firft  imagined. 

He  has  gone  farther,  and  has  pointed  out  fome  other 
minute  deviations  which  muft  refult  from  the  phyfical 
law,  but  which  the  art  of  obfervation  was  not  then  fuf- 
ficiently  advanced  to  difcover  in  the  phenomena.  This 
excited  the  efforts  of  men  of  fcience  to  improve  the  art 
of  aftronomical  obfervation  ; and  not  only  have  the  inti-  His  follow- 
matlons  of  Newton  been  verified  by  modern  obfervation,  ers. 
but  other  deviations  have  been  difcovered,  and,  in  pro- 
cefs  of  time,  have  alfo  been  fhown  to  be  confequences 
of  the  fame  general  law  of  agency  : And,  at  this  pre- 
fent  day,  there  is  not  a fingle  anomaly  of  the  planetary 
motions  which  has  not  been  fhown  to  be  a modification 
of  one  general  law  wffikh  regulates  the  adlion  ; and 
therefore  charadlerifes  the  nature  of  that  fingle  force 
which  adluates  the  whole  fyftem  of  the  fun,  and  his  at- 
tending planets  and  comets. 

It  was  a moft  fortunate  circumftance  that  the  confti- 
tution  of  the  folar  fyftem  was  fuch  that  the  deviations 
from  the  general  law  are  not  very  confiderable.  The 
cafe  might  have  been  far  othcrwife,  although  the  law^ 
or  nature  of  the  planetary  force,  were  the  fame,  and 
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the  fyftem  had  been  equally  harmonious  and  beautiful. 
Had  two  or  three  of  the  planets  been  vaftly  larger  than 
they  arc,  it  would  have  been  extremely  diffieult  to  dif- 
cover  any  laws  of  their  motion  fufficiently  general  to 
have  led  to  the  fufpicion  or  the  difcovery  of  the  univer- 
fal  law  of  adtion,  or  the  fpecific  circumftance  in  the  pla- 
netary force  which  diftinguilhes  it  from  all  others,  and 
charaflerifes  its  nature.  But  the  three  laws  of  the  pla- 
netary motions  difcovered  by  Kepler  were  fo  nearly 
true,  at  lead:  with  refpedt  to  the  primary  planets,  that 
the  deviations  could  not  be  obferved,  and  they  were 
thought  to  be  exact.  It  was  on  the  fuppofition  that 
they  nvere  exa8,  that  Newton  affirmed  that  they  were 
only  modifications  of  one  law  ftill  more  general,  nay 
univerfal. 

We  (hall  follow  in  order  the  fteps  of  this  invefliga- 
lion. 

Sir  Ifaac  Newton  took  it  for  granted,  that  the  fun 
and  planets  confifted  of  matter  which  refembled  thofe 
bodies  which  we  daily  handle,  at  leafl  in  refped;  of 
their  mobility ; and  that  the  forces  which  agitate 
them,  confidered  merely  as  moving  forces,  but  without 
confidering  or  attending  to  their  mode  of  opera- 
tion, were  to  be  inferred,  both  as  to  their  diredHon 
and  as  to  their  intenfity,  from  the  changes  of  motion 
which  were  afcribed  to  their  agency.  He  firft  endea- 
voured to  difcover  the  direSlion  of  that  tranfverfe  force 
by  which  the  planets  are  made  to  defcribe  curve  lines. 
Kepler’s  firfl  law  furnifhed  him  with  ample  means  for 
this  difcovery,  Kepler  had  difcovered,  that  the  right 
line  joining  the  fun  and  any  planet  defcrihed  areas  propor- 
tional to  the  times.  Newton  demonfirated,  that  it  a bo- 
dy was  fo  carried  round  a fixed  point  fituated  in  the 
plane  of  its  motion,  that  the  right  line  joining  it  with 
that  point  defcrihed  areas  proportional  to  the  times, 
the  force  which  defleffed  it  from  an  uniform  rectilineal 
motion  was  continually  diredted  to  that  fixed  point. 
This  makes  the  2d  propofition  of  his  immortal  work 
’The  Mathematical  Principles  of  Natural  Phdofophy,  and 
it  is  given  in  the  article  Astronomy  of  the  Encyclo- 
psedia  § 260. 

Hence  Sir  Ifaac  Newton  inferred,  that  the  primary 
planets  were  retained  in  their  orbits  by  a force  conti- 
nually diredted  to  thefnn  ; and,  becaufe  Kepler’s  law 
of  motion  was  alfo  obferved  by  the  fecondary  planets 
in  their  revolutions  round  their  refpedfive  primary  pla- 
nets, this  inference  was  extended  to  them. 

From  the  circumtiancc  that  the  planetary  defledting 
forces  in  the  different  points  of  the  orbit  are  always  di- 
redted toward  one  point  as  to  a centre,  they  have  been 
called  CENTRIPETAL  FORCES. 

From  this  propofition  may  be  deduced  a corollary 
which  eftabliflres  a general  law  of  the  motion  of  any 
planet  in  the  different  parts  of  its  orbit,  narwely,  that 
the  velocity  which  a planet  has  in  the  diffeient  points 
of  its  path  are  inverfely  proportional  to  the  perpendi- 
culars drawn  from  the  fun  on  the  tangents  to  the  orbit 
in  thofe  points  refpedtively.  For,  let  AB,  ah  (fig.  3.) 
be  two  arches  (extremely  fmall ), defcrihed  in  equal  titnes 
thefe  arches  muff  be  ultimately  proportional  to  the  ve- 
locities with  which  they  are  defcrihed.  Let  SP,  S^ 
be  perpendicular  to  the  tangents  AP,  a p.  The  tri- 
angles ASB,  aSh  are  equal,  becaufe  equal  areas 
are  defcrihed  by  the  radii  veSores  SA,  S a,  in  equal 


times:  but  in  equal  triangles,  the  bafes,  AB,  ah,  are 
reciprocally  as  their  heights  SP,  S p,  or  AB  \ ah  zsz 
S/:SP. 

This  corollary  gives  us  another  expreffion  of  the  ra- 
tio of  the  centripetal  forces  in  different  points  A and  a of 
a curve.  We  faw  by  a former  propofition,  that  the  force 
at  A (fig.  2.)  is  to  the  force  at  a as  AC^X^e  to 
ac’^xAE,  which  v/e  may  exprefs  thus;  F V* 

Xc  : 'll*  X C.  If  we  exprefs  the  perpendiculars  SP, 

(in  fig.  3. ) by  the  fymbols  V,p,  me  have  : v^—p'^  :P’, 
and  therefore  F :/=/»*  X c : P*  X C.  The  centripetal 
forces  in  different  points  of  an  orbit  are  in  the  ratio  corn- 
pounded  of  the  inverfe  duplicate  ratio  of  the  perpendiculars 
draevn  to  the  tangents  in  thofe  points  from  the  centre  of 
forces,  and  the  inverfe  ratio  of  the  defledive  chords  of  the  ly 
equicurve  circles.  JL-aw  of 

We  are  now  in  a condition  to  determine  the  law  of  a^ion  of^ 
adtion  of  the  centripetal  force  by  which  a planet  is  re-  centn- 
tained  in  its  orbit  round  the  fun,  or  the  relation  which  ^ ’ 

fubfiffs  between  the  intenfity  of  its  adlion  and  the  dif- 
tance  of  the  planet  from  the  fun  : for  we  know  the  el- 
liptical figure  of  the  orbit,  and  w'e  can  draw  a tangent 
to  it  in  any  point,  and  a perpendicular  fronr  the  fun  to 
that  tangent. 

Kepler’s  fecond  law  or  obfervation  of  the  planetary- 
motions  was,  Xh'Cit  each  primary  planet  defcrihed  an  elUpfcy 
having  the  fun  in  one  focus.  It  is  eafy  to  (how,  even 
without  any  knowledge  of  the  geometrical  properties  of 
the  ellipfe,  w'hat  is  the  proportion  of  the  intenfities  of 
the  defiedfing  force  at  the  aphelion  and  perihelion  (fee 
fig,  4.)  At  thofe  two  points  of  the  orbit,  the  motion 
of  the  planet  is  at  right  angles  to  the  line  joining  it 
with  the  fun.  Therefore,  fince  the  areas  defcrihed  in 
equal  times  are  equal,  the  arches  defcrihed  in  equal  times 
muff  be  inverfely  as  the  diftances  from  the  fun  ; or  the 
velocities  muff  be  inverfely  as  the  diftances  from  the 
fun.  But  the  curvature  in  the  aphelion  and  perihelion 
is  the  fame  ; and  therefore  the  diameters  of  the  equl- 
curve  circles  in  thofe  points  are  equal.  But  thofe  dia- 
meters are,  in  this  particular  cafe,  what  we  called  the 
defledlive  chords.  Therefore,  calling  the  aphelion  and 
perihelion  diftances  D and  d,  the  velocicies  in  the  aphe- 
lion and  perihelion  V and  v,  let  the  common  defledlive 
chord  be  C.  Then  we  have  F :/'=  V’  X C : X C, 

=:  V*  j -y*,  : D^.  That  is,  the  forces  which  de- 

fledt  the  planet  in  the  aphelion  and  perihelion  are  in- 
verfely as  the  fquares  of  the  diftances  from  the  fun.  A 
perfoB  almoft  ignorant  of  mathematics  may  fee  the  truth 
of  this  by  looking  into  a table  of  natural  verfed  fines. 

He  will  obferve,  that  the  verfed  fine  of  one  degree  is 
quadruple  the  verfed  fine  of  half  a degree,  and  fixteen 
tinies  the  verfed  fine  of  a quarter  of  a degree  ; In  (hort, 
that  the  verfed  fines  of  fmall  arche^  are  in  the  propor- 
tion of  the  fquares  of  the  arches.  Now  fince  the  arches 
defciibed  in  equal  times  are  inverfely  as  the  diftances, 
their  verfed  fines  are  inverfely  as  the  fquares  of  the  di- 
ftances. But  thefe  verfed  fines  are  the  fpaces  through 
v/hich  the  centripetal  forces  at  the  aphelion  and  peri- 
helion defledl  the  planet  from  the  tangent.  There- 
fore, See. 

Thus  we  have  found,  that  in  the  aphelion  and  peri- 
helion the  centiipetal  force  adfs  with  an  intenfity  that 
is  proportional  to  the  fquares  of  the  diftances  inverfely. 

As  thefe  are  the  extreme  fituations  of  a planet,  and  as 
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the  proportion  of  the  aphelion  and  perihelion  diftances 
are  confiderably  different  in  the  different  planets,  and 
yet  this  law  of  adfion  is  obferved  in  them  all,  It  is  rea- 
I'onable  to  imagine  that  it  holds  true,  not  in  thofe  fitua- 
tions  only,  but  In  every  intermediate  Ctuation,  But  a 
conjecture,  hov/ever  probable,  is  not  fufficlent,  when 
we  aim  at  accurate  fcience,  and  it  is  neceffary  to  exa- 
mine whether  this  law  of  adlion  is  really  obferved  in 
ig  every  point  of  the  elliptical  orbit. 

Demonftra-  For  this  purpofe  it  is  neceffiry  to  mention  fome  geo- 
tedwithre-  metrical  properties  of  the  ellipfe.  Therefore  let  ADBE 
fpedtothc  be  tbe  elliptical  orbit  of  a planet  or  comet, 

having  the  fun  in  the  focus  S.  Let  AB  be  the  tranf- 
verfe  axis,  and  DE  the  conjugate  axis,  and  C the  centre. 
Let  P be  any  point  of  the  ellipfe.  Draw  PS  through 
the  focus.  Draw  the  tangent  PN,  and  SN  from  the 
focus,  perpendicular  to  PN.  Draw  PQ_^perpendIcular 
to  PN,  meeting  the  tranfverfe  axis  in  Draw  QO 
parallel  to  PN,  meeting  PS  In  O.  Alfo  draw  QR  per- 
pendicular to  PS.  Bifedf  PO  in  T. 

It  is  demonflrated  in  the  treatifes  of  conic  feflions, 
that  PO  is  one  half  of  the  chord  of  the  equicurve  or  of- 
culating  circle  drawn  through  the  point  P.  Therefore 
PO  is  one  half  of  the  defledlive  chord  of  the  planetary 
orbit.  It  is  alfo  demonftrated,  that  PR  is  one  half  of 
the  parameter  or  latus  rectum  of  the  tranfverfe  axis  AB, 
or  that  it  is  the  third  proportional  to  AC  and  DC. 
Therefore  PR  or  D r is  of  the  fame  conftant  magni- 
tude, in  whatever  part  of  the  circumference  the  point 
P is  taken. 

It  is  evident  that  the  tri.angles  NSP,  RPQ_^  and 
QPO,  ai'e  all  fimilar,  by  reafon  of  the  parallels  PN,  QO, 
and  the  right  angles  SNP,  PRQ^,  PQO.  Therefore 
we  have  PR  : PQj=  PQ_:  PO.  Therefore  PR  : PO 
= PR*  : PQ%  = SN*  : SP*.  Therefore  PR  X SP* 
= PO  X SN*.  But  the  lalus  reiium  L is  equal  to 
twice  PR,  and  the  defledlive  chord  C is  equal  to  twice 
PO.  Therefore  L X SP*  z=  C X SN*.  But  we  have 
feen,  that  when  a curve  is  defcribed  by  means  of  a cen- 
tripetal force,  fo  that  areas  are  defcribed  proportional 
to  the  times,  and  therefore  the  velocities  are  reciprocal- 
ly proportional  to  the  perpendiculars  drawn  from  the 
centre  of  forces  to  the  tangents,  the  forces  are  inverfely 
proportional  to  C X SN*.  Therefore,  in  the  elliptical 
motion  of  the  planets,  the  forces  are  inverfely  propor- 
tional to  L X SP* ; and  fince  L is  a conftant  quantity, 
the  centripetal  forces  are  inverfely  proportional  to  SP*, 
or  to  the  fquares  of  the  diftances  from  the  fun. 

Thus  it  appears  that,  w'ith  refpedl  to  any  individual 
planet,  the  centripetal  force  which  continually  defleds 
it  from  the  tangent  to  its  orbit  diminiflies  in  the  inverfe 
Obfervedin  duplicate  ratio  of  the  diftance  from  the  fun.  The  fame 
the  motion  thing  is  obferved  to  be  very  nearly  true  In  the  moon’s 
of  themoon  motion  round  tlie  earth,  and  in  the  motion  of  fuch  fa- 
tellites  of  Jupiter  and  Saturn  as  defcribe  orbits  which  are 
fenfibly  elliptical.  It  is  alfo  obferved  in  the  motion  of 
the  comets,  at  leaft  In  that  which  appeared  in  1682  and 
in  1 759. 

It  v/as  therefore  very  natural  for  Sir  Ifaac  Newton  to 
examine  whether  the  like  diminution  of  force  obtained 
in  the  aftion  of  this  force  on  different  planets  ; that  is, 
whether  the  deftedion  of  the  earth  from  the  tangent  of 
its  rrbit  was  to  tlie  ftmultaneous  defledion  of  Jupiter 
as  the  fquare  of  Jupiter’s  diftance  from  the  fun  to  the 
fquare  of  the  earth’s  diftance.  Thi.s  was  very  probable, 
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but  by  no  means  certain.  Its  probability  is  very  great 
indeed,  when  we  know  that  a comet  moves  fo  in  its  or- 
bit that  its  defledions  in  equal  times  are  inverfely  as 
the  fquares  of  its  diftances  from  the  fun,  and  that  the 
comet  paffes  through  the  orbits  of  all  the  planets ; and 
when  at  the  fame  diftance  from  the  fun  as  any  one  of 
them,  it  fuffers  the  fame  defledion  with  it.  Newton 
therefore  calculated  the  adual  ftmultaneous  defledions 
of  the  different  planets,  and  found  them  agreeable  to 
this  law.  But  it  was  deftrable  to  obtain  a demonftra- 
tion  of  this  important  propofition  In  general  terms.  This  And  de- 
was  lupplied  by  Kepler’s  third  general  obfervation  of  nionftrated 
the  motions,  viz.  that  the  fquares  of  the  periodic  times  of'^^  general 
the  different  planets  <zvere  proportional  to  the  cubes  of  their 
mean  diftances  from  the  fun.  The  orbits  of  the  planets 
are  fo  nearly  circular,  that  we  may  fuppofe  them  ex- 
adly  fo  in  the  prefent  queftion,  without  any  remark- 
able error.  In  this  cafe,  then,  the  deHedive  chords  are 
the  diameters  of  the  orbits  (for  DS  is  equal  to  AC), 
and  are  proportional  to  the  diftances,  which  are  their 
halves.  The  centripetal  forces,  being  proportional  to 

1;*  . “U* 

— , are  proportional  to  — , when  ^/is  the  radius  of  the 

d 

orbit,  or  the  mean  diftance  from  the  fun.  But  the  ve- 
locity in  a circular  orbit  is  as  the  circumference  diredly, 
and  as  the  time  of  a revolution  inverfely.  Therefore, 

J* 

inftead  of  we  may  write  — , and  then  the  forces  will 

d 

be  proportional  to .,or  to— ; that  is,  diredly  as  the 

d t^ 

diftances,  and  Inverfely  as  the  fquares  of  the  times  of  re- 
volution. But,  by  Kepler’s  obfervation,  t'  is  propor- 
tional to  JE  Therefore  the  centripetal  forces  are  pro- 
portional to  — , or  to  — ; that  is,  inverfely  as  the 
d^ 


fquares  of  the  mean  diftances  from  the  fun. 

But  fince  the  orbits  of  the  planets  are  not  accurate 
circles,  this  determination  is  but  an  approximation  to 
the  truth,  and  therefore  infufficient  for  the  foundation 
of  fo  important  a propofition ; at  any  rate,  it  will  not 
apply  to  the  comets,  whofe  orbits  are  very  far  from  be- 
ing circular.  We  muft  obtain  a more  accurate  demon- 
flration. 

Therefore  draw  SD  (fig.  4.)  to  the  extremity  of  the 
conjugate  axis,  and  bifed  It  in  t.  About  S,  with  the 
radius  SD,  defcribe  the  circle  DFG.  Let  Dr/,  D be 
equal  fmall  arches  of  the  ellipfe  and  the  circle.  Join 
r/ S,  cTS.  It  is  well  known  that  DS  is  half  of  the  chord 
of  the  equicurve  circle  at  D,  and  therefore  D ; is  one 
fourth  part  of  it.  It  has  been  demonftrated,  that  the 
velocity  in  any  point  D ofa  curve,  defcribed  by  means 
of  a defleding  force,  is  that  which  the  force  in  that 
point  would  communicate  to  It  by  uniformly  impelling 
it  along  the  fourth  part  of  the  defledive  chord,  that  is, 
along  D t.  But  ifa  body  revolved  round  S in  a circle 
DFG,  its  velocity  in  that  circle  would  be  that  which 
the  defleding  force  would  communicate  to  it  by  uni- 
formly impelling  it  along  one-fourth  of  the  diameter,  that 
is,  along  D /.  Therefore  the  planet,  if  projeded  in  the 
diredion  D with  the  velocity  which  it  has  in  the 
point  D of  the  ellipfe,  would  defcribe  the  circle  DFG 
by  the  adion  of  the  centripetal  force.  Farther,  it 
v/ould  defcribe  it  In  the  fame  time  that  it  deferibes  the 
ellipfe  j for  becaufe  the  velocities  are  equal,  the  areas 

DSr/, 
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D S D S are  defcribed  in  the  fame  time.  But  the 
bafes  D D being  equal,  thefe  areas  are  as  their 
heights  S n (or  CD),  and  t>D  (orCA).  But  becaufe 
the  diameter  of  the  circle  is  equal  to  AB,  the  area  of 
the  whole  ellipfe  is  to  the  area  of  the  circle  as  CD  is  to 
CA  ; that  is,  as  the  area  D S r/  to  the  area  D S de- 
fcribed in  the  fame  time.  Therefore  the  elliptical  and 
circular  areas  are  fimilar  portions  of  the  ellipfe  and  cir- 
cle ; and  therefore  the  times  of  defcribing  them  are  fi- 
milar  portions  of  the  whole  revolutions  in  the  ellipfe 
and  in  the  circle.  Therefore  thefe  revolutions  are  per- 
formed in  equal  times. 

And  thus  it  follows,  that  if  all  the  planets  and  co- 
mets were  projeded,  when  at  their  mean  diftances  from 
the  fun,  perpendicularly  to  the  radii  vetHores,  they  would 
defcribe  circles  round  the  fun,  and  the  fquares  of  their 
periodic  times  would  be  proportional  to  the  cubes  of 
their  mean  diftances  from  the  fun,  as  Kepler  has  ob- 
ferved  ; and  therefore  the  centripetal  forces  would 
be  inverfely  as  the  fquares  of  their  diftances  from  the 
fun. 

They  are  not  differentforces  therefore  which  retain  the 
different  planets  in  their  refpedive  orbits,  but  one  force, 
ading  by  the  fame  law  upon  them  all.  We  may  either 
conceive  it  as  an  attradive  force,  exerted  by  the  fun,  or 
as  a tendency  in  each  planet;  nay,  nothing  hinders  us 
from  conceiving  it  as  a force  external,  both  to  fun  and 
planets,  impelling  them  towards  the  fun.  It  may  be 
the  impulfe  of  a ttream  of  fluid  moving  continually  to- 
ward the  fun.  Sir  Ifaac  Newton  did  not  concern  him- 
felf  with  this  queftion,  but  contented  himfelf  with  the 
difcovery  of  the  law  according  to  which  its  adion  was 
exerted.  The  fteps  of  this  inveftigation  fhowed  him, 
that  a body,  projeded  in  any  diredion  whatever,  and 
with  any  velocity  whatever,  andfubjeded  to  the  adion 
of  a force  direded  to  the  fun,  and  inverfely  proportion- 
al to  the  fquare  of  the  diftance  from  the  fun,  w'ill  ne- 
ceflarily  defcribe  a conic  fedion,  having  the  fun  in  the 
focus.  This  will  be  a parabola,  if  the  velocity  of  pro- 
jedion  be  that  which  the  centripetal  force  in  that  place 
would  communicate  to  the  body  by  ading  on  it  uni- 
formly along  a line  equal  to  half  its  diftance  from  the 
fun.  If  the  velocity  be  greater  than  this,  the  path  will 
be  a hyperbola  ; if  the  velocity  be  lefs  than  this,  the 
path  will  be  an  elliptical  orbit,  in  which  the  body  w'ill 
revolve  for  ever  round  the  fun. 

The  3d  Keplerean  law  is  alfo  obferved  in  the  revolu- 
tions of  the  fatellites  of  Jupiter,  Saturn,  and  the  lately 
difeovered  planet ; and  we  inuft  infer  from  it,  that  they 
are  retained  in  their  orbits  round  their  refpedive  pri- 
mary  planets,  by  forces  whofe  intenfity  decreafes  ac- 
cording to  the  fame  law  of  the  diftances.  Alfo  the 
elliptical  motion  of  the  moon  round  the  earth,  (hows 
that  the  force  by  which  Ihe  is  retained  in  her  orbit  va- 
ries in  the  fame  proportion  of  the  diftances.  But  when 
we  compare  the  motion  of  a fatellite  of  Jupiter  with 
that  of  one  of  the  fatellites  of  the  other  two  planets, 
w’e  find  that  the  proportion  does  not  hold.  We  ftiall 
find,  that,  at  equal  diftances  from  Jupiter  and  Saturn, 
the  force  toward  Jupiter  is  almoft  thrice  as  great  as  the 
force  toward  Saturn.  We  fhall  alfo  find  that  the  force 
tov/ard  Jupiter  is  threehundred  times  greater  than  the 
force  which  retains  the  moon  in  its  elliptical  orbit  round 
the  earth,  when  ading  at  the  fame  diftance. 


Since  a force  direded  to  the  fun,  and  inverfely  as  the 
fquare  of  the  diftance,  is  thus  found  to  pervade  all  the 
planetary  orbits,  it  is  highly  improbable  that  it  will  not 
alFed  the  fee  nJary  planets  alio.  The  moon  accompa- 
«ies  the  earth  in  its  motion  r.  und  the  fun.  It  may  ap- 
pear fufficient  for  this  purpofe,  that  the  moon  be  re- 
tained in  its  orbit  by  af  >rce  direded  to  the  earth.  Were 
the  moon  conneded  with  the  earth  by  a rope  or  chain, 
this  would  be  true ; for  the  earth  could  get  no  motion 
without  dragging  the  moon  along  with  it : but  it  is 
quite  otherwife  with  bodies  moving  in  free  fpace,  with- 
out any  material  connedions.  When  a body  that  is 
moving  uniformly  in  a ftraight  line  is  accompanied  by 
another  which  deferibes  around  it  areas  propcrllonal  to 
the  times,  the  force  which  continually  defleds  this  fa- 
tellite is  always  direded  to  the  moving  central  body. 
This  Is  eafily  feen  ; for  whatever  be  the  mutual  adion 
of  two  bodies,  and  their  relative  motions  in  confequence 
of  this  adion,  if  the  fame  velocity  be  imprefied  at  once 
on  both  bodies  in  the  fame  diredion,  their  mutual  ac- 
tions and  relative  motions  will  be  the  fame  as  they 
would  have  been  without  this  common  impulfe.  Thus 
every  thing  is  done  in  a (hip  that  is  falling  fteadily  iu 
the  fame  manner  as  if  lire  were  at  reft.  If  therefore  the 
moon  be  obferved  to  defcribe  areas  round  the  earth, 
which  are  precifely  proportional  to  the  times,  while  the 
earth  moves  in  an  orbit  round  the  fun,  we  muft  infer 
that  the  moon  receives,  in  every  Inftant,  an  impulfe  the 
fame  in  every  refped  with  what  the  earth  receives  at 
the  fame  Inftant ; or  that  the  moon  is  aded  on  by  a 
force  parallelto  the  earth’sdiftancefromthe  fun, and  pro- 
portional to  the  fquare  of  that  diftance  inverfely.  Now 
this  is  very  nearly  true  of  the  lunar  motions  ; and  v/e 
muft  infer  that  the  moon  is  fubjeded  to  this  folar  ac- 
tion, or  this  tendency  to  the  fun.  The  fame  muft  be 
afiirmed  of  the  fatellites  of  the  other  planets. 

But  a force  inverfely  proportional  to  the  fquare  of 
the  earth’s  diftance  from  the  fun  is  not  what  the  univer- 
fallty  of  the  law  requires  : It  muft  be  inverfely  as  the 
fquare  of  the  moon’s  diftance  from  the  fun  : and  it  muft 
not  be  parallel  to  the  earth’s  diftance  from  the  fun,  but 
muft  be  direded  toward  the  fun  ; and  therefore,  in  the 
quadratures,  it  muft  converge  to  the  earth’s  racius  vec- 
ior.  Therefore,  fince  a force  having  the  above  men- 
tioned conditions  will  allow  the  defcription  of  areas 
round  the  earth  exadly  proportional  to  the  times,  a 
force  ading  on  the  moon,  inverfely  proportional  to  the 
fquare  of  her  diftance  from  the  fun,  and  direded  exad- 
ly to  the  fun,  is  incompatible  with  the  accurate  ellipti- 
cal motion  round  the  earth.  At  new  moon,  her  ten- 
dency  to  the  fun  exceeds  the  earth’s  tendency  to  him, 
and  this  excefs  will  diminlfh  her  tendency  to  the  earth, 
and  her  motion  will  be  lefs  incurvated,  fo  that  fhe 
will  retire  a little  from  the  earth.  At  full  moon,  the 
earth’s  tendency  to  the  fun  exceeds  the  moon’s  tenden- 
cy to  him,  and  the  e'i.rth  will  feparate  a little  from  the 
moon,  fo  that  the  relative  orbit  will  again  be  lefs  incur- 
vated. In  the  quadratures,  the  impulfe  on  the  moon  is 
indeed  equal  to  that  on  the  earth,  but  not  parallel,  and 
tends  to  make  the  moon  approach  the  earth,  and  increafe 
the  curvature  of  her  orbit.  In  other  fituations  of  the 
moon,  this  want  of  equality  and  parallelifm  of  the  forces 
ading  on  the  earth  and  moon,  muft  produce  other  dif- 
turbances  of  the  regular  elliptical  motion. 

Newton 
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Newton  faw  this  at  once  ; and,  to  his  great  delight, 
he  faw  that  the  great  deviations  from  regular  motion, 
which  had  been  difcovered  by  Ptolemy  andTycho  Brahe 
called  the  Annual  Equation,  the  Variation,  and  the  Evec- 
tion,  were  fuch  as  nioft  obvioufly  refulted  from  the  re- 
gular influence  of  the  fun  on  the  moon.  The  firft  de- 
viation from  the  regular  elliptical  motion  is  occaiioned 
by  the  increafe  of  the  fun’s  difturbing  force  as  the  earth 
approaches  the  perihelion  ; and  it  enlarges  the  lunar  or- 
bit, by  diminilhing  the  tendency  to  the  earth,  and  in- 
creafes  the  periodic  time.  The  fecond  arifes  from  the 
direclion  of  the  difturbing  force,  by  which  it  accelerates 
the  moon’s  angular  motion  in  the  fecond  and  fourth 
quadrants  of  her  orbit,  and  retards  it  in  the  firft  and 
third.  The  laft  affedls  the  eccentricity  of  the  orbit,  by 
changing  the  ratio  of  the  whole  or  compound  tendency 
of  the  moon  to  the  earth  in  her  perigee  and  apogee. 
This  fuccefs  incited  him  to  an  accurate  examination  of 
the  confequences  of  this  influence.  It  is  the  boaft  of 
this  difcovery  of  the  law  of  the  planetary  defledlions 
that  all  its  effects  may  be  calculated  with  the  utmoft 
precifion.  The  part  of  the  moon’s  defledtion  toward 
the  fun,  which, is  neither  equal  nor  parallel  to  the  fimul- 
taneous  defledtion  of  the  earth,  may  be  feparated  from 
the  part  which  is  equal  and  parallel  to  it,  and  it  may 
be  called  the  fun’s  difturbing  force.  Its  proportion  to 
the  moon’s  defledtion  towards  the  earth  may  be  accu- 
rately afcertained,  and  its  inclination  to  the  line  of  the 
moon’s  motion  in  every  point  of  her  orbit  may  be  point- 
ed out.  This  being  done,  the  accumulated  elFedt  of 
this  difturbing  force  after  any  given  time,  however  va- 
riable, both  in  diredtion  and  intenfity  during  this  time, 
may  be  determined  by  the  39th  and  other  propofitions  of 
the  firft  book  of  the  Mathematical  Principles  of  Natural 
Philofophy.  And  thus  may  the  moon’s  motion,  when 
fo  difturbed,  be  determined  and  compared  with  her  mo- 
tion really  obferved. 

All  this  has  been  done  by  Sir  Ifaac  Newton  with  the 
moft  aftoniftiing  addrefs  and  fagacity,  fua  matheft  facem 
preferente,  partly  in  the  Principia,  and  partly  in  his 
Lun^  Theoria.  This  inveftigation,  whether  we  con- 
fider  the  complete  originality  of  the  whole  procefs,  or 
the  ingenuity  of  the  method,  or  the  fagacity  in  feeing 
and  clearly  difcriminatingthe  different  circumftances  of 
the  queftion,  or  the  wonderful  fertility  of  refource,  or 
the  new  and  moft  refined  mathematical  principles  and 
methods  that  he  employed — muft  ever  be  confidered  as 
the  moft  brilliant  fpecimen  of  human  invention  and  rea- 
foning  that  ever  was  exhibited  to  the  world. 

In  this  inveftigation  Newton  not  only  determined  the 
quantity,  the  period,  and  the  changes  of  thofe  inequa- 
lities, which  had  been  fo  confiderable  and  remarkable  as 
to  be  obferved  by  former  aftronomers,  and  this  with  an 
exaftnefs  far  furpafling  what  could  ever  be  attained  by 
mere  obfervation  ; but  he  alfo  pointed  out  feveral  other 
periodical  inequalities,  which  were  too  fmall,  and  too 
much  implicated  with  the  reft,  ever  to  be  difcovered  or 
to  be  feparated  from  them.  We  do  not  fay  that  he 
completed  the  theory  of  the  lunar  motions ; but  he 
pointed  out  the  methods  of  inveftigation,  and  he  fur- 
nifhed  all  the  means  of  profecuting  it,  by  giving  the 
world  the  elements  of  a new  fpecies  of  mathematics, 
without  which  it  would  have  been  in  vain  to  attempt  it. 
Both  this  new  mathem.atics,  and  the  methods  of  apply- 
ing it  to  fuch  queftions,  have  been  alfiduoufly  ftudied 
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and  improved  by  the  great  rnathematlcians  of  this  cen- 
tury ; and  the  lunar  theory  has  been  carried  to  fuch  x 
degree  of  perfedtion,  that  we  can  compute  her  place  ia 
the  heavens  for  any  paft  age  without  deviating  above 
one  minute  of  a degree  from  the  aftual  obfervation. 

There  is  one  empirical  equation  of  the  moon’s  mo- 
tion which  the  comparifon  of  ancient  and  modern  eclip- 
fes  obliges  the  aftronomers  to  employ,  without  being 
able  to  deduce  it,  like  the  reft,  a priori,  from  the  theory 
of  an  univerfal  force  inverfely  proportional  to  the  fquare  2^ 
of  the  diftance.  It  has  therefore  been  confidered  as  a The  fecu- 
ftumbling  block  in  the  Newtonian  philofophy.  This  equa- 
ls what  is  called  the  fecular  equation  of  the  moott’s  mean 
THotion.  The  mean  motion  is  deduced  from  a compan- 
fon  of  diftant  obfervations.  The  time  between  them,  ftancc 
being  divided  by  the  number  of  intervening  revolutions, 
gives  the  average  time  of  one  revolution,  or  the  mean 
lunar  period.  When  the  ancient  Chaldean  obfervations 
are  compared  with  thofe  of  Hipparchus,  we  obtain  a 
certain  period  ; when  thofe  of  Hipparchus  are  compa- 
red with  fome  in  the  9th  century,  we  obtain  a period 
fomewhat  Ihorter ; when  the  laft  are  compared  with 
thofe  of  Tycho  Brahe,  we  obtain  one  ftill  fhorter  ; and 
when  Brahe’s  are  compared  with  thofe  of  our  day,  we 
obtain  the  fhorteft  period  of  all — and  thus  the  moon’s 
mean  motion  appears  to  accelerate  continually  ; and  the 
accelerations  appear  to  be  in  the  duplicate  ratio  of  the 
times.  The  acceleration  for  the  century  which  ended 
in  1700  is  about  9 feconds  of  a degree  ; that  is  to  fay, 
the  whole  motion  of  the  moon  during  the  17th  centu- 
ry muft  be  increafed  9 feconds,  in  order  to  obtain  its 
motion  during  the  1 8th  ; and  as  much  muft  be  taken 
from  it,  or  added  to  the  computed  longitude,  to  obtain 
its  motion  during  the  1 6th  ; and  the  double  of  this  muft 
be  taken  from  the  motion  during  the  16th,  to  obtain 
its  motion  during  the  15th,  &c.  Or  it  will  be  fuflicient 
to  calculate  the  moon’s  mean  longitude  for  any  time 
paft  or  to  come  by  the  fecular  motion  which  obtains  in 
the  prefent  century,  and  then  to  add  to  this  longitude 
the  product  of  9 feconds,  multiplied  by  the  fquare  of 
the  number  of  centuries  which  intervene.  Thus  having 
found  the  mean  longitude  for  the  year  1200,  add  9 fe- 
conds, multiplied  by  36,  for  fix  centuries.  By  this  me- 
thod we  fhall  make  our  calculation  agree  with  the  moft 
ancient  and  all  intermediate  obfervations.  If  we  negledl 
this  corredion,  we  fhall  differ  more  than  a degree  from 
the  Chaldean  obfervations  of  the  moon’s  place  in  the 
heavens. 

The  mathematicians  having  fucceeded  fo  completely 
in  deducing  all  the  obferved  inequalities  of  the  planeta- 
ry motions,  from  the  Angle  principle,  that  the  defled- 
ing  forces  diminilhed  in  the  inverfe  duplicate  ratio  of 
the  diftances,  were  fretted  by  this  exception,  the  reality 
of  which  they  could  not  conteft.  Many  opinions  were 
formed  about  its  caufe.  Some  have  attempted  to  de- 
duce it  from  the  adion  of  the  planets  on  the  moon  ; 
others  have  deduced  it  from  the  oblate  form  of  the 
earth,  and  the  tranflation  of  the  ocean  by  the  tides ; 
others  have  fuppofed  it  owing  to  the  refiftance  of  the 
ether  in  the  celeftial  fpaces ; and  others  have  imagined 
that  the  adion  of  the  defleding  force  requires  time  for 
its  propagation  to  a diftance  ; But  their  dedudions  have 
been  proved  unfatisfadory,  and  have  by  no  means  the 
precifion  and  evidence  that  have  been  attained  in  the 
other  queftions  of  phyfical  aftronomy.  At  laft  M.  de 
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la  Place,  of  the  Royal  Academy  of  Sciences  at  Paris,  al  to  the  time,  this  efFe^fl  will  be  as  the  fquares  of  the 
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has  happily  fucceeded,  and  deduced  the  fecular  equation 
of  the  moon  from  the  Newtonian  law  of  planetary  de- 
flexion. It  is  produced  in  the  following  manner. 

Suppofe  the  moon  revolving  round  the  earth,  undi- 
fturbed  by  any  defleXion  toward  the  fun,  and  that  the 
Newtonian  time  of  j^er  revolution  is  exaXly  afcertained.  Now  let 
de^'  influence  of  the  fun  be  added.  This  diminiflies  her 
fieXion.^'  tendency  to  the  earth  in  oppofition  and  conjunXion, 
and  increafes  it  in  the  quadratures : but  the  diminutions 
exceed  the  augmentations  both  in  quantity  and  dura- 
tion ; and  the  excefs  is  equivalent  to  of  her  ten- 

dency to  the  earth.  Therefore  this  diminiflied  tenden- 
cy cannot  retain  the  moon  in  the  fame  orbit ; fhe  mufl; 
retire  farther  from  the  earth,  and  defcribe  an  orbit  which 
is  lefs  incurvated  by  -Vgth  part ; and  fhe  muft  employ 
a longer  time  in  a revolution.  The  period  therefore 
which  we  obferve,  is  not  that  which  would  have  obtain- 
ed had  the  moon  been  influenced  by  the  earth  alone. 
We  fhould  not  have  known  that  her  natural  period  was 
increafed,  had  the  difturbing  influence  of  the  fun  re- 
mained unchanged  ; but  this  varies  in  the  inverfe  tri- 
plicate ratio  of  the  earth’s  diflance  from  the  fun,  and  is 
therefore  greater  in  our  w'inter,  when  the  earth  is  nearer 
to  the  fun.  This  is  the  fource  of  the  annual  equation, 
by  which  the  lunar  period  in  January  is  made  to  exceed 
that  in  July  nearly  24  minutes.  The  angular  velocity 
of  the  moon  is  diminilhed  in  genera!  ttqj 
merical  coefficient  varies  in  the  inverfe  ratio  of  the  cube 
of  the  earth’s  diflance  from  the  fun.  If  we  expand  this 
inverfe  cube  of  the  earth’s  diflance  into  a feries  arrang- 
ed according  to  the  fines  and  cofines  of  the  earth’s 
mean  motion,  making  the  earth’s  mean  diflance  unity, 
we  fhall  find  that  the  feries  contains  a term  equal  to  J 
of  the  fquare  of  the  eccentricity  of  the  earth’s  orbit. 
Therefore  the  expreffion  of  the  diminution  of  the  moon’s 
angular  velocity  contains  a term  equal  to  -r^-g  of  this  ve- 
locity, multiplied  by  \ of  the  fquare  of  the  earth’s  ec- 
centricity ; or  equal  to  the  produX  of  the  fquare  of  the 
eccentricity,  multiplied  by  the  moon’s  angular  velocity, 
and  divided  by  119,33.  (f  Did  this  eccentri- 

city remain  conflant,  this  produX  would  a1fo  be  con- 
ftant,  and  would  ftill  be  confounded  with  the  general 
diminution,  making  a conflant  part  of  it : but  the  ec- 
centricity ot  the  earth’s  orbit  is  known  to  diminilh,  and 
its  diminution  is  the  refult  of  the  univerfality  of  the 
Newtonian  law  of  the  planetary  defleXions.  Although 
this  dirriinution  is  exceedingly  fmall,  its  effeX  on  the  lu- 
nar motion  becomes  fenfible  by  accumulation  in  the 
courfe  of  ages.  The  eccentricity  diminifliing,  the  dimi- 
nution of  the  moon’s  angular  motion  muft  alfo  diminilh, 
that  is,  the  angular  motion  mufl  increafe. 

During  the  i8'h  century,  the  fquare  of  the  earth’s 
eccentricity  has  diminilhed  0,0000015325,  the  mean 
diflance  from  the  fun  being  ~ 1.  This  has  increafed  the 
angular  motion  of  the  moon  in  that  time  0,00000001 285. 
As  this  augmentation  is  gradual,  we  muft  multiply  the 
angular  motion  during  the  century  by  the  half  of  this 
quantity,  in  order  to  obtain  its  accumulated  effeX.  This 
will  be  found  to  be  9"  very  nearly,  which  exceeds  that 
deduced,  from  a moft  careful  comparifon  of  the  motion 
of  the  laft  two  centuries,  only  by  a fraXion  of  a fe- 
cond  I 

As  long  as  the  diminiulon  of  the  fquare  of  the  eccen- 


tricity of  the  earth’s  cibit  can  be  fuppofed  proportion-  weight  of  each  particl 


times.  When  this  theory  is  compared . with  obferva- 
tions,  the  coincidence  is  wonderful  indeed.  The  effeX 
on  the  moon’s  motion  is  periodical,  as  the  change  of  the 
folar  eccentricity  is,  and  its  period  includes  millions  of 
years.  Its  effeX  on  the  moon’s  longitude  will  amount 
to  feveral  degrees  before  the  fecular  acceleration  change 
to  a retardation. 

Thofe  who  are  not  familiar  with  the  difqulfitlons  of 
modern  analyfis,  may  conceive  this  queftlon  in  the  fol- 
lowing manner. 

Let  the  length  of  a lunar  period  be  computed  for  the 
earth’s  diflance  from  the  fun  for  every  day  of  the  year. 

Add  them  into  one  fum,  and  divide  this  by  their  num- 
ber, the  quotient  will  be  the  mean  lunar  period.  This 
will  be  found  to  be  greater  than  the  arithmetical  me- 
dium between  the  greateft  and  the  leaft.  Then  fuppofe 
the  eccentricity  of  the  earth’s  orbit  to  be  greater,  and 
make  the  fame  computation.  The  average  period  will 
be  found  ftill  greater,  wfliile  the  medium  between  the 
greateft  and  leaft  periods  will  hardly  differ  from  the 
former.  Something  very  like  this  may  be  obferved 
without  any  calculation,  in  a cafe  very  fimilar.  The 
angular  velocity  of  the  fun  is  inverfely  as  the  fquare  of 
his  diftance.  Look  into  the  folar  tables,  and  the  great- 
eft diurnal  motion  will  be  found  3673",  and  the  leaft 
3433'fl  The  mean  of  thefe  is  3553  ',  but  the  medium 
of  the  whole  is  3548''.  Now  make  a fimilar  obfervation 
in  tables  of  the  motion  of  the  planet  Mars,  whofe  ec- 
centricity is  much  greater.  We  fhall  find  that  the  me- 
dium between  the  greateft  and  leaft  exceeds  the  true 
medium  of  all  in  a much  greater  proportion. 

Thus  has  the  patient  and  affiducus  cultivation  of  the  Certainty 
Newtonian  difeoveries  explained  every  phenomenon,  and  and  utility 
enabled  us  to  forefee  changes  in  them  which  no  exami-  of  law. 
nation  of  the  part  appearances,  unaffifted  by  this  theory, 
could  have  pointed  out,  and  which  muft  have  exceed- 
ingly embarrafled  future  aftronomers.  This  great  but 
Ample  law  of  defle'Xion  reprefents  every  phenomenon  of 
the  fyftem  in  the  moft  minute  circumftances.  Far 
from  fearing  that  future  experience  may  overturn  this 
law,  we  may  reft  affured  that  it  will  only  confirm  it 
more  and  more  ; and  w'e  may  confide  in  its  moft  remote 
confequences  as  if  they  were  aXually  obferved.  28 

It  is  difeovered  by  obfervation,  that  the  defleXion  of  Reciprocal 
the  moon  to  the  earth,  and  of  the  planets  to  the  fun,  defleXion 
are  accompanied  by  an  equal  and  oppofite  defleXion  of 
the  earth  to  the  moon,  and  of  the  fun  to  the  planets.  o^the 

The  tendency  of  the  earth  to  the  moon  is  plainly  in-  funandpla- 
dicated  by  the  rife  of  the  waters  of  the  ocean  under  the  nets, 
moon,  and  on  the  oppofite  fide  of  the  earth.  Sir  Ifaac 
Newton  tried  what  fhould  be  the  refult  of  a tendency  of 
the  water  to  the  moon.  His  inveftigation  of  this  quel- 
tion  was  very  fimilar  to  that  in  his  lunar  theory.  We 
may  conceive  the  moon  to  be  one  of  many  millions  of 
particles  of  a fluid,  occupying  a globe  as  big  as  the  lu- 
nar orbit.  Each  will  feel  a fimilar  difturbing  force, 
which  will  diminifli  its  tendency  to  the  earth  in  the 
neighbourhood  of  the  place  of  conjunXion  and  oppofi- 
ticn,  and  will  increafe  it  in  the  neighbourhood  of  the  jp 
quadratures.  They  cannot  therefore  rema.in  in  cquili-  Proved  by 
brio  in  their  fpherical  form  ; they  muft  fink  in  the  qua-  the  ebbing 
dratures,  and  rife  in  the  GonjunXion  and  oppofition,  till 
their  greater  height  compenfates  for  the  diminilhed 
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oceanmuflfinkon  thofe  parts  of  the  earth  where  themoon 
is  feen  in  the  horizon,  and  muft  rife  in  thofe  whicli  have 
the  moon  in  the  zenith  or  nadir.  All  thele  effetfls  are 
not  only  to  be  feen  in  general,  but  they  may  all  be  cal- 
culated, and  the  very  form  pointed  out  which  the  fur- 
face  of  the  ocean  muft  affume:  and  thus  a tendency  of 
every  particle  of  the  ocean  to  the  moon,  inverfely  pro- 
portional to  the  fquare  of  its  diftance  from  it,  gives  us 
a theory  of  the  ebbing  and  flowing  of  the  fea.  This 
is  delivered  in  fufficient  detail  in  the  article  Tide  of 
the  Encyclopedia,  and  therefore  need  not  be  inftft- 
ed  on  in  this  place.  The  fame  inference  muft  be 
drawn  from  the  precefTion  of  the  equinoxes  produced 
by  the  adtion  of  the  moon  on  the  protuberant  matter 
of  our  equatoreal  regions.  See  Precession  in  the 
-3  Encycl. 

Andbydif-  But  the  mutual  tendency  of  the  earth  and  moon  is 
fercnt  com-  clearly  feen  in  a phenomenon  that  is  much  more  Ample, 
putatioiis  ^ jp  compute  the  fun’s  place  in  the  heavens,  on  the 
^hc^^iii'the  eatth  defcribes  areas  proportional 

heavens.  times,  tve  fnall  And  it  to  agree  wu'th  obfervation 

at  every  new  and  full  moon  : But  at  the  firft  quarter 
the  fun  will  be'obferved  about  9 feconds  too  much  ad- 
vanced to  the  eaftward  ; and  at  the  laft  quarter  he  wull 
be  as  much  to  the  weftward  of  his  calculated  place.  In 
all  intermediate  pofitions,  the  deviation  of  the  obferved 
from  the  computed  place  of  the  fun  will  be  9 feconds, 
multiplied  by  the  fine  of  the  moon’s  diftance  from  con- 
jundtion  or  oppofition.  In  fhort,  the  appearances  will  be 
the  fame  as  if  it  were  not  the  earth  which  defcribed  areas 
proportional  to  the  times  round  the  fun,  but  that  a 
point,  lying  between  the  earth  and  moon,  and  very  near 
the  earth’s  furface,  were  defcribing  the  ellipfe  round 
the  fun,  while  the  earth  and  moon  revolve  round  this 
point  in  the  courl'e  of  a lunation,  having  the  point  al- 
ways in  the  line  between  them,  in  the  fame  manner  as 
if  they  were  on  the  extremities  of  a rod  which  turns 
round  this  point,  while  the  point  itfelf  revolves  round 
the  fun. 

This  then  is  the  fadl  with  refpedl:  to  the  motions  ; 
and  the  earth  in  a month  defcribes  an  orbit  round  this 
common  centre  of  the  earth  and  moon.  It  cannot  do 
this  unlefs  it  be  continually  defledled  from  the  tangent 
to  this  orbit ; therefore  it  is  continually  defledled  to- 
ward the  moon  : and  the  momentum  of  this  defledlion, 
that  is,  its  quantity  of  motion,  is  the  fame  with  that  of 
the  moon’s  defledlion,  becaufe  their  diftances  from  the 
common  centre  are  as  their  quantities  of  matter  in- 
verfely. 

Appearances  perfedlly  fimilar  to  thefe  oblige  us  to 
affirm  that  the  fun  is  continually  defledled  toward  the 
planets.  Aftronomical  inftruments,  and  the  art  of  ob- 
I'erving,  have  been  prodigioufly  improved  fince  Sir  Ifaac 
Newton’s  time  ; and  the  moft  fcrupulous  attention  has 
been  paid  to  the  fun’s  motion,  becaufe  it  is  to  his  place 
in  the  univerfe  that  continual  reference  is  made  in  com- 
puting the  place  of  all  the  planets.  He  is  fiippofed  at 
reft  in  the  common  focus  of  all  their  orbits ; and  the 
obferved  diftance  of  a planet  from  the  fun  is  always  con- 
fideied  as  the  radius  vedior.  If  this  be  not  the  cafe, 
the  orbital  motions  contained  in  our  tables  are  not  the 
abfolute  motions  rf  the  planets,  nor  the  deflcdlicns  from 
the  tangents  the  real  defledlions  from  abfolute  redlihneal 
motion  ; and  therefore  the  forces  are  not  fuch  as  we  in- 
fer from  thofe  miftaken  defledlions.  Accordingly  Sir 
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Ifaac  Newton,  induced  by  certain  metaphyfical  ccnfi-  ,j 
derations,  affumed  it  as  a law  of  motion,  that  every  ac-  Obferva- 
tion of  a body  A on  another  body  B,  is  accompanied  tiens  on 
by  an  equal  and  contrary  action  of  B on  A.  We  do 
not  fee  the  propriety  of  this  afiertion  as  a metaphyfical 
axiom.  It  is  perfedlly  conceivable  that  a piece  of  iron 
will  always  approach  a magnet  when  in  its  neighbour- 
hood ; but  we  do  not  fee  that  this  obliges  us  to  affert 
that  therefore  the  magnet  w’ill  alfo  approach  the  iron. 

Thofe  who  explain  the  phenomena  of  magnetifm  by 
the  impulfe  of  a fluid,  muft  certainly  grant  that  there  is 
no  metaphyfical  neceffity  for  another  ftream  of  fluid  im- 
pelling the  magnet  toward  the  iron.  And  accordingly 
this,  and  the  fimilar  reciprocity  in  the  phenomena  of 
eledlricity,  have  ahoays  been  confidered  as  dedudlions 
of  experimental  philcfophy  ; yet  w^e  obferve  the  fame  re- 
ciprocity in  all  the  adlions  of  fublunary  bodies ; and 
Nevv^ton’s  third  law  of  motion  is  received  as  true,  and 
admitted  as  a principle  of  reafoning.  But  we  appre-  Newton’* 
hend  that  it  was  hafty  in  this  great  philofopher,  and  esaenfion 
unlike  his  fcrupulous  caution,  to  extend  it  to  the  pla- 
netary  motions.  He  did,  however,  extend  it,  and  af- 
ferted,  that  as  each  planet  was  defledled  toward  the  fun, 
the  fun  was  equally  (in  refpedl  of  momentum)  defledled 
tow'ard  each  planet,  and  that  his  real  motion  was  the 
compofition  of  all  thofe  fimultaneous  defledlions.  He 
afferted,  that  there  was  a certain  point  round  which  the 
fun  and  his  attending  planets  revolved;  and  that  the 
orbit  of  a planet,  Avhich  our  meafurements  determined 
by  continual  reference  to  the  fun  as  to  a fixed  body, 
w^as  not  the  true  orbit,  but  confifted  of  the  contempo- 
raneous orbits  of  that  planet  and  of  the  fun  round  this 
fixed  point.  Any  little  fedlor  of  the  apparent  orbit 
was  greater  than  the  correfponding  fedlor  of  the  pla- 
net’s true  orbit  in  abfolute  fpace,  and  the  apparent  mo- 
tion was  compounded  of  the  true  motion  of  the  planet, 
and  the  oppofite  to  the  true  motion  of  the  fun.  After 
a moft  ingenious  and  refined  inveftigation,  he  fliowed 
that,  notwithftanding  this  great  difference  of  the  Kep- 
lerean  laws  from  the  truth,  the  inference,  with  refpedl 
to  the  law  of  planetary  defledlion,  is  juft,  and  that  not 
only  the  apparent  defledlions  are  in  the  inverfe  dupli- 
cate ratio  of  the  diftances  from  the  fun,  but  that  the 
real  defledlions  vary  in  the  fame  ratio  of  the  diftances 
from  the  fixed  point,  and  alfo  from  the  fun  ; for  he 
ftiew^ed  that  the  diftances  from  the  fun  were  in  a con- 
ftant  ratio  to  the  diftances  from  thi.s  point.  He  fhevv- 
ed  alfo  that  the  fame  forces  which  produced  the  con- 
temporaneous revolution  of  a planet  and  the  fun  round 
the  centre  of  the  fyftem,  would  produce  a revolution  of 
the  planet  in  a fimilar  orbit  round  the  fun  (fiippofed 
to  be  held  faft  in  his  place)  at  the  fame  diftance  which 
really  obtains  between  them,  with  this  foie  difference, 
that  the  periodic  time  will  be  longer,  in  the  fubdupli- 
cate  ratio  of  the  quantity  of  matter  in  the  fun  to  the 
quantity  of  matter  of  the  fun  and  planet  together.  A- 
reas  will  be  defcribed  proportional  to  the  times,  and  the 
orbit  wfill  be  elliptical ; but  the  ratio  of  the  fquares  of 
the  periodic  times  will  not  be  the  fame  with  the  ratio 
of  the  cubes  of  the  diftances,  unlefs  all  the  planets  are 
equal. 

Thus  was  the  attention  of  afironomers  diredled  to  a 
number  of  apparent  irregularities  in  the  motion  of  the 
earth,  which  muft  refnlt  from  this  derangement  of  the 
fun,  which  they  had  imagined  to  remain  ftedfaft  in  his 

G 2 place. 


52 


ASTRO 

place.  They  were  told  what  to  expedt,  and  on  what 
pofitions  of  the  planets  the^kind  and  quantity  of  every 
irregularity  depended.  This  was  a moft  inviting  field 
of  obfervation  to  a curious  fpeculatifl; ; but  it  required 
the  nicell  and  moft  expeiifive  inftruments,  and  an  unin- 
terrupted feries  of  long  continued  obfervations,  fufficient 
to  occupy  the  whole  of  a mah's  time.  Fortunately  the 
accurate  determination  of  the  folar  and  lunar  motions 
were  of  the  utmoft  importance,  nay,  indifpenfably  ne- 
ceflary  for  folving  the  famous  problem  of  the  longitude 
of  a ftiip  at  fea : and  thus  the  demands  of  commercial 
Europe  came  in  aid  of  philofophical  curiofity,  and  oc- 
cafioned  the  eredtion  of  obfervatorles,  firft  at  Green- 
wich, and  fooii  after  at  Paris  and  other  places,  with  e- 
ftablifhmentsfor  aftronomers,  whofliouldcarefully  watch 
the  motions  of  the  fun  and  moon,  not  ncgledting  the 
other  planets. 

Confirmed  The  fortunate  refult  of  all  this  folicitude  has  been  the 
by  obferva-  complete  eftablifhment  of  the  Newtonian  conjedture  (for 
tion.  Pq  muft  ftill  think  it),  and  the  verification  of  New- 
ton’s affertion,  that  adlion  was  accompanied,  through 
the  whole  folar  fyftem,  by  an  equal  and  contrary  re- 
adtlon.  All  the  inequalities  of  the  folar  motion  pre- 
didled  by  Newton  have  been  obferved,  although  they 
are  frequently  fo  complicated  that  theycould  never  have 
been  detedled,  had  not  the  Newtonian  theory  diredted 
us  when  to  find  any  of  them  pretty  clear  of  cornplica- 
tion,  and  how  to  afcertain  the  accumulated  refult  of 
them  all  in  any  ftate  of  combination. 

But  in  the  courfe  of  this  attention  to  the  motions  of 
the  fun  and  moon,  the  planets  came  in  for  a (hare,  and 
confiderable  deviations  were  found,  from  the  fuppofi- 
tion  that  all  their  defledtions  were  diredted  to  the  fun, 
and  were  in  the  inverfe  duplicate  ratio  of  their  diftances. 
The  nice  obfervation  fhewed,  that  the  period  of  Jupi- 
ter was  fomewhat  fhorter  than  Kepler’s  law  required. 

A flight  refledlion  fhewed  that  this  was  no  incon- 
fiftency  ; becaufe  the  common  centre  of  the  conjoined 
orbits  of  the  Sun  and  Jupiter  was  fenfibly  diftant  from 
the  centre  of  the  fun,  namely,  about  the  i tooth  part  of 
the  radius  veSior  ; and  therefore  the  real  defledlion  was 
about  a 2200th  part  lefs  than  was  fuppofed.  It  was  now 
plain  that  the  diftances  to  which  the  Keplerean  law  muft 
be  applied,  are  the  diftances,  not  from  the  fun,  but  from 
the  fixed  point  round  which  the  fun  and  planets  revolve. 
This  difference  was  too  fmall  to  be  obferved  in  Kepler’s 
time ; but  the  feeming  error  is  only  a confirmation  of 
the  Newtonian  philofophy. 

But  there  are  other  irregularities  which  cannot  be  ex- 
plained in  this  manner.  The  planetary  orbits  change 
their  pofition  ; their  aphelia  advance,  their  nodes  recede, 
their  inclination  to  each  other  vary.  The  mean  mo- 
tions of  Saturn  and  Jupiter  are  fubjedt  to  confiderable 
changes,  which  are  periodical. 

Defledlion  Sir  Ifaac  Newton  had  no  fooner  difeovered  the  unl- 
the  pla-  verfallty  and  reciprocity  of  the  defledtions  of  the  pla- 
nets to-  than  he  alfo  fufpedted  that  they  were 

'•iher  continually  defledted  towards  each  other.  He  imme- 
diately obtained  a general  notion  of  what  ftiould  be 
the  more  general  refults  of  fuch  a mutual  adtion.  They 
may  be  conceived  in  this  way. 

Plate  VI.  Eet  S (fig.  5.)  reprefent  the  fun,  E the  earth,  and  I 
Jupiter,  deferibing  concentric  orbits  round  the  centre  of 
the  fyftem.  Make  IS  : EA  = EP  : SP.  Then,  if 
JS  be  taken  to  reprefent  the  defledlion  of  the  fun  to- 
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ward  Jupiter,  EA  will  reprefent  the  defleffion  of  the 
Earth  to  Jupiter.  Draw  EB  equal  and  parallel  to  SI, 
and  complete  the  parallelogram  EBAD.  ED  will  re-  General  re- 
prefent the  difturbing  force  of  Jupiter.  It  may  be  re- 
folved  into  EF,  perpendicular  to  ES,  and  EG  in  the  di- 
redtion  of  SE.  By  the  firft  of  thefe  the  earth’s  angu- 
lar motion  round  the  fun  is  affedted,  and  by  the  fecond 
its  defledlion  toward  him  is  dirainlflied  or  increafed. 

In  confequence  of  this  firft  part  of  the  difturbing 
force,  the  angular  motion  is  increafed,  while  the  earth 
approaches  from  quadrature  to  conjundlion  with  Jupi- 
ter (which  is  the  cafe  reprefented  In  the  figure),  and  is 
diminlflied  from  the  time  that  Jupiter  is  in  oppofition 
till  the  earth  is  again  in  quadrature,  weftward  of  his 
oppofition.  The  earth  is  then  accelerated  till  Jupiter 
is  in  conjundlion  with  the  fun;  after  which  it  is  retard- 
ed till  the  earth  is  again  in  quadrature. 

The  earth’s  tendency  to  the  fun  is  diminifhed  while 
Jupiter  is  in  the  neighbourhood  of  his  oppofition  or 
conjundlion,  and  increafed  while  he  is  In  the  neighbour- 
hood of  his  ftationary  pofitions.  Jupiter  being  about 
1000  times  lefs  than  the  fun,  and  5 times  more  remote, 

IS  muft  be  confidered  as  reprefenting  ^^-^th  of  the 
earth’s  defledlion  to  the  fun,  and  the  forces  ED  and 
EG  are  to  be  meafured  on  this  fcale. 

In  confequence  of  this  change  in  the  earth’s  tenden- 
cy to  the  fun,  the  aphelion  fometimes  advances  by  the 
diminution,  and  fometimes  retreats  by  the  augmenta- 
tion. It  advances  when  Jupiter  chances  to  be  in  oppo- 
fition when  the  earth  is  in  its  aphelion  ; becaufe  this  di- 
minution of  its  defledlion  towards  the  fun  makes  it  later 
before  Its  path  is  brought  from  forming  an  obtufe  angle 
with  the  radius  veBor,  to  form  a right  angle  with  it. 

Becaufe  the  earth’s  tendency  to  the  fun  is,  on  the  whole, 
more  dimlniftied  by  the  difturbing  force  of  Jupiter  than 
it  is  Increafed,  the  aphelion  of  the  earth’s  orbit  advances 
on  the  whole. 

In  like  manner  the  aphelia  of  the  inferior  planets  ad- 
vance by  the  difturbing  forces  of  the  fuperior : but  the 
aphelion  of  a fuperior  planet  retreats  ; for  thefe  reafons, 
and  becaufe  Jupiter  and  Saturn  are  larger  and  more 
powerful  than  the  inferior  planets,  the  aphelia  of  them 
all  advance  while  that  of  Saturn  retreats. 

In  confequence  of  the  fame  difturbing  forces,  the 
node  of  the  difturbed  planet  retreats  on  the  orbit  of  the 
difturbing  planet ; therefore  they  all  retreat  on  the  eclip- 
tic, except  that  of  Jupiter,  which  advances  by  retreat- 
ing on  the  orbit  of  Saturn,  from  which  it  fuffers  the 
greateft  difturbance.  This  is  owing  to  the  particular 
pofition  of  the  nodes  and  the  inclinations  of  the  orbits. 

The  inclination  of  a planetary  orbit  increafes  while 
the  planet  approaches  the  node,  and  dlminiflies  while 
the  planet  retires  from  it.  36 

M.  de  la  Place  has  completed  this  dedudtion  of  the  4 
planetary  inequalities,  by  explaining  a peculiarity  in  the 
motions  of  Jupiter  and  Saturn,  which  has  long  employ-  themotions 
ed  the  attention  of  aftronomers.  The  accelerations  and  of  Jupiter 
retardations  of  the  planetary  motions  depend,  as  has  and  Saturn, 
been  ftiown,  on  their  configurations,  or  the  relative  quar- 
ters of  the  heavens  in  which  they  are.  Thofe  of  Mer- 
cury, Venus,  the  Earth,  and  Mars,  arifing  from  their 
mutual  defledtions;  and  their  more  remarkable  deflec- 
tions to  the  great  planets  Jupiter  and  Saturn,  nearly 
compenfate  each  other,  and  no  traces  of  them  remain 
after  a few  revolutions ; but  the  pofitions  of  the  aphe- 
lia 
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lia  of  Saturn  and  Jupiter  are  fuch,  that  the  retardations 
of  Saturn  fenfibly  exceed  the  accelerations,  and  the  ano- 
maliftic  period  of  Saturn  increafes  almoft  a day  every 
century ; on  the  contrary,  that  of  Jupiter  diminifhes. 
M.  de  la  Place  (hows,  that  this  proceeds  from  the  pofi- 
tion  of  the  aphelia,  and  the  almoft  perfe<5t  commenfura- 
bility  of  their  revolutions ; five  revolutions  of  Jupiter 
making  21,675  days,  while  two  revolutions  of  Saturn 
make  21,538,  differing  only  137  days. 

Suppofing  this  relation  to  be  exael,  the  theory  ftiews, 
that  the  mutual  adlion  of  thefe  planets  muft  produce 
mutual  accelerations  and  retardations  of  their  mean  mo- 
tions, and  afcertains  the  periods  and  limits  of  the  fecu- 
lar  equations  thence  arifing.  Thefe  periods  include  fe- 
veral  centuries.  Again,  becaufe  this  relation  is  not  pre- 
cife,  but  the  odd  days  nearly  divide  the  periods  already 
found,  there  muft  arife  an  equation  of  this  fecular  equa- 
tion, of  which  the  period  is  immenfely  longer,  and  the 
maximum  very  minute.  He  Ihews  that  this  retardation 
of  Saturn  is  now  at  its  maximum,  and  is  diminifliing 
again,  and  will,  in  the  courfe  of  years,  chamge  to  an 
acceleration. 

This  inveftigation  of  the  fmall  inequalities  is  the  mod 
intricate  problem  in  mechanical  philofophy,  and  has 
been  completed  only  by  very  flow  degrees,  by  the  ar- 
duous efforts  of  the  greateft  mathematicians,  of  whom 
M.  de  la  Grange  is  the  moft  eminent.  Some  of  his  ge- 
neral refults  are  very  remarkable. 

He  demonftrates,  that  fince  the  planets  move  in  one 
dircdlion,  in  orbits  nearly  circular,  no  mutual  difturb- 
ances  make  any  permanent  change  in  the  mean  diftan- 
ces  and  mean  periods  of  the  planets,  and  that  the  perio- 
die  changes  are  confined  within  very  narrow  limits. 
Ofcillation  The  orbits  can  never  deviate  fenfibly  from  circles.  None 
of  the  pla-  of  them  ever  has  been  or  will  be  a comet  moving  in  a 
netary  fyf-  very  eccentric  orbit.  The  ecliptic  will  never  coincide 
with  the  equator,  nor  change  its  inclination  above  two 
degrees.  In  Ihort,  the  folar  planetary  fyftem  ofcillates, 
as  it  were,  round  a medium  date,  from  which  it  never 
fwerves  very  far. 

This  theory  of  the  planetary  inequalities,  founded  on 
the  univerfal  law  of  mutual  defledtion,  has  given  to  our 
tables  a precifion.  and  a coincidence  with  obfervation, 
that  furpaffes  all  expedation,  and  infures  the  legitimacy 
of  the  theory.  The  inequalities  are  moft  fenfible  in  the 
motions  of  Jupiter  and  Saturn  ; and  thefe  prefent  them- 
felves  in  fuch  a complicated  date,  and  their  periods  are 
fo  long,  that  ages  were  neceffary  for  difeovering  them 
by  mere  obfervation.  In  this  refped,  therefore,  the 
^3  theory  has  outftripped  the  obfervations  on  which  it  is 
Authenti-  founded.  It  is  very  remarkable,  that  the  periods  which 
city  of  the  the  Indians  affign  to  thefe  two  planets,  and  which  ap- 
Indian  a-  peared  fo  inaccurate  that  they  hurt  the  credit  of  the 
‘ouy*  feienceof  thofe  ancient  aftronomers,  are  now  found  pre- 
cifely  fuch  as  muft  have  obtained  about  three  thoufand 
years  before  the  Chriftian  era  ; and  thus  they  give  an 
authenticity  to  that  ancient  aftronomy.  The  periods 
w'hich  any  nation  of  aftronomers  aflign  to  thofe  two  pla- 
nets would  afford  no  contemptible  mean  for  determin- 
ing the  age  in  which  it  was  obferved. 

The  following  circumftance  is  remarkable  : Suppofe 
Jupiter  and  Saturn  in  conjundicn  in  the  firft  degree  of 
Aries ; ■ wenty  years  after,  it  will  happen  in  Sagitta- 
rius; and  after  another  twenty  years,  it  will  happen  in 
Leo.  It  will  continue  in  thefe  three  figns  for  200  years. 
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In  the  next  200  it  will  happen  In  Taurus,  Capricornus, 
and  Virgo ; in  the  next  200  years,  it  will  happen  in 
Gemini,  Aquarius,  and  Libra;  and  in  the  next  200 
years,  it  will  happen  in  Cancer,  Pifees,  and  Scorpio  ; 39 

then  all  begins  again  in  Aries.  It  is  highly  probable  Origin  of 
that  thefe  remarkable  periods  of  the  oppofitions  of  Ju-  aftrolo- 
piter  and  Saturn,  progrelTive  for  40  years,  and  ofcilla- 
ting  during  160  more,  occafioned  the  aftrological  divi-  h°avens. 
fion  of  the  heavens  into  the  four  trigons,  of  fire,  air, 
earth,  and  water.  Thefe  relations  of  the  figns,  which 
compofe  a trigon,  point  out  the  repetitions  of  the  chief 
irregularities  of  the  folar  fyftem. 

M.  de  la  Place  obferves  (in  1796,)  that  the  laft  dif- 
covered  planet  gives  evident  marks  of  the  adtioa  of  the 
reft  ; and  that  when  thefe  are  computed  and  taken  into 
the  account  of  its  bygone  motions,  they  put  It  beyond 
doubt  that  it  was  feen  by  Flamftead  in  1690,  by  Mayer 
in  1756,  and  by  Monnier  in  1769.  40 

We  have  hitherto  overlooked  the  comets  in  our  ac-  A<5Hon  of 
count  of  the  mutual  difturbances  of  the  folar  fyftem. 

Their  number  is  very  great,  and  they  go  to  all  quarters 
of  the  univerfe  : but  we  may  conclude,  from  the  won- 
derful regularity  of  the  planetary  motions,  when  all  their 
own  mutual  adlons  are  taken  into  account,  that  the 
quantity  of  matter  in  the  comets  is  very  inconfiderable. 

They  remain  but  a fliort  time  in  the  neighbourhood  of 
the  planets,  and  they  pafs  them  with  great  rapidity. 

Some  of  them  have  come  very  near  to  Jupiter,  but  left 
no  trace  of  their  aftion  in  the  motions  of  his  fatellites. 

They  doubtlefs  contribute.  In  general,  to  make  the  ap- 
fides  of  the  planetary  orbits  advance.  4J 

On  the  other  hand,  the  comets  may  be  confiderably  They  are 
affedled  by  the  planets.  The  very  important  phenome-  afferi:ed  by 
non  of  the  return  of  the  comet  of  1682,  which  was  to  the  planets, 
decide  whether  they  were  revolving  planets  deferibing 
ellipfes,  or  bodies  which  came  but  once  into  the  plane- 
tary regions,  and  then  retired  for  ever,  caufed  the  aftro- 
nomers to  confider  this  matter  with  great  care.  Plallcy 
had  fhown,  in  a rough  way,  that  this  comet  muft  have 
been  confiderably  affedfed  by  Jupiter.  ■ Their  motion 
near  the  aphelion  muft  be  fo  very  flow,  that  a very  fmall 
change  of  velocity  or  direflion,  while  in  the  planetary 
regions,  muft  confiderably  affedt  their  periods.  Halley 
thought  that  the  adlion  of  Jupiter  might  change  it  half 
a year.  Mr  Clairaut,  by  confidering  the  difturbing  forces 
of  Jupiter  and  Saturn  through  the  whole  revolution, 
fhowed  that  the  period  then  running  would  exceed  the 
former  nearly  two  years  (618  days),  and  affigned  the 
middle  of  April  1759  for  the  time  of  its  perihelion.  It 
really  paffed  its  perihelion  on  the  12th  of  March.  This 
was  a wonderful  precifion,  when  we  refledt  that  the  co- 
met had  been  feen  but  a very  few  days  in  its  former 
apparitions. 

A comet  obferved  by  Mr  Profperin  and  others  in 
1771  has  greatly  puzzled  the  aftronomers.  Its  motions 
appear  to  have  been  extremely  irregular,  and  it  certainly 
came  fo  near  Jupiter,  that  his  momentary  influence  was 
at  leaft  equal  to  the  fun’s.  It  has  not  been  recognifed 
fince  that  time,  although  there  Is  great  probability 
that  It  is  continually  among  the  planets. 

It  Is  by  no  means  impoflable,  nor  highly  improbable,  Confe- 
that  in  the  courfe  of  ages,  a comet  may  adtually  meet  quence  of  a 
one  of  the  planets.  The  effedl  of  fuch  a concourfe  muft 
be  dreadful  ; a change  of  the  axis  of  diurnal  rotation  meeting, 
muft  refult  from  it,  and  the  fea  muft  defert  its  former 
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bed  and  overflow  the  new  equatorial  regions.  The, 
Ihock  and  the  deluge  muft  deftroy  all  the  works  of  man, 
and  moft  of  the  race.  The  remainder,  reduced  to  mi- 
fery,  mufl  long  llruggle  for  exiflence,  and  all  remem- 
brance of  former  arcs  and  events  muft  be  loft,  and  every 
thing  muft  be  invented  anev/.  There  are  not  wanting 
traces  of  fuch  devaftalions  in  this  globe;  ftrata  and 
things  are  now  found  on  mountain  tops  which  were  cer- 
tainly at  the  bottom  of  the  ocean  in  former  times ; re- 
mains of  tropical  animals  and  plants  are  now  dug  up  in 
tlie  circumpolar  regions.  Ternpora  mutantw,  et  nos  mu- 
tarnur  in  iliis. 

It  is  plain,  that  when  we  know-  the  direaion  and  the 
intenfity  of  the  difturbing  force,  w^e  can  tell  what  will 
be  the  accumulated  effedl  of  its  adion  for  any  time. 
The  direction  is  eafily  determined  by  means  of  the  di- 
ftance  : but  how  ftiall  we  determine  the  intenfity  ? Since 
we  fee  that  the  whole  w'aters  of  the  ocean  are  defledfed 
toward  the  moon,  and  have  fuch  probable  evidence  that 
planetary  defledionis  mutual;  itfollows,  that  the  moon 
is  defledted  towards  e^jery  drop  of  water,  and  that  all 
the  matter  in  one  body  is  defiedted  towards  all  the 
matter  in  another  body  ; and  therefore  that  the  deflec- 
tion towards  the  fun  or  a planet  is  greater  or  lefs  in  pro- 
portion to  its  quantity  of  matter.  Newton  indeed 
thought  it  unreafonable  to  fuppofe  that  a planet  was 
defiedted  to  the  centre  of  the  fun,  which  had  no  diftin- 
guiihing  pbyfical  property  ; and  thought  it  more  pro- 
bable that  the  deiledtion  of  a planet  to  the  fun  was  the 
accumulated  deiledtion  of  every  particle  in  the  planet  to 
every  particle  in  the  fun.  But  he  was  too  fcrupulous 
to  take  this  for  granted.  He  therefore  endeavoured  to 
difcover  what  would  be  the  fenfible  defledtion  of  one 
fphere  to  another,  when  each  confifted  cf  matter,  every 
particle  of  which  was  defledled  to  every  particle  of  the 
other  with  an  intenfity  inverfely  proportional  to  the 
fquare  of  the  diftance  from  it.  By  help  of  a moft  beau- 
tiiul  and  fimple  prccefs,  he  difcovereJ,  that  the  ten- 
dency of  a particle  of  matter  to  a fpherical  furface,  fiiell, 
or  folid,  of  uniform  denfity  at  equal  diftances  from  the 
centre,  w^as  the  fame  as  if  all  the  particles  in  the  fur- 
face,  Ihcll,  or  folid,  were  united  in  its  centre  ; hence  it 
legitimately  followed,  that  the  mutual  tendency  of  fphe- 
rical furfaces,  lliells,  or  folids,  was  proportional  to  the 
quantities  of  matter  in  the  aCtradling  body,  and  inverfe- 
ly  as  the  fquare  of  the  diftance  cf  their  centres;  and 
thus  the  law  of  attradtion,  competent  to  every  particle 
of  planetary  matter,  was  the  fame  with  that  which  'was 
ohjerved  among  fpherical  bodies  confifting  of  fuch  mat- 
ter. And  it  is  remarkable,  that  the  inverfe  duplicate  ra- 
tio of  the  diftances  is  the  only  law  that  will  hold,  both 
with  refpedl:  to  fingle  particles  and  to  globes  cornpofed 
of  fuel)  particles.  He  alfo  demonftrateJ,  that  a par- 
ticle placed  within  a fphere  was  not  affedted  by  all  the 
fliell,  which  was  more  diftant  than  itfelf  from  the  cen- 
tre, being  equally  attradted  on  every  fide,  and  that  it 
tended  toward  the  centre  of  a homogeneous  fphere,  on 
the  furface  of  which  it  was  placed,  with  a force  pro- 
portional to  its  diftance  from  the  centre. 

Newton  faw  a cafe  in  which  it  was  pofiible  to  difeo- 
rer  whether  the  tendency  of  the  matter  of  which  the 
planets  confifted  was  diredled  to  a mathematical  centre 
void  of  any  phyfical  properties,  or  whether  it  was  the 
refult  cf  its  united  tendency  to  all  the  matter  of  the 
planet.  He  demonftrated,  that  if  the  earth  confifted  of 
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matter  which  tended  to  the  centre.  It  behoved  it  to  at- 
fume  the  form  of  an  elliptical  fpheroi(i,  in  confequence 
of  the  centrifugal  force  arifing  from  its  diurnal  motion, 
and  that  the  polar  axis  muft  be  to  its  equatorial  diame- 
ter as  577  to  578  ; but  if  every  particle  tends  to  every 
other  particle  in  the  inverfe  duplicate  ratio  of  the  di- 
ftance  from  it,  the  form  muft  ftill  be  elliptical,  but  more 
protuberant,  and  the  polar  axis  muft  be  to  the  equato- 
rial diameter  as  230  to  231.  Then  only  will  a column 
of  water  from  the  pole  to  the  centre  balance  a column 
from  the  equator  to  the  centre.  He  alfo  fhewed  what 
fliould  be  the  vibrations  of  pendulums  in  different  lati- 
tudes, on  both  fuppofitions.  Mathematicians  were  ea- 
ger therefore  to  make  tbofe  experiments  on  pendulums, 
and  to  determine  the  figure  of  the  earth  by  the  meafure- 
ment  of  degrees  of  the  meridian  in  different  latitudes. 

The  refult  of  their  endeavours  has  been  decidedly  in  fa- 
vour of  the  mutual  tendency  of  all  matter.  This  has 
been  farther  confirmed  by  the  obfervations  of  the  ma- 
thematicians who  meafured  the  degrees  of  the  meridian 
in  Peru,  and  by  Dr  Mafkelyne  in  Britain,  who  found 
that  a pendulum  fufpended  in  the  neighbourhood  of  a 
great  and  folid  mountain,  fenfibly  deviated  from  the 
true  vertical,  and  was  defteded  toward  ihe  mountain. 

From  a colledive  view  of  all  thefe  circumftances,  Sir  Proplrti- 
Ifaac  Newton  concluded,  with  great  confidence,  that  onal  quan- 
the  defledion  toward  any  planet  was  the  united  deflec-  tides  of 
tion  tow^ard  every  particle  of  matter  contained  in  it.  ttiatter  in 

This  enabled  him  to  determine  the  intenfity  of  the  pla- 
netary  difturbing  forces,  by  previoufly  afeertaining  the  temdnedr 
proportions  of  their  quantities  of  matter.  This  pro- 
portion, the  difeovery  of  which  feems  above  our  reach, 
is  eafily  afeertained  in  all  tbofe  bodies  which  have  others 
revolving  round  them  : for  the  defledlon  of  the  revolv- 
ing body,  being  occafioned  by  all  the  matter  in  the 
central  body,  will  be  proportional  (cxleris  paribus)  to 
the  quantity  of  matter  in  the  central  body,  and  there- 
fore will  give  us  a meafure  of  that  quantity.  Would  wc 
compare  the  quantity  of  matter  in  Jupiter  with  the 
quantity  of  matter  in  the  fun,  we  have  only  to  fuppofe 
that  a planet  revolves  round  the  fun  at  the  diftance  of 
Jupiter’s  fourth  fatellite.  Kepler’s  third  law  will  tell 
us  the  time  of  its  revolution.  The  diftances,  in  this 
cafe,  being  the  fame,  the  centripetal  forces,  and  confe- 
quently  the  quantities  of  matter  in  the  central  bodies, 
will  be  Inverfely  as  the  fquares  of  the  periodic  times  of 
the  revolutions  around  them.  In  this  way  have  the 
quantities  of  .matter  been  determined  for  the  Sun,  the 
Earth,  Jupiter,  Saturn,  and  the  laft  difeovered  pla- 
net. If  the  quantity  in  the  Earth  be  confidered  as  the 


unit,  we  have, 

The  Earth  - . . . i 

The  newfiy  difeovered  planet  - 17,75 

Saturn  - 86,16 

Jupiter 317,1 

The  Sun  - - - 338343. 


Thus  we  fee  that  the  fun  is  incomparably  bigger  than 
any  planet,  having  more  than  a thoufand  times  as  much 
matter  as  Jupiter,  the  moft  mafiy  of  them  all.  There 
is  a conftderable  uncertainty,  however,  in  the  proportion 
to  the  fun,  becaufe  we  do  not  know  his  diftance  nearer 
than  within  -j-^th  part.  The  proportions  of  the  reft 
to  each  other  are  more  accurate.  The  quantities  of 
matter  In  Mercury  and  Mars  can  only  be  gaeiled  at ; 
the  quantity  in  Mercury  may  be  called  0,1,  and  Mars 

may 
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Sun’s  place 
and  the 
tranfit  of  a 
planet  de- 
termined 
axadtly. 


may  be  called  0,12.  Venus  Is  fuppofed  nearly  equal  to 
the  Earth.  This  is  concluded  from  the  effe61:  which 
(he  produces  on  the  preceffion  of  the  equinoxes  and  the 
equation  of  the  fun^s  motion.  The  moon  is  fuppofed 
to  be  about  -s^th  of  the  earth,  from  the  effect  flie  pro- 
duces on  the  tides  and  the  preceffion  of  the  equinoxes, 
compared  with  thofe  produced  by  the  fun. 

When  thefe  quantities  of  matter  are  introduced  into 
the  computation  of  the  planetary  inequalities,  and  the 
incenfity  of  the  difturbing  forces  affumed  accordingly, 
the  refults  of  the  computations  tally  fo  exadtly  with  ob- 
fervation,  that  we  can  now  determine  the  fun’s  place 
for  any  moment  within  two  or  three  feconds  of  a de- 
gree, and  are  certain  of  the  tranfit  of  a planet  within 
one  beat  of  the  clock  ! 


yam  dublos  nulla  caUglne  pragravat  error  ; 

^eis  fuperum  penetrare  domos  atque  ardua  call 
Scandere  fuhlmis  genii  concejfit  acumen. 

Hallet. 

Sir  Ifaac  Newton  having  already  made  the  great  dif- 
covery  of  an  univerfal  and  mutual  deflexion  of  all  the 
matter  in  the  folar  fyftem,  was  one  day  fpeculating  on 
this  fubjeft,  and  comparing  it  with  other  deflections 
v'hich  he  obferved  among  bodies,  fuch  as  magnets,  &c. 
He  confidered  terreftrial  gravity  as  a force  of  this  kind. 

46  By  the  weight  of  terreftrial  bodies  they  kept  united 
Progrefs  of  with  the  earth.  By  its  weight  was  the  water  of  the 
Newton’s  ocean  formed  into  a fphere.  This  force  extended,  with- 
difcoveiyof  remarkable  diminution,  to  the  tops  of  the  high- 

eft  mountains.  Might  it  not  reach  much  farther  ? May 
it  not  operate  even  at  the  diftance  of  the  moon  ? In 
the  fame  manner  that  the  planetary  force  deflefts  the 
moon  from  the  tangent  to  her  orbit,  and  caufes  her  to 
deferibe  an  ellipfe,  the  weight  of  a cannon  ball  deflects 
it  from  the  line  of  its  dire«5tion,  and  makes  it  deferibe  a 
parabola.  What  if  the  defleding  force  which  incur- 
vates  her  path  towards  the  earth  be  the  Ample  weight 
of  the  moon  ? If  the  weight  of  a body  be  the  fame  wi  Ji 
the  general  planetary  force,  it  will  diminifli  as  the  fquare 
of  its  diftance  from  the  earth  increafes.  Therefore, 
faid  he  to  himfelf,  fince  the  diftance  of  the  moon  from 
the  centre  of  the  earth  is  about  50  times  greater  than 
the  diftance  of  the  ftone  which  I throw  from  my  hand, 
and  which  is  deflected  16  feet  in  one  fecond,  the  weight 
of  this  ftone,  if  taken  up  to  the  height  of  the  moon, 
ffiould  be  reduced  to  the  2500th  part,  and  ffiould  there 
defled^’^th  of  1 6 feet  in  a fecond ; and  the  rnocn  fliould 
defied  as  much  from  the  tangent  in  a fecond.  Having 
the  dimenfions,  as  he  thought,  of  the  moon’s  orbit,  I;e 
immediately  computed  the  moon’s  clefledion  in  a i'e- 
cond  ; but  he  found  it  confiderably  different  from  v hat 
he  vviflied  it  to  be-  He  therefore  concluded  that  the 
planetary  force  was  not  the  weight  of  the  planet.  For 
ffi.me  years  he  thought  no  more  of  it ; but  one  day,  in 
the  Royal  S.iciety,  he  heard  an  account  read  of  niea- 
furenients  of  a degree  of  the  meridian,  which  Ihowed 
him  that  the  radius  of  the  earth  and  the  diftance  of  the 
moon  were  very  different  from  what  he  had  believed 
them  to  be.  When  he  went  home  he  repeated  his  com- 
putation, and  found,  that  the  defledion  of  a Pione  was 
to  the  fimultaneous  defledion  of  the  moon  as  the  fquare 
of  the  moon’s  diftance  from  the  centre  of  the  earth  to 
the  fquare  of  the  ftone’s  diftance.  Therefore  the  moon 
is  defleded  by  its  weight;  and  the  fall  of  a ftone  is  juft 


a particular  inftance  of  the  ex'ertion  of  the  univerfal  pla- 
netary force.  This  computation  was  but  roughly  m^ade 
at  firft  ; but  it  was  this  coincidence  that  excited  the 
philofopher  to  a more  attentive  review  of  the  whole  fub- 
jed.  When  eveiy  circumftance  W'hich  can  affed  the 
refult  is  taken  into  account,  the  coincidence  is  found  to 
be  moft  accurate.  The  fall  of  the  ftone  is  not  the  full 
effed  of  its  w^eight ; for  it  is  diminifiied  by  the  rotation 
of  the  earth  round  its  axis  : It  is  alfo  diminiftied  by  the 
weight  of  the  air  which  it  difplaces:  It  is  alfo  dimi- 
niftied by  its  tendency  to  the  moon.  On  the  other 
hand,  the  moon  does  not  revolve  round  the  earth,  but 
round  a common  centre  of  the  earth  and  moon,  and  its 
period  is  about  TT^th  ihorter  than  if  it  revolved  round 
the  earth ; and  the  moon’s  defledion  is  affeded  by  the 
fun’s  difturbing  force.  But  all  thefe  corredions  can  be 
accurately  made,  and  the  ratio  of  the  full  weight  of  the 
ftone  to  the  full  defledion  of  the  moon  afeertained.  ' 

This  has  been  done. 

Terreftrial  gravity  therefore,  or  that  power  by  which 
bodies  fall  or  prefs  on  their  fupports,  is  only  a particu- 
lar inftance  of  that  general  tendency  by  which  the  pla- 
nets are  retained  in  their  orbits.  Bodies  may  be  faid  to 
gravitate  when  they  give  indications  of  their  being  gra- 
vis or  heavy,  that  is,  when  they  fall  or  prefs  on  their 
fupports  ; therefore  the  planets  may  be  faid  to  gravi- 
tate when  they  give  fimilar  indications  of  the  fame  ten- 
dency by  their  curvelineal  motions.  The  general  fact, 
that  the  bodies  of  the  iblar  fyftem  are  mutually  defled- 
ed towards  each  other,  may  be  expreffed  by  the  verbal 
noun  GRAVITATION.  Gravitation  does  not  exprefs  a 
quality,  but  an  event,  a defledion,  or  a preffure. 

The  weight  of  a terreftrial  body,  or  its  preffure  on 
its  fupport,  is  tlie  effed  of  the  accumulated  gravitation 
of  all  its  particles ; for  bodies  of  every  kind  of  matter 
fall  equally  fall.  This  has  been  afeertained  with  the 
utmoft  accuracy  by  Sir  Ifaac  Newton,  by  comparing  the 
vibrations  of  pendulums  made  of  every  kind  of  matter.  47 
Therefore  their  united  gravitation  is  proportional  to  their  The  uni- 
quantity  of  matter  ; and  we  have  concluded,  that  every  xerfal  law 
atom  of  terreftrial  matter  is  heavy,  and  equal! v heavy,  gravita- 
We  extend  this  condufion  to  the  fun  and  planets,  and  ’ 
fay,  that  the  obferved  gravitation  of  a planet  is  the  uni- 
ted gravitation  of  every  particle.  Therefore  Sir  Ifaac 
Newton  inferred,  from  a coliedive  view  of  all  the  phe- 
nomena, that  all  matter  gravitates  to  all  matter  with  a 
force  in  the  inverfe  duplicate  ratio  of  the  diftance. 

But  we  do  not  think  that  this  inference  is  ablblutely 
certain.  We  acknowledge  that  the  experiments  on 
pendulums,  confifting  of  a vaft  variety  of  terreftrial  mat- 
ter, all  of  which  performed  their  oi'ciilations  in  equal 
times,  demonftrate  that  the  acceleration  of  gravity  on 
thofe  pendulums  was  proportional  to  their  quantities  of 
matter,  and  that  equal  gravitation  may  be  affii  med  of  all 
terreftrial  matter. 

The  elliptical  motion  of  a planet  is  full  proof  that 
the  accelerating  power  of  its  gravity  varies  in  the  in- 
verfe duplicate  ratio  of  the  diftance;  and  the  propor- 
tionality esf  the  I'quares  of  the  periods  to  the  cubes  of 
the  dillances,  fnows  that  the  whole  gravitations  or  Uie 
planets  vary  by  the  fame  hw.  But  this  third  obferva- 
tion  of  Kepler  might  have  been  the  fame,  althrugh  the 
gravitation  of  a particle  of  matter  in  Jupiter  had  been 
equal  to  that  of  a particle  of  terreftrial  matter,  provided 
that  all  the  matter  in  Jupiter 'did  not  gravitate.  If 
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-j-yth  of  Jupiter  had  been  fuch  gravitating  matter,  his 
defledion  from  the  tangent  of  his  orbit  would  have 
been  the  fame  as  at  prefent,  and  the  time  of  his  revolu- 
tion would  hav'e  been  what  we  obferve.  In  order  that 
the  third  law  of  Kepler  may  bold  true  of  the  planetary 
motions,  no  more  is  required  than  that  the  accumulated 
gravitation  of  the  planet  be  proportional  to  its  quantity 
of  matter,  and  thus  the  matter  which  does  not  gravi- 
tate  will  be  compenfated  by  the  fuperior  gravitation  of 
the  reft. 

But  becaufe  we  have  no  authority  for  faying  that 
there  is  matter  which  gravitates  differently  from  the 
reft,  or  which  does  not  gravitate,  we  are  entitled  to 
fuppcfe  that  gravity  operates  alike  on  all  matter. 

And  this  is  the  ultimatum  of  the  New'tonian  philo- 
fophy, that  the  folar  fyftem  confifts  of  bodies  compofed 
of  matter,  every  particle  of  which  is,  in  fad,  continually 
defleded  by  its  w'eight  towards  every  other  particle  in  the 
fyftem  ; and  that  this  defledion,  or  adual  deviation,  or 
adual  prelTure,  tending  to  deviation  from  uniform  rec’ 
tilineal  motion,  is  <in  the  inverfe  duplicate  ratio  of  the 
diftance. 

This  dodrine  has  been  called  the  fyftem  of  univerfal 
gravitation  ; and  it  has  been  blamed  as  introducing  an 
unphilofophical  principle  into  fcience.  Gravitation  is 
faid  to  be  an  occult  quality  ; and  therefore  as  unfit  for 
the  explanation  of  phenomena  as  any  of  the  occult  qua- 
lities of  Ariftotle.  But  this  reproach  is  unfounded  ; 
gravitation  does  not  exprefs  any  quality  whatever,  but 
a matter  of  fad,  an  event,  an  adual  defledion,  or  an 
adual  preffure,  producing  an  adual  defledion  of  the 
body  preffed,  ITefe  are  not  occult,  but  matters  of 
continual  obfervation.  True,  indeed,  Newton  does  not 
deny,  although  he  does  not  pofitively  fay,  that  this  de- 
fledion,  preffure,  or  gravitation,  is  an  effed  having  a 
caufe.  Gravity  is  faid  to  be  this  caufe.  Gravity  is  the 
toeing  gravis  or  heavy,  and  gravitation  is  the  giving  indi- 
cations of  being  heavy.  Heavinefs  therefore  is  the  word 
w'hich  exprelfes  gravitas,  and  our  notion  of  the  caufe  of 
the  planetary  deHedions  is  the  fame  with  our  notion  of 
heavinefs.  This  may  be  indiftind  and  unfatisfadory  to 
a mind  faftidioufly  curious  ; but  nothing  can  be  more 
familiar.  The  planet  is  defleded,  becaufe  it  is  heavy. 
We  are  fuppofed  to  explain  the  fall  of  a ftone  through 
water  very  fatisfadorily,  and  wutliout  having  rccourfe 
to  any  occult  quality,  when  w-e  fay  that  it  is. heavier 
than  the  w'ater ; and  Wc  explain  the  rife  of  a piece  of 
eork,  when  we  fay  that  it  is  not  fo  heavy  as  the  water. 
The  explanations  of  the  mutual  adions  of  the  planets 
ate  equally  fatisfadory,  founded  on  the  fame  principles, 
and  equally  free  from  all  fophiftry  or  employment  of 
occult  caufes.  The  w'eight  of  a body  is  not  its  heavi- 
nefs, but  the  effed  of  Its  heavinefs.  It  Is  a gravitation, 
an  adual  preffure,  indicated  by  its  balancing  the  fup- 
pofed heavinefs  of  another  body,  or  by  its  balancing 
the  known  elafticity  of  a fpring,  or  by  balancing  any 
other  natural  power.  It  Is  flmilar  to  the  preffure  which 
a magnet  exerts  on  a piece  of  iron.  This  may  perhaps 
be  produced  by  the  impulfe  of  a ftream^of  fluid;  fo 
may  the  weight  of  a heavy  body.  But  w'e  do  not  con- 
cern ourfelves  with  this  queftion.  We  gain  a moft  ex- 
tenflve  and  important  knowledge  by  our  knowledge  of 
this  univerfal  law ; for  w'e  can  now  explain  every  phe- 
nomenon, by  pointing  out  how  it  is  contained  in  this 
law ; and  we  can  predid  the  whole  events  of  the  folar 
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fyftem  with  unerring  exadnefs.  This  fliould  fatlsfy  the 
moft  Inquifitive  mind. 

But,  nitimur  in  vetitum,  feniptr  cupinmfque  negate. 
There  feems  to  be  a fatal  and  ruinous  difpolition  in  the 
human  mind,  a fort  of  priapifm  of  the  underftanding, 
that  is  irritated  by  every,  interdid  of  natural  imperfec- 
tion. We  would  take  a microfeope  to  look  at  light ; 
we  would  know  what  knowing  is,  and  we  would  weigh 
heavinefs. 

All  who  are  acquainted  with  the  writings  of  Ariftotle 
have  fome  notion  of  his  whimfical  opinions  on  this  fub- 
jed.  He  imagines  that  the  planets  are  conduded  in 
their  orbits  by  a fort  of  intelligences,  oo-Tj-sp  'icga.i,  which 
animate  the  orbs  that  wheel  them  round.  Although 
this  crude  conception  met  with  no  favour  in  later  tim.es, 
another,  not  more  reafonable,  was  maintained  by  Leib- 
nitz, who  called  every  particle  of  matter  a mofiad,  and 
gave  it  a perception  of  its  fituation  in  the  univerfe,  of 
its  diftance  and  diredion  from  every  other,  and  a power 
and  will  to  move  itfelf  in  conformity  to  this  fituation, 
by  certain  conftant  laws.  This  ho-mf  in  the  Mo- 
nad is  nothing  but  an  aukward  fubftitute  for  the  prin- 
ciple of  gravitation,  which  the  learned  inflfted  that  New- 
ton  placed  in  every  particle  of  matter  as  an  innate 
power,  and  which  they  reprobated  as  unphilofophical. 
But  in  what  refped  this  perception  and  adive  propen- 
fity  is  better,  we  do  not  perceive.  It  is  more  com- 
plex, and  involves  every  notion  that  is  reprehenfible  in 
the  other ; and  it  offers  no  better  explanation  of  the 
phenomena. 

But  Newton  is  equally  anxious  with  other  phllofo- 
phers  not  to  aferibe  gravity  to  matter  as  an  innate  in- 
herent property.  In  a letter  to  Dr  Bently,  he  earneft- 
ly  requefts  him  not  to  charge  him  with  fuch  an  abfurd 
opinion.  It  is  an  avowed  principle,  that  nothing  can  a& 
on  any  thing  that  is  at  a diftance;  and  this  is  confider- 
ed  as  an  intuitive  axiom.  But  it  is  furely  very  obfeure ; 
for  we  cannot  obtain,  or  at  leaft  convey,  clear  notions 
of  the  terms  in  which  it  is  expreffed.  The  word  aS  is 
entirely  figurative,  borrowed  from  animal  exertions ; it 
is  therefore  unlike  the  expreftion  of  any  thing  intirlcd 
to  the  appellation  of  intuitive.  If  we  try  to  exprefs  it 
without  figure,  we  find  our  confidence  in  its  certainty 
greatly  diminilhed.  Should  we  fay  that  the  condition 
of  a body  A cannot  depend  on  another  body  B that  is 
at  diftance  from  it,  we  believe  that  no  perfon  will  fay 
that  he  makes  this  affertion  from  perceiving  the  abfur- 
dity  of  the  contrary  propolition.  In  the  demonftration, 
as  it  is  called,  of  the  perfeverance  of  a body  in  a ftate  of 
reft,  the  only  argument  that  is  offered  is,  that  no  caufe 
can  be  affigned  why  it  ftiould  move  in  one  diredlion  ra- 
ther than  in  another  : but  Ihould  any  one  fay  that  ano- 
ther body  is  near  it,  to  the  right  hand,  and  that  this  is 
a fufficient  reafon  for  its  moving  that  way,  we  know 
no  method  by  which  this  affertion  can  be  ftiown  to  be 
falfe. 

Such,  however,  has  been  the  uniform  opinion  of  phl- 
lofophers.  Nihil  niovetur  (fays  Leibnitz)  nift  a contiguo 
et  juoto.  The  celebrated  mathematician  Euler  having 
difeovered,  as  he  thought,  the  produdtion  of  a preffure, 
like  gravity,  from  motion,  fays,  “ as  motion  may  arife 
from  preffing  powers,  fo  we  have  feen  that  preffing 
powers  may  arife  from  motion.  We  fee  that  both  exift 
in  the  univerfe.  It  is  the  bufinefs  of  a philofopher  to 
difeover,  by  reafon  and  obfervation,  which  iithe  origin 
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and  Is  of  the  fame  kind  with  the  produfHon  of  motion 
by  gravity. 

Therefore  no  explanation  of  gravitation  can  be  de- 
rived from  any  hypothefis  whatever  of  intervening  fluids. 
They  only  fubflitute  millions  of  bodies  for  one,  and  ftill 
leave  the  adtion  e dijianti  the  fame  difficulty  as  before. 
It  is  not  in  the  lealt  neceffary  that  we  fliall  be  able  to 
conceive  how  a particle  of  matter  can  be  influenced  by 
another  at  a diftance ; if  we  have  difcovered  in  every 
inftance  the  piecife  degree  and  diredtion  of  the  effeft 
of  this  influence,  we  have  made  a mofl  important  addi- 
tion to  our  knowledge  of  nature  ; and  our  fuccefs  in  the 
cafe  of  the  power  of  gravity  fliould  make  us  affiduous 
in  our  endeavours  to  di.ffiover,  from  the  phenomena,  the 
laws  which  regulate  the  other  adtions  e dijianti,  which 
obfervation  is  daily  finding  out.  A knov/lcdge  equally 
accurate  of  the  law'  of  magnetic  and  eledlric  adfion  may 
enable  us  to  give  theories  of  magnetifm  and  eledtiicity 
equally  exadb  with  the  Newtonian  theory  of  gravitation. 

Having,  we  hope,  evinced  the  truth  of  this  theory, 
by  following  out  the  invefligations  to  which  New’ton 
was  gradually  led,  we  might  proceed  to  confider,  in  or- 
der, the  complicated  and  lubordinate  phenomena  wdiich 
depend  on  It.  The  lunar  and  planetary  inequalities  are\ 
the  fubjedfs  that  naturally  come  firft  in  our  way ; but 
they  have  already  been  explained  in  all  the  detail  that 
this  concife  account  wfiil  admit,  as  they  occurred  to 
Newton  as  tefis  of  the  truth  of  his  conjedlure.  If  the 
law  be  fuch  as  he  fufpedfed,  its  confequences  muft  be  fo 
and  fo  ; if  the  celefiial  motions  do  not  agree  with  them, 
the  law  mufl,  be  rejedled.  We  (hall  not  repeat  any  thing 
therefore  on  this  head,  but  confine  our  obfervations  to 
fuch  applications  of  the  theory  of  univerfal  gravitation 
as  newly  difcovered  objedls,  or  the  improvement  of  af- 
tronomical  obfervation  and  cf  fluxionary  analyfis,  have 
enabled  us  to  make  fince  the  time  of  Newton. 

The  fubferviency  of  the  eclipfes  of  Jupiter’s  fatel- 
lites  to  geography  and  navigation  had  occafioned  their 
motions  to  be  very  carefully  obferved,  ever  fince  thefe 
ufes  of  them  were  firft  fuggefted  by  Galileo,  and  their 
theory  is  as  far  advanced  as  that  of  the  primary  planets. 
It  has  peculiar  difficulties.  Being  very  near  to  Jupiter, 
the  great  deviation  of  his  figure  from  perfedt  fphericity 
makes  the  relation  between  their  diftances  from  his 
centre  and  their  gravitations  toward  it  vaftly  complica- 
ted. But  this  ordy  excited  the  mathematicians  fo  much 
the  more  to  improve  their  analyfis;  and  they  faw,  in 
this  little  fyftem  of  Jupiter  and  his  attendants,  an  epi- 
tome of  the  folar  fyftem,  where  the  great  rapiaicy  of 
the  motions  muft  bring  about  in  a fiiort  time  every  va- 
riety of  configuration  or  relative  pofition,  and  thus  give 
us  an  example  of  ihofe  mutual  difturbances  of  the  pri- 
mary planets,  which  require  thoufands  of  years  for  the 
difeovery  of  their  periods  and  limits.  We  have  derived 
fome  very  remarkable  and  ufeful  pieces  of  information 
from  this  inveftigation  ; and  have  been  led  to  the  dif- 
eovery of  the  eternal  durability  of  the  folar  fyftem,  a 
thing  which  Newton  greatly  doubted  of. 

Mr  Pound  had  obferved  long  ago,  that  the  Irregula- 
rities of  the  three  interior  fatellites  were  repeated  in  a 
period  of  437  days ; and  this  obfervation  is  found  to  be 
juft  to  this  day. 

247  revolutions  of  the  firft  occupy  437  d.  3 h.  ^4' 
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This  naturally  led  mathematicians  to  examine  their  mo- 
tions, and  fee  in  what  manner  their  relative  pofitions  or 
configurations,  as  they  are  called,  correfponded  to  this 
period  : and  it  is  found,  that  the  mean  longitude  of  the 
firft  fatellite,  minus  thrice  the  mean  longitude  cf  the  fe- 
cond, plus  twice  the  mean  longitude  of  the  third,  al- 
w'ays  made  180  degrees.  This  requires  that  the  mean 
motion  of  the  firft,  added  to  twice  that  cf  the  third, 
fhall  be  equal  to  thrice  the  mean  motion  of  the  fecond. 
This  correfpondence  of  the  mean  motions  is  of  itfeif  a 
Angular  thing,  and  the  odds  againft  its  probability  feems 
infinitely  great ; and  W'hen  we  add  to  this  the  parti- 
cular pofitions  of  the  fatellites  in  any  one  moment, 
which  is  neceffary  for  the  above  conftant  relation  of 
their  longitudes,  the  improbability  of  the  coincidence, 
as  a thing  quite  fortuitous,  becomes  infinitely  greater. 
Doubts  were  firft  entertained  of  the  coincidence,  be- 
caufe  it  was  not  indeed  accurate  to  a fecond.  The  re- 
fult  of  the  inveftigation  is  curious.  When  we  follow 
out  the  confequences  cf  mutual  gravitation,  we  find, 
that  although  neither  the  primitive  motions  of  projec- 
tion, nor  the  points  of  the  orbit  from  which  the  fatel- 
lites were  projedted,  vitre precifely  fuch  as  fuited  thefe 
obferved  relations  of  their  revolutions  and  their  contem- 
poraneous longitudes ; yet,  if  they  differed  from  them 
only  by  very  minute  quantities,  the  mutual  gravitations 
of  the  fatellites  would  in  time  bring  them  into  tbofe 
pofitions,  and  thofe  ftates  of  mean  motion,  that  would 
induce  the  obferved  relations ; and  when  they  are  once 
induced  they  will  be  continued  for  ever.  There  will 
indeed  be  a fmall  equation,  depending  on  the  degree  of 
unfuitablenefs  of  the  firft  motions  and  pofitions ; and 
this  caiifes  the  whole  fyftem  to  ofcillate,  as  it  were  a 
little,  and  but  a very  little  way  on  each  fide  of  this  ex- 
adl  and  permanent  ftate.  The  permanency  of  thefe  re- 
lations will  not  be  deftroyed  by  any  fecular  equations 
arifing  from  external  caufes ; fuch  as  the  adtion  of  the 
fourth  fatellite,  or  of  the  fun,  or  of  a refifting  medium  ; 
becaufe  their  mutual  actions  will  diftribute  this  equa- 
tion as  it  did  the  original  error. 

This  curious  refult  came  into  view  only  by  degrees, 
as  analyfis  improved  and  the  mathematicians  were  ena- 
bled to  manage  more  complicated  formulas,  including 
more  terms  of  the  infinite  feriefes  that  were  employed 
to  exprefs  the  different  quantities.  It  is  to  M.  de  la 
Grange  that  we  are  indebted  for  the  completion  cf  the 
difeovery  of  the  permanency  of  the  fyftem  in  a ftate 
very  little  different  from  what  obtains  in  any  period  of 
its  exiftence.  Although  this  required  all  the  knowledge 
and  addrefs  of  this  great  mathematician,  in  the  manage- 
ment cf  the  moft  complicated  analyfis,  the  evidence  cf 
its  truth  may  be  perceived  by  any  perfon  acquainted 
with  the  mere  elements  of  fluxionary  geometry.  The 
law  of  the  compofition  of  forces  enables  us  to  exprefs 
every  adlion  of  the  mutual  forces  cf  the  fun  and  planets 
by  the  fines  and  cofines  of  circular  arches,  which  in- 
creafe  with  an  uniform  motion,  like  the  perpetual  lapfe 
of  time.  The  nature  of  the  circle  fhows,  that  the  va- 
riations of  the  fines  and  cofines  are  proportional  to  the 
cofines  and  fines  of  the  fame  arches.  The  variations  of 
their  fquares,  cubes,  or  other  powers,  are  proportional 
to  the  fines  or  cofines  of  the  doubles  or  triples,  or  other 
multiplies  of  the  fame  arches.  Therefore  fince  the  in- 
finite feriefes  which  exprefs  thofe  a<ftions  of  forces,  and 
their  variations,  include  only  fines  and  cofines,  with 
tlieir  powers  and  fluxions,  it  follov/s,  that  all  accumu- 
lated 
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luted  forces,  and  variations  of  forces,  and  vaiiationsof 
variations,  through  infinite  orders,  are  frill  expreffible  by- 
repeated  fums  of  fines  or  cofines,  correfponding  to  arch- 
es which  are  generated  by  going  round  and  round  the 
circle.  The  ana’ylt  knows  that  thefe  quantities  become 
ahernately  pofitive  and  negative;  and  therefore,  in 
whatever  way  they  are  compounded  by  addition  of 
themfelves,  or  their  multiplies,  or  both,  we  muft  always 
arrive  at  a period  after  which  they  will  be  repeated  with 
all  their  intermediate  variations.  It  may  be  extremely 
difficult,  it  may  be  impolfibie,  in  our  prefent  ftate  of  ma- 
thematical knowledge,  to  afeertain  all  thofe  periods.  It 
has  required  all  the  efforts  of  all  the  geniufes  of  Europe 
to  manage  the  formulas  which  include  terms  containing 
the  fourth  and  fifth  powers  of  the  eccentricities  of  the 
planetary  orbits.  Therefore  the  periods  v>hich  we  have 
already  determined,  and  the  limits  to  which  the  inequa- 
lities exprdfed  by  fecular  equations  arrive,  are  ftill  fub- 
jeded  to  fmaller  corredions  of  incomparably  longer 
periods,  which  arife  from  the  terms  negleded  in  our 
formulas.  But  the  corredion  arifing  from  any  negled- 
ed term  has  a period  and  a limit ; and  thus  it  will  hap- 
pen that  the  fylteni  works  itfelf  into  a ftate  of  perma- 
nency, containing  many  intervening  apparent  anomalies. 
The  elhptical  motion  of  the  earth  contains  an  anomaly 
or  deviation  fiom  uniform  circular  motion  ; the  adion 
of  Jupiter  produces  a deviation  from  this  elliptical  mo- 
tion, which  has  a period  depending  on  the  configuration 
of  the  three  bodies  ; Saturn  introduces  a deviation  from 
this  motion,  which  has  allb  a period  ; and  fo  on. 

There  is  another  accurate  adjuftmert  of  motions 
wliich  has  attraded  attention,  as  a thing;  in  the  hieheft 
degree  improbable.  In  events  wholly  independent  on  each 
other.  This  is  the  exad  coincidence  of  the  period  of 
the  moon’s  revolution  round  the  earth  with  that  of  her 
rotation  round  her  own  axis.  The  ellipticity  or  oval 
lhape  of  the  moon  differs  fo  infen fibly  from  a fphere, 
that  if  the  original  rotation  had  differed  confiderably 
from  the  period  of  revolution,  the  pendular  tendency  to 
the  earth  could  never  have  operated  a change  ; but  if 
the  difference  between  thofe  two  motions  was  fo  fmall, 
that  the  pendular  tendency  to  the  line  joining  the  cen- 
tres of  the  earth  and  moon  was  able  to  overcome  it  after 
fome  time,  the  pole  of  the  lunar  fpheroid  would  de- 
viate a little  from  the  line  joining  the  earth  and  moon, 
and  then  be  brought  back  to  it  with  an  accelerated 
motion ; would  pafs  It  as  far  on  the  other  fide,  and 
then  return  again,  vibrating  perpetually  to  each  fide  of 
the  mean  pofuicn  of  the  radius  veBcr.  The  extent  of 
this  vibration  would  depend  on  the  original  difference 
between  the  motion  of  rotation  and  the  mean  motion  of 
revolution.  This  diiTerence  mult  have  been  very  fmall, 
becaufe  this  ’vibration  is  not  fenfible  from  the 

earth.  The  cbferved  libration  of  the  moon  is  pre- 
ciftly  what  arifes  from  the  inequality  of  her  orbital  mo- 
tion. For  the  fame  reafons,  the  effedfs  of  the  fecular 
equations  of  the  moon  (which  would,  in  the  courfe  of 
ages,  have  brought  her  whole  furface  into  our  view,  had 
her  rotation  been  ftridUy  uniform)  are  counteraffed  by 
her  pendular  tendency,  .which  has  a force  fufficient  to 
alter  her  rotation  by  nearly  the  fame  flow  and  infenfible 
changes  thtjt  obtain  in  her  mean  motions.  The  fame 
caufes  alfo  preferve  the  nodes  of  her  equator  and  of  her 
orbit  in  the  fame  points  of  the  ecliptic.  The  complete 
demonftration  of  this  is  perhaps  the  moft  delicate  and 
elegant  fpecinien  that  has  been  given  of  the  modern  au- 
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alyfis.  We  ow-e  it  to  M.  de  la  Grange  : and  lie  makes 
it  appear  that  the  figure  of  the  moon  is  net  that  which 
a fluid  fphere  would  acquire  by  its  gravitation  to  the 
earth  ; it  muft  be  the  effedl  of  a more  confiderable  el- 
lipticity, or  internal  inequality  of  denfity. 

This  permanency  of  thefyftem,  within  very  narrow  Depends  on 
limits  of  deviation  from  its  prefent  ftate,  depends  entire-  die  law  of 
ly  on  the  law  of  planetary  defiecllon.  Had  it  been  di- 
redtly  or  inverfely  as  the  diftance,  the  deviations  would 
have  been  fuch  as  to  have  quickly  rendered  it  wholly 
unfit  for  its  prefent  purpofes.  They  wmuld  have  been 
very  great,  had  the  planetary  orbits  differed  much  from 
circles  ; nay,  had  fome  of  them  moved  in  the  oppofite 
di.recfion.  The  felection  cf  this  law,  and  this  form  of 
the  orbits,  ftrikes  the  mind  of  a Newton,  and  indeed 
any  heart  poffeffed  of  fenfibiiity  to  moral  or  intelleffual 
excellence,  as  a mark  of  wifdom  prompted  by  benevo- 
lence. But  De  la  Place  and  others,  infeffed  W’ilh  the 
Theophohia  Gallica  engendered  by  our  licentious  de- 
fires, are  eager  to  point  it  out  as  a mark  of  fatalifm. 

They  fay,  that  it  is  efl’ential  to  all  qualities  that  are  dif- 
fufed  from  a centre  to  dimfinifti  in  the  inverfe  duplicate 
ratio  of  the  diftance.  But  this  Is  falfe,  and  nsery  fafe  : 
it  is  a mere  geometrical  conception.  We  indeed  fay, 
that  the  denfity  of  illumination  decreafes  in  this  propor- 
tion ; but  who  fays  that  this  Is  a quality  ? Whether  it 
be  conftdered  as  the  emiftion  of  luminous  corpufcies,  or 
an  undulation  of  an  elaftic  fluid,  it  is  not  a quality  ema- 
nating from  a centre:  and  even  in  this  eftirnaticn,  it 
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feems  gratuitous,  whether  we  (hall  conlidcr  the  bafe  cf 
the  luminous  pyramid,  or  its  whole  contents,  as  the  ex"- 
preftion  of  the  quantity.  Nay,  if  all  qualities  muft  di- 
miniih  at  this  r?.te,  all  affion  e dijianti  muft  do  the  fame  ; 
for  when  the  diftances  bear  any  great  proportion  to  the 
diameters  of  the  particles,  their  affion  deviates  infenfibly 
from  this  law,  and  is  perceived  only  by  the  accumula- 
tion of  its  effeffs  after  a long  time.  It  is  onlv  thus  that 
the  effedfs  of  the  oblate  figure  of  Jupiter  are  perceived 
in  the  motion  of  his  fatellites.  The  boafted  found  phi- 
lofophy  which  fees  fatal  neceffity  where  the  mnji  fuccefs- 
fal Jludents  of  nature  favv  moral  excellence,  has  derived 
very  little  credit  or  title  to  the  name  of  ’vjtfdomy  by  let- 
ting loofe  all  thofe  propenfities  of  the  human  heart 
which  are  effentially  deftrudfive  of  focial  happmefs.  6^ 
Thefe  propenfities  were  always  known  to  lurk  in  the  And  evin- 
heart  of  man  ; and  thofe  furely  were  the  wileft  who  la-  c->sthewif- 
boured  to  keep  them  in  check  by  the  influence  of  moral 
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principles,  and  particularly  by  cherilliing  that  difpofition 
of  the  human  heart  which  prompts  us  to  fee  contrivance 
wherever  we  fee  nice  and  refined  adjuftrnent  of  means 
to  ends  ; and,  from  the  admiirable  beauty  of  the  folar 
fyftem,  to  cry  out, 

“ Thefe  are  thy  glorious  works,  Parent  of  good  ! 

“ Almighty,  thine  this  univerfal  frame, 

“ Thus  wond’rous  fair  ; thyfdfhow  wond’rous  then  ! 

“ Unfpeakable,  who  fitt’ft  above  thefe  heavens, 

“ To  us  invifible,  or  dimly  feen 
“ In  thefe  thy  lovveft  works  ; yet  thefe  declare 
“ Thy  goodnefs  beyond  thought,  and  power  divine.” 

Par.  Lojlj  b.  V. 

“ But  wandering  oft,  with  brute  uncoufeious  gaze, 

Man  marks  not  Thee,  marks  not  the  mighty  hand 
“ That,  ever  bufy,  wheels  the  ulent  fpheres.” 

Thompson. 

The 


6a  A S T R 

The  mod  important  addition  (in  aphilofophical  view) 
that  has  been  made  to  agronomical  fcience  fince  the 
difcovery  of  the  aberration  of  light  and  the  nutation  of 
tlie  earlli’s  axis,  is  that  of  the  rotation  of  Saturn’s  ring, 
Saturn’s  itfcif  is  an  objefl  quite  fingular  ; and  when  it 

ring.  was  difcovered  that  all  the  bodies  which  had  any  imme- 
diate connection  with  a planet  were  heavy,  or  gravita- 
ted toward  that  planet,  it  became  an  interefting  quef- 
tion,  what  was  the  nature  of  this  ring  i what  fupport- 
ed  tins  immenfe  arch  ot  heavy  matter  without  its  red- 
ing on  the  planet?  what  maintains  it  in  perpetual  con- 
centricity with  the  body  of  Saturn,  and  maintains  its 
furface  in  one  invariable  poficion  ? 

The  theory  of  univerfal  gravitation  tells  us  what 
things  are  pcffible  in  the  folar  f)  dem  ; and  our  conjec- 
tures about  the  nature  of  this  ring  mud  always  be  re- 
gulated by  the  circumdance  of  its  gravitation  to  the 
planet.  Philofophers  had  at  fird  fuppofed  it  to  be  a 
luminous  almofphere,  thrown  out  into  that  form  by  the 
great  centrifugal  force  aridng  from  a rotation  : but  its 
well  defined  edge,  and,  in  particular,  its  being  two  very 
narrow  rings,  extremely  near  each  other,  yet  perfectly 
feparate,  rendered  this  opinion  of  its  conditution  more 
66  improbable. 

Difcovery  Di  Herfchel’s  di.d:overy  of  brighter  fpots  on  its  fur- 
of  Dr  Her-  face,  and  that  thofe  fpots  were  permanent  during  the 
fchelrelat-  of  his  obfervation,  feems  to  make  it  more 

ing  to  It.  probable  that  the  parts  of  the  ring  have  a folid  coinnec- 
tion.  Mr  Herfchel  has  difcovered,  by  the  help  of 
thofe  fpots,  that  the  ring  turns  round  its  axis,  and  that 
this  axis  is  alfo  the  axis  of  Saturn’s  rotation.  The  time 
of  rotation  is  loh.  '^2^.  But  the  other  circumftances 
are  not  narrated  with  the  precifion  fufficient  for  an  ac- 
curate comparlfon  with  the  theory  of  gravity.  He  in- 
forms us,  that  the  radii  of  the  four  edges  of  the  ring  are 
590,  751,  774,  830,  of  a certain  fcale,  and  that  the 
angle  fubtended  by  the  ring  at  the  mean  didance  from 
the  earth  is  Therefore  its  elongation  is 

The  elongation  of  the  fecond  Cadinian  fateUite  is  56", 
and  its  revolution  is  2d.  I7h.  44'.  This  fhould  give, 
by  the  third  law  of  Kepler,  lyh.  10'  for  the  revolution 
of  the  outer  edge  of  the  ring,  or  rather  of  an  atom  of 
that  edge,  in  order  that  it  may  maintain  itfelf  in  equill- 
brio.  The  fame  calculation  applied  to  the  outer  edge 
of  the  inner  ring  gives  about  13b.  36'  ; and  we  obtain 
I ih.  16'  for  the  inner  edge  of  this  ring.  Such  varie- 
ties are  inconfident  with  the  permanent  appearance  of  a 
fpot.  We  may  fuppofe  the  ring  to  be  a luminous  fluid 
or  vapour,  each  particle  of  which  maintains  is  fituation 
by  the  law  of  planetary  revolution.  In  fuch  a date,  it 
would  confld  of  concentric  drata,  revolving  more  flowly 
as  they  were  more  remote  from  the  planet,  like  the  con- 
centric drata  of  a vortex,  and  therefore  having  a relative 
motion  incompatible  with  the  permanency  of  any  fpot. 
Befides,  the  rotation  obferved  by  Herfchel  is  too  rapid 
even  for  the  innermod  part  of  the  ring.  We  think 
therefore  that  it  conOds  of  cohering  matter,  and  of  con- 
fiderable  tenacity,  at  lead  equal  to  that  of  a very  clam- 
my fluid,  fuch  as  melted  glafs. 

We  can  tell  the  figure  which  a fluid  ring  mud  have, 
fo  that  it  may  maintain  its  form  by  the  mutual  gravita- 
tion of  its  particles  to  each  other,  and  their  gravitation 
to  the  planet.  Suppofe  it  cut  by  a meridian.  It  may 
be  in  equilibrio  if  the  feflion  is  an  ellipfe,  of  which  the 
longer  axis  is  diredted  to  the  centre  of  the  planet,  and 
very  fmall  in  comparifon  with  its  didance  from  the 
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centre  of  the  planet,  and  having  the  revolution  of  its 
middle  round  Saturn,  fuch  as  agrees  with  the  Kepkrean 
law.  Thefe  circumdances  are  not  very  confident  with 
the  dimenfions  of  Saturn’s  inner  ring.  The  didance 
between  the  middle  of  its  breadth  and  the  centre  of  Sa- 
turn is  670,  and  its  breadth  is  161',  nearly  one-fourth 
of  the  didance  from  the  centre  of  Saturn.  De  la  Place 
fays,  that  the  revolution  of  the  inner  ring  obferved  by 
Herfchel  is  very  nearly  that  required  by  Kepler’s  law: 
but  we  cannot  fee  the  grounds  of  this  affertion.  The 
above  comparifons  with  the  fecond  Cadinian  fatellitc 
fliows  the  contrary.  The  elongation  of  that  fatellite  is 
taken  from  Bradley’s  obfervations,  as  is  alfo  its  periodic 
time.  A ring  of  detached  particles  revolving  in  loh.  32^^' 
mud  be  of  much  fmaller  diameter  than  even  the  inner 
edge  of  Saturn’s  ring.  Indeed,  the  quantity  of  matter  in 
it  might  be  fuch  as  to  increafe  the  gravitation  conflder- 
ably  ; but  this  would  be  feen  by  its  didurbing  the 
feventh  and  fixlh  fatellites,  which  are  exceedingly  near  67 
it.  “We  cannot  help  thinking  therefore  that  it  confids  its  proba- 
of  matter  which  has  very  confiderable  tenacity.  An  ble  confift- 
equatorial  zone  of  matter,  tenacious  like  melted  glafs, 
and  whirled  brifldy  round,  might  be  thrown  off,  and, 
retaining  its  great  velocity,  would  dretch  out  while 
whirling,  enlarging  In  diameter  and  diminilhing  in  thick- 
nefs  or  breadth,  or  both,  till  the  centrifugal  force  was 
balanced  by  the  united  force  of  gravity  and  tenacity. 

We  find  that  the  equilibrium  will  not  be  fenfibly  di- 
fturbed  by  confiderable  deviations,  fuch  as  unequal 
breadth,  or  ev-en  want  of  flatnefs.  Such  Inequalities  ap- 
pear on  this  ling  at  the  time  of  its  difparition,  when  its 
edge  is  turned  to  the  fun  or  to  us.  The  appearances 
of  its  dififerent  Tides  are  then  conflderably  different. 

Such  a ring  or  rings  mud  have  an  ofcillatory  motion 
round  the  centre  of  Saturn,  in  confequence  of  their  mu- 
tual adtion,  and  the  adtion  of  the  fun,  and  their  own  ir- 
regularities : but  there  will  be  a certain  pofition  which 
they  have  a tendency  to  maintain,  and  to  which  they 
will  be  brought  back,  after  deviating  from  it,  by  the 
ellipticlty  of  Saturn,  which  is  very  great.  The  fun 
will  occafion  a nutation  of  Saturn’s  axis  and  a precef- 
fion  of  his  equinoxes,  and  this  will  drag  along  wfith  it 
both  the  rings  and  the  neighbouring  fatellites. 

The  atmofphere  which  furreunds  a whirling  planet 
cannot  have  all  its  parts  circulating  according  to  die 
third  law  of  Kepler.  The  mutual  attrition  of  the  pla- 
net, and  of  the  different  drata,  ariflng  from  their  diffe- 
rent velocities,  mud  acaelerace  the  flowly  moving  drata, 
and  retard  the  rapid,  till  all  acquire  a velocity  propor- 
tional to  their  didance  from  the  axis  of  rotation  ; and 
this  will  be  fuch  that  the  momentum  of  rotation  of  the 
planet  and  its  atmofphere  remains  always  the  fame.  It 
will  fvs-ell  out  at  the  equator,  and  fink  at  the  poles,  till 
the  centrifugal  force  at  the  equator  balances  the  weight 
of  a fuperficial  particle.  Tiie  greated  ratio  which  the 
equatorial  diameter  can  acquire  to  the  polar  axis  is  that 
of  four  to  three,  unlefs  a cohefive  force  keeps  the  par- 
ticles united,  fo  that  it  conftitutes  a liquid,  and  not  an 
eladic  fluid  like  air  ; and  an  eladic  fluid  cannot  form  an 
atmofphere  bounded  in  its  dimenfions,  unlefs  there  be  a 
certain  rarity  which  takes  away  all  eladicity.  If  the 
equator  fwells  beyond  the  dimenfion  which  makes  the 
gravitation  balance  the  centrifugal  force,  it  mud  imme- 
diately diffipate. 

If  we  fuppofe  that  the  atmofphere  has  extended  to 
this  limit,  and  then  condenfes  by  cold,  or  any  chemical 

or 
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or  other  caufe  uifFerent  from  gravity,  its  rotation  ne- 
ceffarily  angments,  preferring  its  former  momentum,  ami 
the  limit  will  approach  the  axis  ; becaufe  a greater  velo- 
gg  city  produces  a greater  centrifugal  force,  and  requires  a 
Andorigin.  greater  gravitation  to  balance  it.  Such  an  atmofphere 
may  therefore  defert,  in  fucceffion,  zones  of  its  own  mat- 
ter in  the  plane  of  its  equator,  and  leave  them  revolv- 
ing in  the  form  of  rings.  It  is  not  unlikely  that  the 
rings  of  Saturn  may  have  been  furniflied  in  this  very 
way  ; and  the  zone?,  having  acquired  a common  velo- 
city in  their  different  ftrata,  will  preferve  it ; and  they 
are  fufceptible  of  irregularities  arifing  from  local  caufes 
at  the  time  of  their  feparation,  which  may  afford  per- 
69  manent  fpcts. 

It  may  fur-  We  think  that  the  rotation  of  Saturn’s  ring  affords 
nifli  the  forr.e  hopes  of  deciding  a very  important  queftion  about 
SfcTvering^^^  nature  of  _light._  If  light  be  the  propagation  of 
the  nature^  claftic  undulations,  its  velocity  depends  entirely  on  the 
of  light.  elafticity  and  denfity  of  the  fluid  ; but  if  it  be  the  emif- 
fion  of  corpufcles,  their  velocity  may  be  afftfted  by 
other  caufes.  The  velocity  of  Saturn’s  ring  is  of 
that  of  the  earth  in  its  orbit,  and  therefore  about  To--g-o^ 
of  the  velocity  of  light.  The  weftern  extremity  (to  us 
in  the  northern ^ regions)  is  moving  from  us,  and  the 
eaftern  is  moving  toward  us.  If  light,  by  which  we  fee 
it,  be  reflefled  like  an  elaftic  ball  from  an  elaftic  body, 
there  will  be  an  excefs  in  the  velocity  of  the  light  by 
which  we  fee  the  eaLtern  limb  above  the  velocity  of  the 
light  by  which  we  fee  the  weftern  limb.  This  excefs 
will  be  ^’00  of  the  mean  velocity  of  light.  This  fliould 
be  difcovered  by  a difference  in  the  refradlion  of  the 
two  lights.  If  an  acromatic  prifm  could  be  made  to 
refraft  fourteen  degrees,  and  if  Saturn  be  viewed  thro’ 
a telefcope  with  this  prifm  placed  before  it,  there  fliould 
be  a change  of  ftiape  amounting  to  fixteen  feconds  ; if 
the  axis  of  the  prifm  be  parallel  to  the  longer  axis  of 
the  ring,  it  will  diftort  it  prodigioufly,  and  give  it  an 
oblique  pofition. 

A fimilar  efFe<ft  will  be  produced  by  placing  the 
prifm  between  the  eye-glafs  and  the  image  in  the  focus 
of  the  objedl-glafs. 

Our  expeflation  is  founded  on  this  unqueftionable 
principle  in  dynamics,  that  when  a particle  of  light 
paffes  through  the  aflive  ftratum  of  a tranfparcnt  body 
which  refracts  light  toward  the  perpendieular,  the  addi- 
tion made  to  the  fquare  of  its  velocity  by  the  refra<ft- 
ing  forces  is  equal  to  the  fquare  of  the  velocity  which 
thofe  forces  would  communicate  to  a particle  at  reft  on 
thefurface  of  this  refradting  ftratum  of  the  tranfparcnt 
body.  Therefore  if  the  velocity  of  the  Incident  light 
be  increafed,  the  ratio  of  the  fine  of  incidence  to  the 
fine  of  refradtion  will  he  diminifhed.  It  is  confonant  to 
common  fenfe,  that  when  the  incident  light  has  a great- 
er velocity,  it  paifes  more  rapidly  through  the  attradling 
ftratum,  and  a fmaller  addition  is  made  to  the  velocity. 
When  the  velocity  of  the  incident  light  is  10000  times 
greater  than  that  of  the  earth’s  annual  motion,  the  fine 
of  incidence  is  to  the  fign  of  refradtion  in  glafs  as  20  to 
31,  or  as  loooo  to  15500.  If  this  be  increafed  -jrrVoj 
making  it  10004,  the  ratio  will  be  that  of  10004  to 
15502,62,  or  of  10000  to  15496,4.  The  difference 
between  the  refradlions  of  the  light  from  the  eaftern 
and  weftern  extremities  of  the  ring  will  be,  to  all  fenfe, 
the  fame,  if  the  velocity  of  the  one  be  diminifhed  to 
9998,  and  the  other  increafed  to  10002. 

We  may  juft  add  here,  by  the  way,  that  the  adtion 
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of  another  body  may  confiderably  change  the  conftitu-  -70 
tion  of  this  atmofphere.  Thus,  fuppodng  that  the  Protable 
moon  had  originally  an  atmofphere,  the  hmit  will  be-  reafonwhy 
that  diftar.ce  from  the  moon  where  the  centrifugal  force,  7tmofphere 
arifing  from  the  moon’s  rotation,  added  to  the  gravita-  about  the 
tion  to  the  earth,  balances  the  gravitation  to  the  moon.  moon. 

If  the  moon  he  of  the  earth,  this  limit  will  be 
about  -^th  of  the  moon’s  diftance  from  the  earth.  If 
at  this  diftance  the  elafticity  of  the  atmofphere  is 
not  annihilated  by  its  rarefadlion,  it  will  be  all  ta- 
ken off  by  the  earth,  and  accurnulate  round  it.  This 
may  be  the  reafon  why  we  fee  no  atmofphere  about 
the  moon. 

What  has  been  faid  in  the  article  Tide  (Encycl.), 
will  explain  the  trade-winds  on  the  earth  and  in  Jupi- 
ter and  Saturn.  On  the  earth  they  are  increafed  by 
the  expanfion  of  the  air  by  heat.  This  caufes  it  to  rife 
in  the  parts  warmed  by  the  fun,  and  flow  off  tow.ard  the 
poles,  where  it  is  again  cooled  and  condenfed.  The 
under  ftratum  of  colder  and  deafer  air  is  continually 
flowing  in  from  the  poles.  This  having  lefs  velocity  of 
circulation  than  the  equatorial  parts  of  the  earth,  mull 
have  a relative  motion  contrary  to  that  of  the  earth,  or 
from  eaft  to  weft,  and  this  muft  augment  the  current 
produced  by  gravitation. 

Thus  we  fee  that  all  the  mechanical  phenomena  of 
the  folar  fyftem,  whether  relating  to  the  revolutions 
round  the  various  centres  of  gravitation,  or  to  the  figure 
of  the  planets  and  the  ofcillations  of  the  fluids  which 
cover  them,  or  to  the  rotations  round  their  refpedlive 
axes — are  necelfary  confequences  of  one  ample  principle 
of  a gravitation  in  every  particle,  decreafing  in  the  re-  -j 
ciprocal  duplicate  ratio  of  the  diftance.  We  fee  that  All  the  me- 
this,  combined  with  a primitive  projeiftion,  will  produce  chanical 
every  motion  that  we  obferve.  It  was  not  neceffiry,  as  pl>enomena 
Copernicus  imagined,  to  imprefs  three  motions  on  the 
earth  ; one,  by  which  it  was  made  to  revolve  round  the  fronTonr^ 
fun  ; a fecond,  caufmg  it  to  turn  round  an  axis  inclined  fimple 
to  that  of  its  orbit ; and  a third,  by  which  this  axis  de-  principle, 
feribed  that  conic  lurface  whxh  forms  the  preceflion  of 
the  equinoxes.  One  Impulfe,  not  pafling  through  the 
centre  of  the  earth,  nor  in  the  plane  of  the  ecliptic,  will 
produce  the  two  flrft  motions,  and  the  protuberant  mat- 
ter produced  by  the  rotation  will  generate  the  third 
motion,  by  the  tendency  of  its  parts  to  the  other  he.i- 
venly  bodies.  Without  this  principle,  the  elliptic  mo- 
tion of  the  planets  and  comets,  their  various  inequali- 
ties, fecular  or  periodical,  thofe  of  the  moon  and  of  the 
fatellites  of  Jupiter,  the  prcceffion  of  the  equinoxes,  the 
nutation  of  the  earth’s  axis,  the  figure  of  the  earth,  the 
undulations  of  its  ocean — all  would  have  been  imperfed- 
ly  known,  as  matters  of  fad,  wholly  different  from  each 
other,  and  folit?iry  and  unconneded.  It  is  truly  de- 
fervlng  admiration,  that  fuch  an  immenfe  variety  of  im- 
portant  phenomena  flow  fo  palpably  from  one  principle, 
of  fuch  fimplicity,  and  fuch  univerfallty,  that  no  pheno- 
menon is  now  left  out  unexplained,  and  predided  with 
a certainty  almoft  equal  to  adual  obfervation. 

toiles  anhnos  ’veterum  torfere fophorum, 

^4ieque  fcholas  hodle  rauco  cerlamins  vexaut 
Obvia  confpicimus,  nuhem  pellente  Mathejiy 
Surgite  mortales,  terrenas  miltete  cur  as, 

Atque  h'lnc  codigerue  %Hres  dignofc'ite  mentis, 

A pecudum  v'ltd  longe  lateque  rcrnolce. 
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1 A New  Catalogue  of  the  principal  Fixed  Stars  to  the  beginning  of  | 
1 the  Year  Eighteen  Hundred;  | 

Formed  from  Obfervations  made  in  the  Obfervatory  at  Gotha.  | 

i 

N^of 
: Star. 

Name  and  Charadler  of 
Star. 

Mag- 

ni- 

tude. 

1 

Medium 
Right  Afcenfion 
in  Time. 

Annual  j 
Variation 
in  R.  A.  1 
and  in 
Time. 

Medium 

Declination. 

Medium 
Right  Afcenfion 
in  Equat.  Part. 

Annual  i 
Variation  j 
in  R.  A.  i 

' " -ris 

I 

//  I 0 "S’  0 

Nor. 
° ‘ Sou. 

I 
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2 
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2 
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3 
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3 
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4 
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4 
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4 
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9 
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lO 
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3 

0 44  44^75 

3.  505 

59  38  N 

II  II  11,29 

52,58 

1 1 
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12 

43  yS  Andromeda 

2 
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14  38  33.38 

49,46  ; 

13 
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4 
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3.  531 
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H 
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^7 
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62  41  N 

25  2 30,13 

62,  33 

2 1 
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... 
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Stars  to  the  beginning  of  the 
Hundred. 

N°of 

Star. 

Name  and  Charadler  of 
Star. 

Mag- 

ni- 

tude. 

Medium 
Right  Afcenfion 
in  Time. 

Annual 
Variation 
in  R.  A. 
and  in 
Time. 

Medium 

Declination. 

Medium 
Right  Afcenfion 
in  Equat.  Part. 

Annual 
Variation 
in  R.  A. 

U / 4 > I 

It  I 

Nor. 

I 

I 

^ I'o'o 

I 0 U’O 

! Sou. 

0 / II  1 00 

II  XT'S- 

+ 

+ 

31 

68  0 Cetus  (Varia.) 

0 2 

2 9 14,70 

3, 019 

3 54  s 

32  18  40,50 

45,  29 

32 

4^  7T  Aries 

6 

2 38  9,29 

3, 321. 

16  38  N 

39  32  19,32 

49,  81 

33 

43  a-  Aries 

6 

2 40  28,09 

3,  285 

14  15  N 

40  7 1,39 

49,  28 

34 

82  J'  Cetus 

3 

2 29  14,17 

3,  060 

0 33  s 

37  18  32,54 

45,  90 

35 

83  i Cetus 

3 

2 29  53,42 

2,  884 

12  44  s 

37  28  21,37 

43>  27 

36 

86  y Cetus 

3 

2 32  57,18 

3,  102 

2 23  N 

38  14  17,76 

46,  53 

37 

89  7T  Cetus 

3 

2 34  36402 

2,  849 

14  43  s 

38  39  0,29 

42,  74 

38 

39  Y'  Lilius  North. 

4 

2 35  57»7o 

3,  521 

28  25  N 

38  59  35,49 

52,  81 

39 

41  Y'  Lilius  South. 

4 

2 38  14,43 

3,  489 

26  26  N 

39  33  36,49 

52,  34 

40 

46  p*  Aries 

6 

2 44  35.65 

3,  344 

17  31  N 

41  8 54,72 

50,  16 

41 

46  Aries 

5 6 

2 45  9.35 

3»  340 

17  13  N 

41  17  20,19 

50,  10 

42 

3 » Eridanus 

3 

2 46  39,72 

2,  917 

9 42  s 

41  39  55,78 

43,  75 

43 

48  4 Aries 

5 

2 47  48,01 

3,  401 

20  32  N 

41  57  1,80 

51,  01 

44 

23  y Perfeus 

3 

2 50  24,42 

4,  250 

52  43  N 

42  36  6,25 

63,  75 

45 

92  « CETUS  (Me.) 

2 

2 51  50,07 

3»  119 

3 18  N 

42  57  31,06 

46,  66 

46 

fequ.  a Cetus 

2 51  54,61 

42  58  39,15 

• • • 

47 

26  Perfeus 

2 3 

2 55  12,07 

3,  846 

40  I I N 

43  48  1,04 

57,  69 

48 

57  Aries 

4 

3 0 12,71 

3,  393 

18  58  N 

45  3 10,59 

50,  89 

49 

58  ^ Aries 

5 

3 3 25,98 

3,  422 

20  18  N 

45  51  29,77 

51,  33 

50 

13  Eridanus 

‘3 

3 6 7,48 

2,  904 

9 34  9 

46  31  52,20 

43,  56 

51 

61  Aries 

7 

3 9 42,36 

3,  433 

20  25  N 

47  25  35,39 

51,49 

52 

33  *£  Perfeus 

2 

3 10  6,85 

4»  203 

49  8 N 

47  31  42,77 

63,  05 

53 

63  Aries 

6 

3 II  16,37 

3»  428 

20  IN 

47  49  5,48 

51,  42 

54 

65  Aries 

7 

3 12  55,52 

3,  430 

20  5 N 

48  13  52,74 

51,  45 

55 

5 f Taurus 

5 

3 19  54>65 

3,  289 

12  15  N 

49  57  39,78 

49,  33 

56 

18  6 Eridanus 

3 4 

3 23  31,52 

2,  883 

10  9 s 

50  52  52,84 

43,  24 

57 

39  J'  Perfeus 

3 

3 28  44,93 

4,  203 

47  8 N 

52  II  13,91 

63,  05 

58 

25  » Lucida  Pleiad. 

3 

3 35  37,17 

3,  535 

23  29  N 

53  54  17,56 

53,  03 

59 

44  Perfeus 

3 

3 41  35,20 

3,  734 

31  17  N 

55  23  48,00 

56,  01 

60 

, 

45  4 Perfeus 

3 

3 44  29,19 

3,  977 

39  25  N 

56  7 17,87 

59,  66 

SuPfL.  VoL.  I. 
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Catalogue  of  the  principal  Fixed  Stars  to  the  beginning  of  the 

Year  Eighteen  Hundred. 


N°  of 
Star. 

Name  and  Charadler  of 
Star. 

Mag- 

ni- 

tude. 

Medium 
Right  Afcenfion 
in  Time- 

Annual 
Variation 
in  R.  A. 
and 

in  Time. 

Medium 

Declination. 

Medium 
Right  Afcenfion 
in  Equal.  Part. 

Annual 
Variation 
in  R.  A. 

Nor- 

h 

//  T'5"o"S' 

0 

t Sou. 

0 / //  I 0 0 

//  Too 

+ 

+ 

6l 

34  y Eridanus 

2 3 

3 

48  42>25 

2,  786 

14 

5 s 

57  10  33.77 

41.  79 

62 

37  Taurus 

5 

3 

52  53.46 

3.  515 

21 

32  N 

58  13  21,83 

52,  72 

63 

54  y Taurus 

3 

4 

8 25,23 

3.  387 

15 

8 N 

62  6 18,48 

50,  80 

64 

61  tf*  Taurus 

3 4 

4 

1 1 24,68 

3.432 

17 

4 N 

62  51  10,26 

51,  48 

65 

64  J**  Taurus 

4 

4 

12  34.93 

3.  431 

16  58  N 

63  8 43,89 

51,  46 

66 

65  Taurus 

5 

4 

13  27,66 

3.  545 

21 

50  N 

63  21  54,93 

53.  17 

67 

67  Taurus 

4 5 

4 

13  31.13 

3r543 

21 

44  N 

63  22  47,02 

53.  14 

68 

74  i Taurus 

3 4 

4 

16  56,98 

3.  475 

18 

44  N 

64  14  14,76 

52,  12 

69 

77  ■9-*  Taurus 

5 

4 

17  9,30 

3.401 

15 

31  N 

64  17  19.53 

51.  02 

70 

78  9-’ Taurus 

5 

4 

17  19.53 

3.  399 

15 

25  N 

64  19  52,91 

50,  99 

71 

^ preced.  « Q 

. 

4 

22  12,56 

65  33  8,40 

• • • 

72 

87  ALDEBARAN. 

I 

4 

24  27,29 

3.  421 

16 

6 N 

66  6 49,38 

5U  31 

73 

4;  fequ.  tt  y 

• 

4 

26  43,44 

• • • 

• 

• • • 

66  40  51,60 

74 

91  Taurus 

6 

4 

27  44,78 

3.406 

15 

24  N 

66  56  11,77 

51.  09 

75 

52  V*  Eridanus 

3 4 

4 

27  47,26 

2,  329 

30 

59  s 

66  56  48,83 

34.  94 

76 

92  0-*  Taurus 

6 

4 

27  50,67 

3.  409 

15 

31  N 

66  57  40,07 

51.  13 

77 

54  Eridanus 

3 4 

4 

31  43.15 

2,  615 

20 

4 s 

67  55  47.21 

39.  23 

78 

102  t Taurus 

4 

4 

51  9.38 

3.  565 

2 I 

18  N 

72  47  20,75 

53.  47 

79 

67  Eridanus 

3 

4 

58  2,38 

2,  948 

5 

21  S 

74  30  35.74 

44,  22 

80 

69  \ Eridanus 

4 

4 

59  34.73 

2,  863 

9 

I S 

74  53  40,95 

42.  95 

81 

^ preced.  a.  Auriga 

• 

5 

I 39.44 

« • • 

• • • 

75  24  51,60 

• • • 

82 

13  CAPELLA 

I 

5 

I 56,16 

4.414 

45 

47  N 

75  29  2,40 

66,  21 

83 

>{«  fequ.  a Auriga 

• 

5 

3 14.28 

• • « 

• 

75  48  34.20 

• • • 

84 

preced.  0 Orion 

• 

5 

3 56,39 

• • • 

• 

* • ■ 

75  59  5.85 

* « • 

85 

19  RIGEL 

I 

5 

4 55.54 

2,  867 

8 

27  s 

76  13  53.10 

43.  01 

86 

^ fequ.  0 Orion 

5 

8 24,57 

• • • 

• • • 

77  6 8,55 

• • • 

87 

120  0 TAURUS 

2 

5 

*3  39.38 

3.  778 

28 

26  N 

78  24  50,70 

56,  67 

88 

24  y Orion 

2 

5 

14  24,54 

3.  209 

6 

9 N 

78  36  8,16 

48.  13 

89 

9 0 Lepus 

3 4 

5 

19  41,09 

2,  565 

20 

56  s 

79  55  16,40 

38,  47 

90 

34  Orion 

2 

5 

21  47,38 

3.  057 

0 

28  s 

80  26  53,69 

45.  86 
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Catalogue  of  the  principal  Fixed  Stars  to  the  beginning  of  the 

Year  Eighteen  Hundred. 


N°of 

Star. 

Name  and  Chara<5ter  of 
Star. 

Mag- 

ni- 

tude. 

Medium 
Right  Afcenfion 
in  Time. 

’ Annual 
V ariation 
in  R.  A. 
and  in 
Time. 

Medium 

Declination. 

Medium 
Right  Afcenfion 
in  Equal.  Part. 

Annual 
Variation 
in  R.  A. 

K . ..  I 

I 

Nor. 

I 

100 

//  1000 

° ' Sou. 

0 / /I  I 0 0 

u 100 

4- 

+ 

I2I 

69  V Gemini 

4 5 

7 23  34,54 

3.  715 

27  21  N 

no  53  38,04 

55.  72 

122 

preced.  a Cun.  mi. 

• 

7 26  40,27 

• • • 

• • • • 

III  40  4,05 

• • • 

F23 

10  PROCYON 

I 2 

7 28  49,10 

3.  137 

5 44  N 

1 12  12  16,50 

47,  06 

I 24 

fequ.  « Can.  min. 

• 

7 30  27,12 

• • • 

• • • 

1 12  36  46,80 

• • « 

I 25 

78  POLLUX 

2 

7 33  3>i8 

3,  687 

00 

04 

0 

2: 

113  15  47,70 

55.  31 

I 26 

>fc  fequ.  /8  Gemini 

UJ 

Ca 

00 

. . . 

• • • • 

113  52  11,70 

127 

10  //^Cancer 

5 

7 55  57.64 

3.  545 

22  9 N 

1 18  59  24,55 

53.  18 

128 

14  4^  Cancer 

4 

7 58  23  25 

3.  639 

26  7 N 

119  35  48,73 

54.  58 

129 

17  ,8  Cancer 

3 4 

8 5 59.37 

3,  266 

9 48  N 

121  24  50,61 

48,  99 

130 

31-3-  Cancer 

5 6 

8 20  10,35 

3.  441 

I 8 46  N 

125  2 35,31 

51.  61 

33  » Cancer 

6 7 

8 21  7,79 

3.  491 

21  6 N 

125  16  56,87 

52,  36 

132 

4 Hydra 

4 

8 27  3,04 

3.  189 

6 23  N 

126  45  45,53 

47.  83 

133 

43  y Cancer 

4 

8 31  41,86 

3.  499 

2 2 10  N 

127  55  27.85 

52,  49 

134 

47  <f'  Cancer 

4 

8 33  18, II 

3.  428 

18  53  N 

128  19  31,70 

51.  42 

135 

1 1 £ Hydra 

4 

8 36  10,14 

3.  199 

7 8 N 

129  2 32,03 

47.  98 

136 

16  ^ Hydra 

4 5 

8 44  48.86 

3.  187 

6 42  N 

131  12  12,84 

47.  81 

137 

60  Cancer 

4 5 

8 44  59.39 

3.  290 

12  24  N 

131  14  50,81 

49.  35 

138 

65  a*  Cancer 

3 4 

8 47  31,82 

3.  292 

12  37  N 

131  52  57,26 

49.  38 

139 

76  K Cancer 

4 5 

8 56  54.33 

3.  263 

II  28  N 

134  13  34.92 

48,  95 

140 

66  Cancer 

5 6 

8 58  30,37 

3.  472 

22  51  N 

134  27  35.48 

52,  08 

141 

22  3-  Hydra 

4 

9 3 54.80 

3,  120 

3 10  N 

135  58  42,03 

46,  80 

142 

I « Leo 

4 

9 12  58,32 

3’  524 

27  2 N 

138  14  34.77 

52,  86 

143 

30  ALPHARD 

X 

9 17  44.97 

2.  935 

7 48  s 

139  26  14,55 

44.  03 

144 

4;  lequ.  a Hydra 

• 

9 23  9,19 

• • • 

• • • • 

140  47  17,85 

• • • 

145 

5 ^ Leo 

4 

9 21  9,26 

3.  253 

12  I I N 

140  17  18,97 

48,  80 

146 

14  0 Leo 

4 

9 30  27,65 

3.  224 

10  48  N 

142  36  54,82 

48,  36 

147 

17  £ Leo 

3 

9 34  28,29 

3.434 

24  41  N 

143  37  4.31 

51,  51 

148 

24  /Jt.  Leo 

3 

9 41  21,84 

3.  457 

'26  57  N 

145  20  27,54 

51.  85 

149 

27  v Leo 

4 

9 47  26,92 

3.  243 

13  24  N 

146  51  43,76 

48,  65 

150 

29  7T  Leo 

4 

9 49  37.99 

3.  183 

9 ON 

147  24  29,89 

47.  75 
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Year  Eighteen  Hundred. 

N°  of 
Star. 

Name  and  Charadfer  of 
Star. 

Mag- 

ni- 

tude. 

Medium 
Right  ..'Vcenfion 
in  Time. 

Annual 
Variation 
in  R.  A. 
and  in 
Time. 

Medium 

Declinatiou. 

Medium 
Right  Afcenfion 
in  Equat.  Part. 

Annual 
Variation 
in  R.  A. 

h 

' " -rio 

I 

//  To“  0 0 

' Nor. 

0 ' Sou. 

I 

0 / /«  * 0 0 

I 

100 

30  0 Leo 

3 4 

9 

52  24,60 

+ 

3*  289 

17  44  N 

149  6 9,04 

+ 

49*  33 

152 

32  REGULUS 

1 

9 

57  42>o3 

3*  '^04 

12  56  N 

‘49  25  30,30 

48,  06 

‘53 

4?  fequ.  a Leo 

• 

10 

4 28,58 

‘5‘  7 8,70 

• • • 

‘54 

36  ^ Leo 

3 

10 

5 32,34 

3*  361 

24  25  N 

‘5‘  23  5,16 

50,  42 

155 

41  Leo 

2 3 

10 

8 55,22 

3*  306 

20  51  N 

‘52  13  48*23 

49*  60 

1 5® 

34  fji  Uffa  major 

3 

10 

‘o  21,35 

3*  635 

42  30  N 

‘52  35  23,32 

54*  52 

‘57 

47  p Leo 

4 

10 

22  15*77 

3*  ‘7° 

10  20  N 

‘55  33  56,49 

47*55 

158 

48  0 Uffa  major 

2 

10 

49  39>53 

3*  709 

57  27  N 

162  24  52,93 

55*  63 

‘59 

7 tf  Crater 

4 

10 

50  4 55 

2,  943 

17  14  S 

162  31  8,25 

44*  ‘4 

160 

50  « Urfa  major 

I 2 

10 

51  15,84 

3*  847 

62  50  N 

162  48  57,61 

57*  70 

161 

1 1 0 Crater 

3 4 

1 1 

I 50,06 

2,  933 

3‘  44  s 

‘65  27  30,97 

44*  02 

162 

68  Leo 

2 3 

1 1 

3 26,39 

3*  ‘99 

21  37  N 

‘65  5‘  35*91 

47*  98 

‘63 

70  5-  Leo 

3 

1 1 

3 44*23 

3*  ‘65 

16  31  N 

‘65  56  3*49 

47*  48 

164 

13  X Crater 

5 6 

1 1 

13  28,15 

2,  981 

17  17  S 

168  22  2,21 

44*  72 

‘65 

78  1 Leo 

4 

1 1 

13  28,32 

3*  ‘25 

I I 38  N 

168  22  4,85 

46,  87 

166 

84  T Leo 

4 

1 1 

‘7  39*49 

3*085 

3 57  N 

169  24  52,34 

46,  28 

167 

91  y Leo 

4 

! I 

26  42,82 

3*  069 

0 17  N 

171  40  42,29 

46,  04  1 

168 

3 V Virgo 

5 

I I 

35  34*“ 

3*  087 

7 39  N 

‘73  53  5‘*7o 

46,  3‘ 

i6q 

>tc  preced.  0 Leo 

• 

I I 

38  19,46 

• • • • 

‘74  34  5‘*90 

• • • 

170 

94  DENEBOLA 

T 2 

I I 

38  50,49 

3,  062 

15  41  N 

‘74  42  37*35 

45*  93 

‘7‘ 

5 0 Virgo 

3 

I I 

0 

M 

ON 

00 

3,  122 

2 54  N 

‘75  4 5*70 

46,  8 3 

172 

64  y Uffa  major 

2 

I I 

43  ‘4*22 

3*  212 

54  48  N 

‘75  48  33*33 

48,  18 

‘73 

I a.  Corvus 

4 

I I 

58  6,94 

3*  062 

23  37  s 

‘79  3‘  44*‘o 

45*  93 

‘74  ■ 

2 i Corvus 

4 

1 I 

59  5‘*63 

3*  067 

21  30  s 

‘79  57  54»47 

46,  00 

‘75 

69  Urfa  major 

3 

12 

5 27,23 

3*  021 

58  9 N 

18 1 21  48,42 

45*  32 

1 76 

4 y Corvus 

3 

I 2 

5 32, 3‘ 

3*077 

16  26  s 

181  23  4,58 

46,  16 

‘77 

15  » Virgo 

3 

12 

9 40*74 

3*  067 

0 27  N 

182  25  11,13 

46,  01 

178 

9 0 Corvus 

3 

12 

23  54*39 

3*  ‘24 

22  17  s 

‘85  58  35,92 

46,  86 

‘79 

5 K Draco 

3 

12 

24  47,65 

2,  661 

70  53  N 

186  II  54,72 

39*  9‘ 

180 

29  Virgo 

3 

I 2 

3‘  33*85 

3*  069 

0 21  s 

‘87  53  27*72 

46,  03 

SuPfL.  VoL.  I.  K 
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t 

Annual 

N°  of 
1 Star. 

Name  and  Charafter  of 
Star. 

Mag- 

ni- 

tude. 

Ri 

Medium 
ght  Afeenfion 
in  Time. 

Variation 
in  R.  A. 
and 

in  Time. 

Medium 

Declination 

Medium 
Right  Afeenfion 
in  Equat.  Part. 

Annual 
Variation 
in  R.  A. 

I 

h 

i //  ' 

I 

Nor. 

^ r 

I 

1 

' ” 100 

//  1000 

° ' Sou. 

6 i //  1 0 0 

a ^ 0 0 

+ 

+ 

241 

21  ANTARES 

r 

16 

17  9,69 

3,  645 

25  t;8  s 

244  17  25,35 

54,  68 

242 

jf;  a Scorpio 

• 

16 

19  6,66 

« • • 

• • • • 

244  46  39,90 

• • • 

243 

8 <p  Opbiuchos 

4 5 

16 

19  43>o3 

3,  418 

16  10  s 

244  55  45,42 

51,  27 

244 

14  I)  Draco 

3 4 

16 

21  18,33 

0,  785 

61  58  N 

245  19  34-92 

II,  78 

245 

27  /S  Hercules 

3 

16 

21  37,87 

2,  579 

21  56  N 

245  24  28,08 

38,  68 

246 

23  T Scorpio 

4 

16 

23  26,96 

3,  709 

27  47  S 

245  51  44,36 

55,  64 

247 

13  ^ Ophiuchos 

2 3 

16 

26  9,55 

3,  287 

10  9 s 

246  32  23,24 

49,  30 

248 

40  ^ Hercules 

3 4 

16 

33  45-64 

2,  292 

32  I N 

248  26  24,67 

34,  38 

249 

44  » Hercules 

3 4 

16 

36  3A4 

2,  046 

39  19  N 

249  0 47,15 

30,  69 

250 

58  s Hercules 

3 

16 

52  38,68 

2,  292 

31  16  N 

253  9 40,16 

34,  38 

2 7 I 

35  n Ophiuchos 

2 3 

16 

58  55.’5 

3,  424 

15  28  S 

254  43  47,26 

51,  36 

252 

;|c  preced.  « Hercules 

• 

17 

5 12,70 

• • • 

• • • 

256  18  10,50 

• • • 

253 

64  <1  HERCULES 

2 3 

17 

5 31*76 

2,  726 

14  38  N 

256  22  56,40 

40,  89 

254 

65  Hercules 

3 4 

17 

6 49,41 

2,  459 

25  5 N 

256  42  21,17 

36,  88 

255 

42  a Ophiuchos 

3 

17 

9 44.25 

3,  669 

24  47  s 

257  26  3,68 

55,  04 

256 

35  X Scorpio 

3 

17 

20  2,64 

4,  057 

36  57  s 

260  0 39,58 

60,  85 

257 

^ preced.  a Ophiu. 

* 

17 

24  45.90 

• • • 

• • • • 

261  II  28,50 

• • • 

278 

55  «OPEIIUCHOS 

2 

17 

25  38,97 

2,  768 

12  43  N 

261  24  44,55 

41,  52 

259 

fequ.  a Ophiuchos 

- 

17 

29  11,02 

• • e 

• • • • 

262  17  45,32 

• • • 

260 

23  |S  Draco 

3 

17 

25  55,99 

1,  348 

52  27  N 

261  28  59,82 

20,  22 

261 

60  jS  Ophiuchos 

3 

17 

33  35-77 

2,  959 

4 40  N 

263  23  56,54 

44,  39 

262 

62  >■  Ophiuchos 

3 

17 

37  52,04 

3,  003 

2 48  N 

264  28  0,56 

45,  05 

263 

57  Serpens 

3 4 

17 

49  54.59 

3,  153 

3 40  s 

267  28  38,87 

47,  30 

264 

67  0 Oph.  V.  Taur. 
PoniatowlEy 

4 

17 

50  37.47 

2,  999 

2 57  N 

267  39  21,99 

44,  99 

265 

33  > Draco 

2 3 

17 

51  57,79 

1,  389 

51  31  N 

267  59  26,85 

00 

d 

266 

10  > Sagittarius 

3 4 

17 

52  58,05 

3,  851- 

30  25  S 

268  14  30,76 

57,  77 

267 

. b Taur.  Poniat. 

. 

18 

0 41,10 

2,  993 

3 19  N 

270  10  16,50 

44,  90 

268 

13  ^^Sagittarius 

4 

18 

I 48,37 

3,584 

21  6 s 

270  27  5,63 

53,  76 

269 

15  /a®  Sagittarius 

4 6 

18 

3 16,90 

3,  575 

3,  984 

20  46  S 

270  49  13,57 

53.  62 

270 

20  6 Sagittarius 

2 3 

18 

10  53,67 

34  28  s 

272  43  25,11 

59,  76 
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Annual 

N°  of 
Star. 

Name  and  Character  of 
Star. 

Mag- 

ni- 

Medium 
Right  Afeenfion 

Variation 
in  R.  A. 

Medium 

Detlination. 

Medium 
Right  Afeenfion 

Annual 

Variation 

tude. 

in  Time. 

and  in 

in  Equat.  Part. 

in  R.  A. 

Time. 

h 

' " -riro 

/# 

I 

0 0 

Nor. 
° < Sou. 

d 

/ 

I 

;<  To^ 

I 

U 10^ 

15  37,66 

+ 

+ 

271 

22  X Sagittarius 

4 

18 

3* 

705 

25  35  s 

273 

54 

24,92 

55*  57 

272 

ijt  preced.  * Lyra 

• 

18 

28  40,12 

• 

• . 

• • • • 

277 

10 

1,88 

. • « 

273 

3 WEGA 

1 

18 

30  9,89 

I, 

994 

38  36  N 

277 

32 

28,35 

29,  91 

274 

fequ.  « Lyra 

. 

18 

31  40,00 

• 

• • 

• • • . 

277 

54 

50,00 

. . . 

275 

27  4 Sagittarius 

3 4 

18 

33  9»39 

3* 

747 

27  II  S 

278 

17 

20,84 

56,  21 

276 

4 e Lyra 

5 

18 

37  42*87 

I, 

983 

39  28  N 

279 

25 

43*03 

29,  74 

277 

32  Sagittarius 

4 5 

18 

42  5,41 

3* 

625 

22  59  s 

280 

35 

21,22 

54*  38 

278 

10/2  Lyra 

3 

18 

42  41,86 

2, 

21 1 

33  9 N 

280 

40 

27*89 

33*  56 

279 

34  a-  Sagittarius 

3 

18 

42  51,40 

3* 

724 

26  32  s 

280 

42 

50*99 

55*  86 

280 

35  V*  Sagittarius 

4 5 

18 

43  5*53 

3* 

623 

22  54  s 

280 

45 

16,99 

54*  35 

281 

63  .S-  Serpens  Dup. 

3 

i8 

. /r  I 5,  8 i 
40  i8,j» 

2, 

977 

3 57  » 

28  I 

34 

1 **?  5 
3 4,8  4 

44*  66 

282 

12  <r  Lyra 

3 4 

18 

47  3Li6 

2. 

095 

36  39  N 

281 

52 

47*43 

35,  42 

283 

47  0 Draco 

4 

i8 

48  14,15 

0, 

880 

59  9 N 

282 

3 

32,20 

13*  21 

284 

14  y Lyra 

3 

18 

51  27,04 

2, 

241 

32  26  K 

282 

51 

45*55 

33*  61 

285 

39  0 Sagittarius 

4 

18 

52  41,18 

3* 

595 

22  1 S 

283 

10 

17*72 

53*  92 

286 

40  T Sagittarius 

4 

18 

54  26,45 

3* 

758 

27  57  s 

283 

36  36,82 

56, 37  ; 

287 

16  X Antinous 

3 4 

18 

55  38*^0 

3. 

186 

5 10  s 

283  54  35*55 

47*  79  , 

288 

17  ^ Aquila 

3 

18 

56  12,69 

2, 

755 

53  35  N 

284 

3 

10,37 

45*  33 

289 

41  v Sagittarius 

3 4 

18 

57  5U37 

3* 

574 

21  20  s 

284  27 

50*57 

53,  61 

290 

42  4-  Sagittarius 

4 5 

19 

3 15*27 

3* 

685 

25  35  s 

285  48  49,04 

55*  27 

291 

43  d Sagittarius 

4 6 

19 

5 55*86 

3* 

557 

19  18  s 

286 

28 

57,90 

52*  76 

292 

57  Draco 

3 

59 

12  27,95 

o> 

033 

67  19  N 

288 

6 

59*21 

0,49 

1^3 

I » Cygnus 

4 

19 

12  28,28 

I, 

383 

52  58  N 

288 

7 

4*19 

20,  73 

294 

30  J'  Aquila 

3 

19 

15  24,12 

3* 

008 

2 44  N 

288 

51 

5*79 

45*  12 

295 

6 li  Cygnus 

3 

19 

22  38,53 

2, 

455 

27  33  N 

290 

39 

37*97 

36,  23 

296 

10  / Cygrtus 

4 6 

59 

24  39*61 

I, 

555 

51  19  N 

291 

9 

54*19 

22,  67 

297 

41  / Antinous 

3 4 

59 

26  22,16 

3* 

106 

I 43  S 

291 

35 

32*37 

46*  59 

298 

135-  Cygnus 

4 

‘9 

31  5,16 

I, 

645 

49  46  N 

292  46 

17*40 

24,  68 

299 

5 a Sagitta 

4 

19 

31  9,25 

2, 

678 

17  34  N 

292 

47 

18,74 

40,  17 

300 

56  f Sagittarius 

6 

19 

34  41*43 

3* 

520 

20  14  s 

293 

40 

21*39 

52,  80 
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iN°of 

Star. 

Name  and  Charadler  of 
Star. 

Mag- 

ni- 

tude. 

R4 

Medium 
jht  Afcenlion 
in  Time. 

Annual 
Variation 
in  R.  A. 
and  in 
Time. 

Medium 

Declination. 

Medium 
Right  Afcenfion 
in  Equat.  Part. 

Annual 
Variation 
in  R.  A. 

h 

' '>  rio 

X 

//  T 0 0 C> 

Nor. 
^ ^ Sou, 

0 i 

I 

//  100 

1 

U 10  0 

301 

>f;  preced.  > Aquila 

19 

35  12,50 

+ 

• • • 

• • • • 

293  48 

7.50 

+ 

• • • 

302 

r^o  y AQUILA 

3 

19 

36  44»5° 

2.  837 

10  8 N 

294  1 1 

7.50 

42,  59 

303 

fequ.  y Aquila 

• 

19 

39  o>8i 

• • • 

• • • • 

294  45 

12,16 

• • • 

304 

18  tf  Cygnus 

3 

19 

38  43.09 

I,  869 

44  39  N 

294  40  46.34 

28,  02 

305 

>j(  preced.  « Aquila 

• 

19 

38  35.87 

. . . 

• • • • 

294  38  58.05 

• * • 

306 

53  ATAIR 

I 2 

19 

41  1,02 

2,  918 

_8  21  s 

295  15 

i5'3o 

43.  78 

307 

fequ.  « Aquila 

. 

^9 

42  52.37 

295  43 

5.55 

• • • 

308 

55  j)  Antinous 

3 4 

'9 

42  17.H 

3.  058 

0 30  N 

295  34 

17.08 

45.  87 

309 

59  b Sagittarius 

4 5 

19 

44  39.56 

3.  699 

27  41  S 

296  9 

53.46 

55.  48 

310 

60  ^AQUILA 

3 4 

19 

45  28,97 

2.  939 

5 55  N 

296  22 

14.55 

44.  08 

31 1 

65  -3-  Aquila 

3 

20 

0 58,52 

3.  097 

I 24  s 

300  14 

37.75 

46.  45 

312 

5 CAPRICOR. 

3 4 

20 

6 32,79 

3.  330 

13  7 s 

301  38 

1 1,88 

49.  95 

313 

preced.  a*  Capricor. 

. 

20 

5 17.48 

301  19 

22,20 

• • • 

314 

6 a*  CAPRICOR. 

3 

20 

6 56,48 

3.  331 

13  9 s 

301  44 

7.20 

49,  96 

315 

fequ.  Capricor. 

• 

20 

9 33.32 

• • • 

• • • • 

302  23 

19,80 

• • • 

316 

prcc.  ^ Capr.  N. 827 Mayer 

20 

9 31.35 

3.  380 

15  24  s 

302  22 

50,19 

50,  70 

3>7 

8 V Capricornus 

6 

20 

9 33.69 

3.  337 

13  23  s 

302  23 

25.39 

50,  06 

318 

9 ,<S  Capricornus 

3 

20 

9 45.50 

3.  380 

15  24  s 

302  26 

22,54 

50.  70 

319 

37  > Cygnus 

3 

30 

15  2,63 

2,  148 

39  38  N 

303  45 

39.39 

32,  22 

320 

1 1 p Capricornus 

6 

20 

17  26,45 

3.  438 

18  28  s 

304  21 

36.72 

51.  57 

321 

4 ^ Delphinus 

4 5 

20 

25  57.50 

2,  801 

14  ON 

306  29 

22,44 

42,  01 

322 

6 & Delphinus 

3 

20 

28  10,32 

2,  804 

13  55  N 

307  2 

34.74 

42,  06 

323 

9 a Delphinus 

• 3 

20 

30  20,76 

2,  780 

15  13  N 

307  35 

11,37 

41,  70 

1 324 

50  DENEB. 

1 2 

20 

34  36.68 

2.  034 

44  34  N 

308  39 

10,20 

30,  51 

325 

^ fequ.  a Cygnus 

• 

20 

40  28,55 

• • • 

• • • • 

310  7 

8,25 

• • • 

326 

2 s Aquarius 

4 5 

20 

36  50,38 

3.  255. 

10  13  s 

309  12 

35-72 

48.  83 

! 327 

preced.  y Delphi. 

• 

20 

37  21,94 

309  20 

29,08 

• • • 

1 328 

12  > Delphinus 

3 

20 

37  22,96 

2.  783 

15  25  N 

309  20 

44.34 

41.  75 

329 

53  ‘ Cygnus 

3 

20 

38  6,70 

2.  393 

33  13  N 

309  31 

40,56 

35.  89 

330 

. ■ ■■ 

6 Aquarius 

4 5 

20 

41  51.17 

3.  243 

9 43  s 

310  27 

47.61 

48.  65 
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N°  of 
Star. 

Name  and  Charadler  of 
Star. 

Mag- 

ni- 

tude. 

Medium 
Right  Afcenfion 
in  Time. 

Annual 
Variation 
in  R.  A. 
and 

in  Time. 

Medium 

Declination. 

Medium 
Right  Afcenfion 
in  Equat.  Part. 

Annual 
Variation 
in  R.  A. 

Nor. 

^ " I o'  0 

//  "i  Q 0“0 

0 / 5o«. 

0 / //  T'0'0 

//  10  0 

+ 

+ 

331 

7 Aquarius 

6 

20  46  4,59 

3»  255 

10  28  s 

311  31  8,80 

00 

oc 

332 

23  a- Capricornus 

5 4 

20  54  39U5 

3,  384 

18  IS 

313  39  56,25 

50, 76 

333 

13  V Aquarius 

5 

20  58  41,24 

3,  274 

12  10  3 

314  40  18,64 

49,  II 

334 

8 a Equuleus 

4 

21  5 48,78 

2,  997 

4 26  N 

316  27  11,73 

44, 96 

335 

32  / Capricornus 

21  II  5,67 

3»  355 

17  41  S 

317  46  25,00 

50,  33 

336 

4 ^ Equuleus 

6 

21  12  57,71 

2,  981 

5 58  N 

318  14  25,62 

44>  72 

337 

18  Aquarius 

6 

21  13  14,77 

3,  286 

13  44  S 

318  18  41,53 

49,  29 

338 

5 « Cepheus 

3 

21  13  46,85 

I,  427 

61  45  N 

318  26  42,69 

21,  40 

339 

22  Aquarius 

D 

21  21  1,12 

3,  165 

6 27  s 

320  15  16,74 

47,48  I 

340 

39  s Capriccrmis 

4 

21  25  52,29 

3,  379 

20  21  S 

321  28  4,34 

50,  68  1 

341 

8 jS  Cepheus 

3 iai  26  1,18 

0,  821 

69  41  N 

321  30  17,76 

12,  32 

342 

40  y Capricornus 

3 4 

21  28  59,14 

3.  329 

17  33  s 

322  14  47,15 

49,  93 

343 

43  X.  Capricornus 

5 

21  31  27,98 

3»  360 

19  46  s 

322  51  59,74 

50,  40 

344 

8 6 Pegafus 

3 

21  34  21,53 

2,  943 

8 58  N 

323  35  22,99 

44,  15 

345 

80  TT^Cygnus 

4 

21  34  59>6s 

2,  1 16 

50  17  N 

323  44  54138 

31,  74 

346 

49  <f  Capricornus 

3 

21  35  58,68 

3,  310 

17  IS 

323  59  40,25 

49,  65 

347 

4:  preced.  '■(  Aquarius 

• 

21  55  8,21 

328  47  3,15 

• • • 

348 

34  « AQUARIUS 

21  55  29,75 

3,  067 

1 17  s 

328  52  26,25 

46,  00 

1 349 

48  y Aquarius 

3 

22  II  18,89 

3>  094 

223  s 

332  49  43,39 

46,  41 

! 350 

52  -TT  Aquarius 

4 5 

22  15  4,00 

3,  065 

0 22  N 

333  45  59,98 

45,  97 

351 

55  ^ Aquarius 

4 

22  18  31,68 

3,  079 

X 2 S 

334  37  55,26 

46,  18 

352 

57  <r  Aquarius 

5 

22  20  2,99 

3,  186 

1 1 42  S 

335  0 4484 

47,  79  i 

353 

7 Lacerta 

4 

22  23  7,61 

2,  431 

49  16  N 

335  46  54,14 

36,  46 

354 

62  a Aquarius 

4 

22  25  4.59 

3,  079 

I 9 s 

336  16  8,78 

46,  19 

355 

63  » Aquarius 

5 

22  27  23,38 

3’  117 

5 14  s 

336  50  50,67 

46,  76 

356 

42  Pegafus 

3 

22  31  29,06 

2,  981 

9 48  N 

337  52  15,89 

44,  72 

357 

44  jf  Pegafus 

3 

22  33  37,87 

2,  792 

29  I I N 

338  24  27,91 

41,  88 

358 

69  Aquarius 

5 

22  37  4,70 

3,  197 

15  7 s 

339  16  10,57 

47,  96 

359 

7 I Aquarius 

5 6 

22  38  59,29 

3,  190 

14  39  s 

339  44  49,4i 

47,  85  i 

360 

73  X Aquarius 

4 

22  42  10,52 

3>  137 

8 38  s 

340  32  37,87 

47,05 
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Auteniqua.  and  fays,  that,  as  he  approached  it,  he  beheld,  from  the 
top  of  a very  high  mountain,  an  immenfe  valley,  adorn- 
ed with  agreeable  hills,  variegated  in  an  infinite  num- 
ber of  (hapes,  and  extending  in  an  undulating  manner 
as  far  as  the  fea  ; v?hilft  enamelled  meads,  and  the  moft 
beautiful  paftures,  ftill  added  to  the  magnificent  fcene. 
It  abounds  with  fmall  rivulets,  which,  flowing  down 
from  the  mountains,  run  into  the  fea  through  an  hun- 
dred different  channels.  The  water  of  thefe  rivulets  has 
the  colour  of  Madeira  wine,  and  a ferruginous  tafte  ; 
but  our  traveller  did  not  examine  whether  this  tafle  and 
colour  proceed  from  their  flowing  through  fome  mine 
in  their  paffage,  or  from  the  roots  and  leaves  of  trees 
which  they  carry  along  with  them. 

The  whole  of  Auteniqua,  from  the  chain  of  motfti- 
tains  which  divides  it  from  the  country  of  that  face  of 
Hottentots  called  Gonaquas  to  the  fea,  is  inhabited  by 
feveral  planters,  who  rear  a number  of  cattle,  make  but- 
ter, cut  down  timber,  and  colledf  honey  ; all  of  which 
they  tranfpoit  to  the  Cape : but  it  appears  that  they 
make  not  the  moft  of  their  fituation.  “ Can  it  be  be- 
lieved (fays  M.  Vaillant),  that  the  diredtors  of  the  Com- 
pany, for  their  own  ufe,  fhould  order  fliips  to  be  fent 
every  year  from  Amfterdam,  loaded  with  planks  and 
boards  of  every  kind,  whilft  in  this  country  there  are 
immenfe  forefts,  and  the  moft  beautiful  trees  in  the 
world  ? This  abfurdity,  however,  is  not  at  all  aftonifh- 
ing.  The  Company  gratuitoufly  furnifhes  the  gover- 
nor and  all  the  officers  with  whatever  wood  they  have 
occafion  for  ; and  it  is  delivered  to  them  at  their  houfes 
without  any  expence.  The  governor  therefore  has  no 
perfonal  intereft  to  extend  his  views  to  this  part  of  the 
adminiftration,  and  to  abolifh  an  abufe  fo  prejudicial  to 
the  colony.” 

But  thecolonifts  themfelves  muft  be  a very  indolent 
and  ftupid  kind  of  people ; fince,  if  our  traveller  de- 
ferves  credit,  they  negledt  advantages  with  which  the 
perfonal  intereft  of  the  governor  cannot  poflibly  inter- 
fere. “ I was  filled  with  indignation  (fays  M.  Vail- 
lant) to  fee  people,  who  have  wood  within  their  reach, 
employ  it  in  commerce,  and  not  have  the  courage  to 
build  for  themfelves  habitable  houfes.  They  live  in 
wretched  hovels,  conftrufted  of  wicker-work,  daubed 
over  with  clay  ; the  fkin  of  a buffalo,  fixed  at  the  four 
corners  to  as  many  flakes,  ferves  them  for  a bed  ; and 
the  door,  which  is  at  the  fame  time  a window,  is  flmt 
by  a mat ; while  two  or  three  mutilated  chairs,  a few 
pieces  of  plank,  a kind  of  table,  and  a pitiful  box  of 
two  feet  fquare,  form  all  the  furniture  of  thefe  colonial 
habitations.  Thus  is  the  picture  of  the  moft  profound 
mifery  contrafted  with  the  charms  of  this  terreftial  pa- 
radife  ; for  the  beauties  of  thefe  regions  extend  even 
beyond  Auteniqua.  The  people,  however,  though 
their  houfes  be  bad,  live  well.  They  have  game  and 
falt-water  fifh  in  abundance ; and  enjoy  exclufively, 
over  all  the  other  cantons  of  thefe  colonies,  the  advan- 
tage of  having,  for  the  whole  year  without  interruption, 
vegetables  of  every  kind  in  their  gardens.  For  this 
they  are  indebted  to  the  excellence  of  the  foil,  and  to 
its  being  naturally  watered  by  fmall  ftreams,  which  crofs 
each  other  in  a thoufand  different  diredtions,  and,  as 
one  may  fay,  lay  the  four  feafons  under  contribution  to 
fertilize  Auteniqua.  Thefe  ftreams,  which  frequently 
overflow  their  banks,  but  never  dry  up,  proceed  from  a 
caufc  well  known  j the  high  mountains  towards  the 


eaft,  which  are  covered  with  forefts,  flop  the  clouds  Auteniqua. 
and  the  fogs  carried  from  the  fea,  and  this  cccaflons 
very  abundant  rains.” 

In  thefe  mountainous  regions,  which,  as  w^ell  as  the 
plain,  our  author  comprehends  under  the  denomination 
of  Auteniqua,  there  are  multitudes  of  elephants,  buffa- 
loes, panthers,  hyenas,  and  antelopes  of  every  fpecies; 
and  all  thefe  animals  are  hunted  and  killed  by  the  na- 
tives, as  well  for  food  as  for  the  protedlion  of  their 
flocks  and  herds  from  fuch  of  them  as  are  beafts  of 
prey.  Our  author  has  eaten  the  flefh  of  every  one  of 
them  except  the  hyena  ; and  declares,  that  the  foot  of 
an  elephant,  baked  after  the  Hottentot  manner,  is  one 
of  the  moft  delicious  morfels  that  he  ever  tafted.  He 
gives  diredtions  for  hunting  them  all  ; but  warns  his 
readers  from  attacking  elephants  w'henhe  finds  them  in 
droves,  for  then,  he  fays,  they  are  invincible.  He  even 
thinks  it  exceedingly  dangerous  for  one  man,  however 
well  armed,  to  attack  a Angle  elephant  in  the  plain. 

The  buffalo  he  deferibes,  contrary  to  meft  other  travel- 
lers, as  a timid  animal,  w^hich  never  refifts  till  his  fitua- 
tion becomes  defperate  ; and  he  thinks  that  there  would 
be  no  difficulty  in  training  him,  if  caught  when  a calf, 
to  the  yoke  like  the  bullocks  of  Europe. 

The  kites  and  vultures  of  this  country,  our  traveller 
reprefents  as  in  the  higheft  degree  voracious  and  fierce, 
infomuch  that  it  is  hardly  poffible  to  fright  them  from 
their  prey.  He  had  on  one  occafion  killed  two  buffaloes, 
which  he  ordered  to  be  cut  into  very  fmall  pieces,  that 
they  might  be  more  ealily  falted,  and  expofed  after- 
wards to  the  air  and  the  fun.  His  waggons,  as  well  as 
the  bufties  and  trees  which  furrounded  him  and  his  peo- 
ple, were  loaded  with  the  bloody  fragments  of  thefe  two 
animals,  and  they  had  begun  their  operation  of  faking ; 
but  on  a fudden,  while  they  were  not  expedting  it, 
they  found  themfelves  attacked  by  flights  of  kites  and 
vultures,  which,  without  exhibiting  the  leaft  fymptoms 
of  fear,  perched  in  the  midft  of  them.  The  kites  were 
above  all  the  moft  impudent.  They  feized  upon  the 
morfels  of  flefh,  and  even  contended  furioufly  with  his 
people.  “ When  they  had  each  carried  away  (fays  he) 
a pretty  large  piece,  they  retired  to  fome  branch,  at 
the  diftance  of  ten  paces  from  us,  and  devoured  it  before 
our  eyes.  Though  we  fired  our  fufees  they  were  not 
frightened,  but  returned  inceffantly  to  the  charge;  fo 
that  finding  our  powder  wafted  in  vain,  we  refolved  to 
keep  them  off  with  large  poles  until  our  proviflons 
fhould  be  quite  dry.  This  manceuvre,  which  for  a 
long  time  harraffed  my  people,  did  not  prevent  us  from 
being  plundered  without  mercy ; but  had  we  not  em- 
ployed it,  nothing  would  have  remained  to  us  of  our 
two  buffaloes.” 

This  battle  with  the  kites  took  place  on  the  confines 
of  the  Dutch  fettlements ; but  when  M.  Vaillant  had 
with  difficulty  paffed  over  the  mountains  which  bound 
them,  the  profpe£ts  became  more  magnificent,  the  foil 
feemed  to  be  more  fruitful  and  rich,  nature  appeared  to 
be  more  majeftic  and  grand,  and  the  lofty  mountains 
prefented  on  all  fides  more  charming  and  delightful 
points  of  view  than  any  that  he  had  ever  before  met 
with.  Thefe  feenes,  contrafted  with  the  dry  and  parch- 
ed fields  of  the  Cape,  made  him  exclaim,  he  fays,  in 
ecftacy,  “ What!  fhall  thefe  fuperb  regions  be  eternally- 
inhabited  by  tygers  and  lions  ? What  fpeculator,  with 
the  fordid  view  only  of  eftablifhing  a kind  of  centre  for 
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Auteniqua.  commerce,  could  have  preferred  the  ftormy  Table  Bay 
to  the  numberlefs  roads  and  commodious  harbours 
which  are  to  be  found  on  the  eaftern  coafts  of  Africa  ? 
Thus  (continues  he)  was  I refleding  within  myfelf, 
whilft  I was  climbing  the  mountain,  and  forming  vain 
v/ifhes  for  the  conqueft  of  this  beautiful  country,  which 
the  indolent  policy  of  the  European  nations  will  per- 
haps never  gratify.” 

If  his  defcription  of  its  beauties  and  fertility  be  not 
greatly  exaggerated,  it  is  indeed  wonderful  that  either 
the  Dutch  or  fome  other  maritime  power  of  Europe  has 
not  long  ago  taken  polTeffion  of  it.  After  he  had  palTed 
the  mountain,  one  could  not,  he  fays,  choofe  a more 
agreeable  or  advantageous  fpot  than  that  upon  which  he 
then  was  for  eftablifhing  a thriving  colony.  The  fea 
advances  through  an  opening  of  about  a thoufand  paces 
in  breadth,  and  penetrates  into  the  country  to  the  dif- 
tance  of  more  than  two  leagues  and  a half.  Tlie  bafon 
which  it  forms  is  more  than  a league  in  extent  (he 
does  not  fay  whether  in  breadth  or  in  circumference) ; 
and  the  whole  coaft,  both  on  the  right  and  the  left,  is 
bordered  with  rocks,  which  intercept  all  communication 
with  it.  The  land  is  watered  by  limpid  and  refrelhing 
ftreams,  which  flow  down  on  all  fides  from  the  eaftern 
mountains;  and  thefe  mountains,  crowned  with  majef- 
tic  woods,  extending  as  far  as  the  bafon,  and  winding 
round  it  with  a number  of  finuofities,  exhibit  a hun- 
dred groves,  which  are  naturally  variegated,  and  each 
more  agreeable  than  another. 

The  author  proceeding  forwards  about  two  days 
journey,  arrived  at  a bay  known  to  navigators  by  the 
name  of  the  Bay  of  Agoa^  but  called  by  the  colonifts 
Blettenherg' s Bay,  from  its  having  been  vifited  fome 
time  before  by  a Governor  Blettenberg,  who  ordered 
his  name,  together  with  the  year  and  day  of  his  arrival, 
to  be  engraven  on  a ftone  column.  This  bay  is  a little 
beyond  the  limits  of  the  country  called  Auteniqua; 
but  it  is  not  foreign  from  the  purpofe  of  this  article  to 
infert  in  this  place  our  traveller’s  account  of  it,  and  of 
the  country  around  it. 

The  bay  itfelf,  he  flrys,  is  very  fpacious,  and  has  a 
fufficient  depth  of  water  for  the  largeft  velTels.  The 
anchoring  ground  is  fure,  and  boats  can  fail  to  a beau- 
tiful part  of  the  fhore,  which  is  not  confined  by  the 
rocks,  as  they  are  all  there  detached  from  one  another. 
By  advancing  a league  along  the  coaft,  the  crews  would 
arrive  at  the  mouth  of  a confiderable  river  called  the 
^eur-Boom,  where  they  would  find  water.  Rcfrefli- 
rnents  might  be  procured  from  the  inhabitants  of  the 
environs  ; and  the  bay  would  fupply  them  with  excel- 
lent fifh,  with  which  it  abounds. 

This  bay  is  one  of  thofe  places  where  gevernment 
might  eftablifli  warehoufes  and  repofitories  for  timber  ; 
and  it  is  for  this  reafon  that  we  have  introduced  it  to 
notice  in  this  article.  The  forefts  around  it,  fays  M. 
Vaillant,  are  everywhere  magnificent,  and  the  trees 
could  be  more  eafily  cut  down  than  anywhere  elfe  ; for 
it  is  not  to  fteep  mountains  that  one  muft  go  for  wood, 
as  at  Auteniqua  ; it  is  here  ready  at  hand  ; and  during 
the  fine  monfoon  might  be  tranfported  to  the  Cape  with 
little  trouble  and  no  rilk.  The  inexhauftible  and  fer- 
tile lands  in  the  neighbourhood  of  the  bay,  if  once  cul- 
tivated, would  produce  abundant  crops,  and  draw  toge- 
ther a great  number  of  intelligent  planters,  on  account 
of  the  ready  communication  which  they  would  have 


with  the  Cape.  In  a word,  the  Company,  continues  Auteniqua 
he,  have  nothing  to  de  fo  much  for  their  own  intereft  II 
as  to  form  here  a proper  eftablifhment.  To  the  general 
profits  of  fuch  an  inftitution,  would  be  added  thofe  of  _ 
individuals,  which  could  not  fail  to  be  of  great  import- 
ance. They  might,  for  example,  cut  down  a certain 
tree  called  Jlinking  ivood,  and  export  it  to  Europe, 
where  it  would  undoubtedly  be  foon  preferred  to  ma- 
hogany and  every  other  kind  of  wood  employed  by 
cabinet  makers. 

The  Hottentots,  who  in  fcattered  kraals  inhabit  this 
delightful  country,  our  author  deferibes  as  a faithful, 
gentle,  and  rather  timid  race.  He  affirms,  that  they 
have  no  religious  imprefTions  whatever,  nor  any  notion 
of  fuperior  powers  who  govern  the  world.  But  this,  if 
not  a wilful  falfehood  didlated  by  the  philofophy  of 
France,  is  probably  a miftake  arifing  from  his  fcanty 
knowledge  of  their  language,  and  total  ignorance  of  the 
meaning  of  their  religious  ceremonies.  His  great  maf- 
ter,  as  well  as  the  mafter  of  his  fedt,  Lucretius',  might 
have  taught  him,  that  fear,  if  not  abetter  principle,  will 
generate  the  notion  of  fuperior  beings  in  the  minds  of 
ravages ; and  from  fear,  by  his  own  account,  the  in- 
habitants of  Auteniqua  are  far  from  being  free.  Fie 
likewlfe  affirms,  and  feems  to  confider  it  as  much  to 
their  credit,  that  this  race  of  gentle  beings,  fo  far  from 
being  a prey  to  the  paffion  of  jealoufy  (as  other  travel- 
lers have  reprefented  the  Hottentots  in  general),  are  fo 
obliging,  as  to  lend  their  wives  to  travellers  who  vific 
them,  and  that  they  actually  accommodated  his  Hot- 
tentots in  this  way.  Auteniqua,  as  laid  down  in  M. 

Vaillant’s  map,  lies  between  33°  3c  and  34°  yo'offouth 
latitude,  and  between  20“  and  23°  40'  of  eaft  longi- 
tude ; and  his  rout  through  the  country  was  from  fouth* 
weft  to  north-eaft,  or  nearly  fo. 

AUTOMATON.  Under  this  title  and  that  of 
Androides  full  credit  was  allowed  in  the  Encyclopedia 
to  the  ftory  of  M.  de  Kempell’s  mechanical  chefs-player, 
and  a detail  at  fome  length  was  given  of  the  feats 
of  that  figure,  as  well  as  of  fome  other  furprifing 
automata.  No  man  more  readily  admits  the  powers 
of  the  fkilful  mechanician  than  the  writer  of  this  fhort 
article  ; but  having  many  years  ago  detedted  the  impo- 
fition  which  was  pradlifed  on  the  public  In  fome  parts 
of  Scotland  by  a circumferaneous  mountebank,  who  ex- 
hibited a figure  apparently  capable  of  writing  a certain 
number  of  words,  he  has  ever  fince  fufpedted  impofture 
in  all  automata  which  appear  to  have  the  power  of  va- 
rying their  motions  according  to  circumftances.  With 
refpedl  to  the  cbefs-player,  there  is  now  fufficient  evi- 
dence that  his  fufpicions  were  well  founded. 

In  the  defcription  of  this  figure  (Encycl.  Vol.  I. 
p.  787.),  “ it  is  fald,  that  the  automaton  could  not 
play  unlefs  M.  de  Kempell  or  his  fubftitute  was  near  it 
to  diredt  its  moves.  A fmall  box  during  the  game  was 
frequently  confulted  by  the  exhibiter  ; and  herein  con- 
fifted  the  fecret,  which  he  faid  he  could  in  a moment 
communicate.”  The  fecret  was  indeed  fimple  : “ A 
well  taught  boy,  very  thin  and  fmall  of  his  age,  was 
concealed  in  this  box  almoft  Immediately  under  the 
chefs-board,  and  agitated  the  whole  machine.”  This 
we  learn  from  Thomas  Collinfon,  Efq.  who  was  let  in- 
to the  fecret  at  Drefien  by  a gentleman  of  rank  and  ta- 
lents, named  'Jofeph  Freidrick  Freyhere,  by  whom  the 
vitality  and  foul  of  the  chefs-playing  figure  had  fome 
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AuMma-  time  before  been  completely  difcovered.  Mr  Collinfon, 
to"-  bnding  that  Dr  Hutton  had  given  the  fame  credit  with 
us  to  the  reality  of  mechanical  chefs-playing,  undeceived 
his  friend,  by  communicating  the  difcovery  of  Freyhere 
in  a letter,  which  the  Dodor  has  with  great  propriety 
publifhed  in  the  Addenda  to  his  Mathematical  Didion- 
ary.  Mr  Collinfon  adds,  and  we  doubt  not  with 
truth,  that,  “ even  after  this  abatement  of  its  being 
ftridly  an  automaton,  much  ingenuity  remains  to  the 
contriver.”  This  was  in  fome  degree  true  of  the  me- 
chanifm  of  the  writing  figure,  of  which  the  compiler  of 
this  article  deteded  the  bungling  impofture  of  the  two 
cxhibiters.  The  figure  itfelf,  with  all  the  principles  of 
its  motion,  was  very  ingenioufly  condruded  ; but  the 
two  men  who  exhibited  it  were  ignorant  and  aukward, 
and  could  not  conceal  from  a fcrutinizing  eye,  that  the 
automaton  wrote  fometimes  well  and  fometimes  ill,  and 


never  -wrote  at  all  when  they  were  both  prefent  to  the  Automa- 
company.  It  was  by  infilling  upon  feeing  them  both  ton. 
together,  and  threatening  to  expofe  the  cheat  to  the 
whole  town,  that  the  prefent  writer  prevailed  upon  him 
who  appeared  to  be  the  principal  exhibiter,  to  confefs 
in  private  that  his  companion  was  concealed  behind  a 
fcreen,  and  to  Ihow  how,  from  thence,  he  direded  the 
movements  of  the  figure. 

Conjugate  AXIS,  or  Second  Axis,  in  the  ellipfe 
and  hyperbola,  is  the  diameter  paffing  through  the  cen- 
tre, and  perpendicular  to  the  tranfverfe  axis ; and  is 
the  Ihortell  of  all  the  conjugate  diameters. 

Tranfverfe  Axis,  in  the  ellipfe  and  hyperbola,  is  the 
diameter  palTing  through  the  two  foci  and  the  two  prin- 
cipal vertices  of  the  figure.  In  the  hyperbola  it  is  the 
fhortell  diameter,  but  in  the  ellipfe  it  is  the  longeft. 


Baal’s  T)  AAL’s  River  and  Bay,  in  Weft  Greenland,  He 
U 6 j between  Bear  Sound  on  the  S.  E.  and  Delft’s 
Bahama.  Point  cu  the  N.  W.  and  oppofite  the  mouth  of  Hud- 
fon’s  Strait. — Morse. 

• BABAHOYO,  a village  and  cuftom  houfe  on 
Guayaquil  River,  in  Peru,  being  the  landing  place 
Irom  the  city  of  Guayaquil.  Here  the  merchandize 
from  Peru  and  Terra  Firma,  and  their  refpedive  pro- 
vinces, are  landed. — ih. 

BABOPAS,  a town  in  the  interior  parts  of  New 
Albion,  eaftward  of  the  long  range  of  mountains 
which  extend  northward  from  the  head  of  the  penin- 
fula  of  California.  N.  lat.  37.  45.  W.  long.  1 14.  25. 
—ih. 

BAFFIN’S  Bay,  is  the  largeft  and  moft  northern 
gulf,  or  bay,  that  has  yet  been  difcovered  in  N.  Ame- 
rica ; and  lies  between  the  70th  and  80th  degrees  of 
N.  lat.  It  opens  into  the  Atlantic  ocean  through 
Baffin’s  and  Davis’s  ftraits,  between  Cape  Ghidley  on 
the  Labrador  coaft,  and  Cape  Farewell  on  that  of  Weft 
Greenland  ; both  of  which  are  in  about  the  60th  de- 
gree of  N.  lat.  It  abounds  with  whales ; and  on  the 
S.  W.  fide  of  Davis’s  ftraits  has  a communication 
with  Hudfon’s  Bay,  through  a clufter  of  iflands.  It 
v/as  difcovered  by  the  navigator  whofe  name  it  bears, 
in  the  year  1662.  Some  maps  fhew  a communicati- 
on with  Hudfon’s  Bay,  in  the  70th  degree  of  N.  lat. 
and  in  the  70th  of  W.  long. — ih. 

BAHAMA  IJlands,  (See  Encycl.)  The  firft  dif- 
covcry  of  the  New  World,  by  Columbus,  began  Octo- 
ber II,  1-^92,  at  Guanahanl,  or  Cats  Ifland,  one  of 
the  Bahamas.  They  were  then  full  of  people  ; who 
were  fimple,  mild  and  lived  happy  in  the  midft  of 
plenty.  Thefe  unfortunate  people  were  tranfported  to 
the  mines  of  St  Domingo,  after  the  cruel  Spaniards 
l ad  exterminated  the  numerous  inhabitants  of  that 


large  ifland  } 14  years  after  the  difcovery  of  thefe  Bahama, 
iflands,  not  one  perfon  remained  in  any  of  the  Baha- 
mas.  At  this  time  Charles  II.  granted  the  Bahamas 
to  the  proprietors  of  Carolina.  They  fent  feveral  go- 
vernors, and  built  the  town  of  Naflau,  which  is  now 
the  feat  of  government  in  the  Ifland  of  Providence.  The 
ifland  of  Providence  afterwards  became  an  harbour  for 
pirates,  who,  for  a long  time,  infefted  the  American 
navigation.  In  1718,  Capt.  Woods  Rogers  was  fent 
o-at  to  diflodge  the  pirates,  and  form  a fettlement. 

This  the  captain  effeded ; and  the  iflands  have  been 
improving  fince  by  a flow  progrefs.  In  time  of  war, 
the  people  gain  confiderably  by  the  prizes  condemned 
there ; and  in  the  ccurfe  of  the  prefent  war  between 
Great-Britain  and  France,  numbers  of  American  vef- 
fels,  carrying  provifions  and  ftores  to  French  ports, 
have  been  carried  in  and  condemned  ; and  at  all  times 
they  profit  by  the  wrecks  which  are  frequent  in  this 
labyrinth  of  rocks  and  flioals.  The  Spaniards  and 
Americans  captured  thefe  iflands  during  the  laft  war  ; 
but  they  were  retaken  April  7,  1783.  The  Bahamas 
are  faid  to  be  500  in  number ; fome  of  them  only- 
rocks,  others  very  low  and  narrow,  or  little  fpots  of 
land  on  a level  with  the  water’s  edge  ; but  1 2 of  them 
are  large  and  fertile,  fome  indeed  rocky  and  barren. 

Five  of  them  only  are  inhabited,  viz.  Providence, 

Harlor,  Eleuthera,  Cat,  and  Exunia  ; Turkh  iflands 
have  about  500  men  in  the  fait  feafon,  but  at  other 
times  half  of  them  return  to  Bermuda. 

The  principal  ifland  which  has  given  its  name  to 
the  whole  clufter  is  Great  Bahama,  in  the  Northern 
Bank,  called  the  Little  Bank  of  Bahama,  whofe  fituation 
is  E.  and  W.  about  20  leagues  from  the  coaft  of  Flo- 
rida. At  a little  diftance  to  the  E.  is  Lucayoneque,  of 
nearly  the  fame  fize,  whofe  fituation  is  N.  and  S.  To 
the  N.  of  both  is  Lucayo,  which  lies  E.  and  W.  A 
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Eahrdt. 


occafion  ; but  he  went  home,  comforting  hlmfelf  with 
the  belief  that  he  Ihould  now  have  no  farther  trouble 
from  Madam  Godfchufky  or  her  girl.  He  chanced, 
however,  to  be  niiftaken.  The  magillrate  Bel  had  fome 
how  been  made  acquainted  with  this  nefarious  tranfac- 
tion,  and  brought  it  into  court  on  the  day  that  our 
hero  was  to  make  fome  very  reverend  appearance  at 
church.  The  cafe  of  Bahrdt  was  now  hopelefs  ; for 
after  fome  unfuccefsful  attempts  of  his  poor  father  to 
fave  him,  he  was  obliged  to  give  in  his  gown  and  band, 
and  to  quit  Leipfig. 

To  a parent  the  public  difgrace  of  a child  is  one  of 
the  fevered:  calamities  to  which  human  nature  is  liable; 
but  for  this  calamity  the  father  of  Bahrdt  mull  have 
been  long  prepared,  as  his  fon  appears  to  have  been  re- 
markably undutiful.  Of  this  we  have  one  memorable 
inftance  recorded  by  himfelf.  His  father,  he  fays,  was 
fevere,  and  his  own  temperament  hafty,  fo  that  he  fome- 
times  forgot  himfelf.  “ One  day  (continues  he)  Ilaid 
a loaded  piftol  on  the  table,  and  told  him  that  he  fliould 
meet  with  that  if  he  went  on  fo ; but  I was  then  only 

SEVENTEEN  !” 

On  his  being  obliged  to  leave  the  place  of  his  nati- 
vity, the  friends  of  Bahrdt,  and  in  particular  Semler, 
an  eminent  theological  writer,  who  had  formed  a very 
favourable  opinion  of  his  talents,  were  affiduous  in  their 
endeavours  to  procure  an  eflablifhment  for  him  elfe- 
where  ; but  his  high  opinion  of  himfelf,  his  impetuous 
and  precipitant  temper,  and  that  fatirical  habit  which 
he  had  fo  freely  indulged  in  his  outfet  in  life,  made 
their  endeavours  long  ineffedual.  At  laft  he  got  a 
profe/Torfliip  at  Erlangen,  then  atErfurth,  and  in  1771 
at  Gieffen.  But  in  each  of  thefe  places  he  was  no 
fooner  fettled  than  he  got  into  difputes  with  his  col- 
leagues and  with  the-eftablifhed  church  ; for  he  was  a 
ttrenuous  partizan  of  the  innovations  then  attempted  to 
be  made  in  the  dodrines  of  Chrlftianity.  In  his  publi- 
cations, which  were  generally  anonymous,  he  did  not 
ti  uft  to  rational  difeuffion  alone,  but  had  recourfe  to  ri- 
dicule and  perfonal  anecdotes,  and  indulged  in  the  moft 
cutting  farcafms  and  grofs  fcurrillty. 

His  love  for  convivial  company  continuing,  his  income 
was  infufficlent  for  the  craving  demand.  Finding  there- 
fore that  anecdote  and  flander  always  procured  read- 
ers, and  poffeffing  a wonderful  adivity  and  facility  in 
writing,  he  never  ceafed  from  publifliing  lampoons  and 
fatires,  in  which  he  fpared  neither  friends  nor  foes. 
But  it  was  impoffible  to  prevent  thefe  publications  from 
being  traced  to  their  author;  and  his  avowed  theological 
writings  being  fuch  as  could  not  be  fuffeied  in  a pro- 
feifsr  of  divinity,  the  hoft  of  enemies  which  he  had  been 
at  fo  much  pains  to  ralfeagainft  himfelf,  were  furniflied 
withfufficient  grounds  for  fubjeding  his  condud  to  le- 
gal cognizance ; even  the  very  ftudents  at  Gieffen  were 
Ihocked  at  fome  of  his  liberties. 

The  confequence  of  all  this  was,  that,  after  much 
wrangling  in  the  church  judicatories,  he  was  juft  about 
to  be  difmlfTed  from  his  profefforfhip,  when  he  got  an 
invitation  to  Maifchlins  in  Switzerland  to  fuperintend 
an  academy. 

To  Marfchlins  he  went  about  the  year  1776,  and 
began  his  new  career  by  forming  the  feminary  after  the 
model  of  an  academy  which  had  fome  time  before  been 
fet  up  in  the  principality  of  Anhalt  Deflau  by  one  Ba- 
fedow,  a man  of  talents  and  learning,  who  gave  to  it 


the  appellation  of  philanthropine.  The  plan  of  this  Uahrdt, 
academy  was  very  different  from  thofe.  of  the  univerfi- 
ties  ; for  its  author  profeffed  to  confider  languages, 
fciences,  and  the  ornamental  exercifes,  as  mere  acceffo- 
ries,  his  aim  being  to  form  the  young  mind  to  the  love 
of  mankind  and  of  virtue,  by  a courfe  of  moral  educa- 
tion certainly  fpecious,  and  apparently  unexceptionable. 

To  make  this  novel  inftitution  the  more  extenfively  ufe- 
ful,  the  rules  by  which  the  education  was  to  be  con- 
duded  were  framed  in  fuch  a manner  as,  it  was  thought, 
would  remove  from  the  minds  of  Catholics,  Lutherans, 
and  Calvinifts,  all  uneafinefs  refpeding  the  faith  of  their 
children,  as  it  related  to  thofe  particular  tenets  which 
feparated  them  into  different  communions.  It  was  even 
propofed  to  banilh  from  the  philanthropine  2W  pojitive 
religion  whatever,  and  to  inftrud  the  youth  educated 
there  in  the  principles  only  of  natural,  or,  as  it  was 
called,  philofophical  religion. 

This  plan  was  peculiarly  fuited  to  Bahrdt’s  tafte,  be- 
caufe  it  left  him  at  liberty  to  introduce  into  his  academy 
any  fyftem  of  religious  or  irreligious  opinions  that  lie 
pleafed  ; a liberty  of  which  he  refolved  to  avail  himfelf, 
and,  though  now  a dodor  in  theology,  to  outftrip,  in 
licentioufnefs,  even  the  founder  of  the  philanthropine, 
who  was  not  in  orders.  By  meditating  on  the  work- 
ings of  his  own  mind,  he  had  by  this  time  formed  his 
theory  of  human  nature,  w^hich  was  indeed  very  fimple. 

“ The  leading  propenfities  of  the  human  mind  (he  fays) 
are  three ; inftindive  liberty,  inftindive  adivity,  and 
inftindive  love.”  By  thefe  expreffions  we  fuppofe  he 
means,  “ innate  love  of  liberty,  inftind  prompting  to 
adion,  and  the  fexual  appetite and  he  immediately 
adds,  that  “ if  a man  is  obftruded  in  the  gratification 
of  any  of  thefe  propenfities,  he  fuffers  an  injury.  The 
bufinefs  therefore  of  a good  education  is  to  teach  us 
how  they  are  to  be  gratified  in  the  higheft  degree.” 

That  fuch  an  education  would  be  approved  of  by  the 
uncorrupted  natives  of  Switzerland  was  hardly  to  be 
expeded ; and  Bahrdt  foon  found  his  fituation  at 
Marfchlins  as  uncomfortable  as  it  had  been  at  Gieffen. 

“ The  Grifons  (he  fays)  were  a ftrong  inftance  of  the 
immenfe  importance  of  education.  They  knew  nothing 
but  their  handicrafts ; and  their  minds  were  as  coarfe 
as  their  perfons.”  He  quarrelled  with  them  all,  and 
was  obliged  to  abfeond  after  lying  foihe  time  in  prifon. 

From  Marfchlins  he  went  to  Durkheim,  a town  in 
the  palatinate,  where  his  father  had  been  minifter,  and 
where  his  literary  talents  were  well  known.  After  fome 
little  time  he  got  an  affociation  formed  for  ereding  and 
fupporting  a Philanthropine  or  houfe  of  education.  A 
large  fund  was  colleded  ; and  he  was  enabled  to  travel 
into  Holland  and  England  to  engage  pupils,  and  was 
furniftied  with  proper  recommendations. 

In  London  he  gained  the  friendfhip  of  a clergyman, 
whom  he  reprefents  as  a perfon  in  the  higheft  degree 
accomplifiied.  “ With  found  judgment  (fays  Bahrdt), 
great  genius,  and  corred  tafte,  he  was  perfedly  a man 
of  the  world.  He  was  my  friend,  and  the  only  perfon 
who  warmly  Interefted  himfelf  for  my  inftitution.  To 
his  earneft  and  repeated  recommendations  I owe  all  the 
pupils  that  I got  in  England,  and  many  moft  refped- 
able  connedions ; for  he  was  univerfally  efteemed  as  a 
man  of  learning  and  of  the  moft  unblerailhed  charader. 

He  was  my  friend,  my  condudor,  and  I may  fay  my 

preferver  j 
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Bahrdt.  prefei’ver ; for  when  I had  not  bread  for  two  days,  he 
took  me  to  his  houfe,  and  fupplied  all  niy  wants.” 

For  fo  much  kindnefs  the  reader  doiibtlefs  fuppofes 
that  the  heart  of  Bahrdt  overflowed  with  gratitude  ; 
but  if  fuch  be  his  opinion,  he  is  a flranger  to  the  prin- 
ciples of  thofe  who  have  on  the  continent  of  Europe 
alTociated  for  the  purpofe  of  enlightening  the  world. 
This  amiable  man,  whofe  charadter  is  here  fo  juftly 
drawn,  was  afterwards  depidted  by  the  monfter  whom 
he  had  faved  from  periflring  by  hunger,  as  a wretch  loft 
to  all  fenfe  of  fhame  and  decency,  as  an  apoftate  from 
the  Chriftian  faith,  and  as  a notorious  frequenter  of  the 
London  brothels ! Fortunately  he  was  able  to  vindicate 
his  charadter  completely  from  this  flanderous  abufe,  and 
to  convidt  Bahrdt  of  having  publiflied  what  could  7iot 
pojjlbly  be  true. 

This  ungrateful  liar  returned  from  England,  and  car- 
ried into  execution  his  plan  of  the  Philanthropine.  The 
caftle  of  Count  Leining  Hartzburgh  at  Heidefheim, 
having  gardens,  park,  and  every  handfome  accommo- 
dation, had  been  fitted  up  for  it ; and  in  1778  it  was 
confecrated  by  a folemn  religious  feftival.  But  his  old 
misfortunes  purfued  him.  He  had  indeed  no  colleagues 
with  whom  he  could  quarrel ; but  his  avo^xed  publica- 
tions became  every  day  more  obnoxious ; and  when  any 
of  his  anonymous  pieces  had  a great  run,  he  could  not  fo 
far  ftifle  his  vanity  as  to  conceal  that  he  was  the  au- 
thor. Of  thefe  pieces  fome  were  Blocking  to  decency, 
and  others  fo  horribly  injurious  to  the  charadlers  of  the 
molt  refpedtable  men  in  the  ftate,  that  he  w’^as  conti- 
nually under  the  corredtion  of  the  courts  of  juftice.  It 
was  hardly  poflible  for  a man  of  letters  to  be  in  his 
company,  and  not  fuffer  by  it;  for  it  was  his  conftant 
pradtice  to  attribute  every  ftep  which  he  took  towards 
atheifm,  to  the  force  of  the  arguments  urged  by  fome 
of  his  friends. 

To  be  his  friend,  or  to  obtain  his  applaufe,  was  in- 
deed fo  great  a misfortune,  that  when  the  reader  fees 
any  perfon  celebrated  by  Dr  Bahrdt,  in  the  beginning 
of  a book,  for  found  fenfe,  profound  judgment,  accurate 
reafoning,  or  praifed  for  adts  of  friendfhip  to  himfelf, 
he  may  be  aflured,  that  before  the  clofe  of  the  book 
this  man  fhall  be  reprefented  as  having  in  private  con- 
verfation  convinced  the  author,  that  fome  dodirine,  che- 
riftied  and  venerated  by  all  Chriftians,  is  a piece  of  kna- 
vifli  fuperftition. 

Dr  Bahrdt  had  married,  while  at  GielTen,  a woman 
with  a fmall  fortune  : but  fuch  a ftranger  was  he  to  the 
delicacies  of  w’edded  love,  fo  loft  indeed  to  all  fenfe  of 
decency,  that  he  contrived  one  day  to  entice  his  wufe 
naked  into  the  bath  in  the  garden  of  his  Philanthropine, 
where,  in  the  water,  he,  being  alfo  naked,  toyed  with 
her  in  the  fight  of  all  his  pupils.  It  was  his  boaft  that 
he  held  his  opinions  independent  of  all  mankind,  and 
was  indifferent  whether  they  procured  him  praife  or  re- 
proach : but  it  appears  from  this  fact,  that  he  was, 
equally  regardlefs  of  the  praife  or  cenfure  which  might 
be  attached  to  his  aftions ; for  furely  the  groffeft  hog 
that  ever  before  him  battened  in  the  Epicurean  fty 
would  not  have  prefented  fuch  an  exhibition  to  boys. 

The  confequence  of  all  this  was,  that  he  was  obliged 
to  fly  from  Heidefheim,  leaving  hisfureties  in  the  Phi- 
lanthropine to  pay  about  14,000  dahlers,  befides  debts 
without  number  to  his  friends.  He  was  imprifoned  at 
Dienheim  j but  being  foon  releafed,  he  fettled  at  Halle, 


where  he  funk  to  be  the  keeper  of  a tavern  and  billiard- 
table.  His  houfe  became  of  courfe  the  refort  and  the 
bane  of  the  ftudents  in  the  univerfity,  and  he  was  obli- 
ged to  leave  the  city.  He  had  fome  how  got  money 
fuflScient  to  purchafe  a little  vineyard,  pleafantly  fitua- 
ted  in  the  neighbourhood.  This  he  fitted  up  with 
every  accommodation  that  could  invite  the  ftudents, 
and  called  it  Bahrdt’ s Ruhe  (Bahrdt’s  repofe)  where 
he  lived  for  two  years,  directing  the  operations  of  a fe- 
cret  fociety  called  the  German  Union,  for  rooting 
OUT  Superstition  and  Prejudices,  and  for  advan- 
cing TRUE  Christianity. 

With  Bahrdt’s  qualifications  for  advancing  the  inte- 
refts  of  genuine  Chriftianity,  the  Chriftian  reader  is  al- 
ready fufficiently  acquainted  ; but  he  will  not  wonder 
at  his  appointment  to  this  high  office,  when  he  is  in- 
formed that  the  German  Union  is  nothing  more  than 
a fpawn  of  the  fecret  fociety  of  Illuminati  (fee  Illu- 
minati in  this  Supplement)  ; and  that  its  objeff  is  to 
abolilh  the  religion  of  the  gofpel,  and  to  teach  in  its 
ftead  the  fatalifm  of  the  Stoics.  With  this  view  Chri- 
ftianity is  confidered  in  the  union  as  a myftical  fociety, 
and  its  Divine  Founder  as  the  grand  mafter  of  a lodge  ! 
The  apoftles  Peter,  James,  John,  and  Andrew,  were  the 
ELECT,  brethren  of  the  third  degree,  and  initiated  into 
all  the  myfteries.  The  remaining  apoftles  were  only  of 
the  fecond  degree;  and  the  feventy-two,  of  the  firjl : a 
degree  into  which  ordinary  Chriftians  may  be  admitted, 
and  prepared  for  farther  advancement.  The  great  my- 

ftery  is,  that  J C was  a naturalist,  and 

taught  the  dodfrine  of  a fuprerae  mind,  the  fpedhator 
but  not  the  governor  of  the  world. 

To  propagate  thefe  impious  and  abfurd  notions, 
Bahrdt  publilhed  many  books  of  the  moft  antichriftian 
tendency,  and  fome  of  them  calculated  to  make  their 
readers  fhake  off  all  moral  obligation.  But  the  labours 
of  the  fociety  were  not  confined  to  religion : it  incul- 
cated on  its  members  the  moft  dangerous  maxims  of  ci- 
vil condudf  : for,  as  we  learn  from  Bahrdt  himfelf,  the 
objedls  at  which  the  Union  aimed  were — Advancement 
of fcience — a general  interejl  and  concern  for  arts  and  learn- 
ing — excitement  of  talents — check  of  fribbling — good  edu- 
cation  LIBERTY EQUALITY hofpituUty DELIV  ERY 

OF  MANY  FROM  MISFORTUNES — unton  of  the  learned — 
and  at  lafi — perhaps — Amen. 

What  th®  meaning  of  this  enigmatical  conclufion  is 
we  can  only  guefs ; and  we  agree  with  the  real  philofo- 
pher  from  whom  we  have  taken  this  account,  that  our 
conjectures  cannot  be  favourable.  Bahrdt  was  a villain, 
and  could  be  affociated  only  with  villains,  whofe  affairs 
he  managed  with  the  help  of  an  old  man,  who  lived  at 
bed  and  board  in  his  houfe  for  about  fix  (hillings  a week, 
and  difeharged  the  office  of  fecretary  to  the  Union. 

When  he  had  toiled  in  this  caufe  near  two  years, 
fome  of  thefecrets  of  the  Union  tranfpired  ; his  former 
conduct  and  his  conftant  imprudence  made  him  fufpeCt- 
ed  ; his  affociated  friends  lodged  informations  againft 
him ; his  papers  were  feized  ; and  he  himfelf  was  lent 
to  prifon,  firft  at  Halle  and  then  at  Magdeburg.  After 
fomething  more  than  a year’s  confinement,  he  was  fet 
at  liberty,  and  returned  to  his  Ruhe,  not,  alas  I to  live 
at  eafe,  or  to  exhibit  fymptoms  of  repentance,  but  to 
lie  down  on  a fick-bed,  where,  after  many  months  fuf- 
fering  of  inereafiug  pain,  he  died  on  the  23d  of  April 


Bahrdt. 
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Baintftown  unaffected  ; and  during  his  magiftracy  he  fpent  a part  of 
II  his  fortune  in  relieving  the  wants  of  the  poor.  His 
Bald  Eagle  yjj-tue  remained  as  untainted  in  his  various  public  ila' 
tions  as  in  the  fweet  retirement  of  domeftic  life. 

Such  is  the  encomium  paffed  upon  this  philofopher 
and  ftatefman  by  no  lefs  a man  than  the  celebrated  af- 
tronomer  M.  de  la  Lande  ; but  to  thofe  who  are  not 
infeded  with  the  mania  of  freedom,  it  will  doubtlefs  ap- 
pear greatly  exaggerated.  That  M.  Bailly  was  a man  of 
eminence  in  the  republic  of  letters,  is  known  to  all  the 
learned  of  Europe ; that  in  his  political  condud  he 
meant  to  promote  the-good  of  his  country,  it  would  cer- 
tainly be  prefumptuous  in  us  to  deny  ; and  that  he  fuf- 
fered  unjuflly,  is  incontrovertible:  But  let  it  be  re- 
membered, that  he  fuffered  in  a ftorm,  which  he  exerted 
all  his  abilities  to  raife  ; and  that  he  fet  an  example  of 
injuftice,  when  he  concurred  in  the  degradation  of  the 
privileged  orders,  and  in  the  violent  confifcation  of  the 
property  of  the  church. 

BAIRDSTOWN,  or  Beardfiomon,  in  Nelfon  co. 
Kentucky,  is  a flourifhing  town,  of  216  inhabitants, 
fituated  on  the  head  waters  of  Salt  river,  50  miles  S. 
E.  from  Louifviile,  and  nearly  the  fame  diftance  S. 
W.  from  Danville. — Morse. 

BAKERSFIELD,  a newly  fettled  townfhip  in 
Franklin  co.  Vermont,  formerly  in  Chittenden  co.  In 
5790  it  had  only  13  inhabitants. — ib. 

BAKERSTOWN,  in  Cumberland  co.  Diftrid  of 
Maine,  contains  1276  inhabitants;  162  miles  N.  E. 
from  Bofton. — ib. 

BALD  EAGLE,  or  Warrior  Mountains,  lie  about 
200  miles  W.  of  Philadelphia,  in  Bedford  co.  Penn- 
fylvania,  and  forms  the  weftern  boundary  of  Bald 
Eagle  Valley. 

Bald  Eagle  is  likewife  the  name  of  a river  which 
runs  a N.  E.  courfe  44  miles  and  falls  into  the  W. 
branch  of  Sufquehanna  River.  The  head  water  of  Hu- 
ron River  which  falls  into  Lake  Erie,  is  called  Bald 
Eagle  Creek. — ib. 

BALD  EAGLE  VALLEY,  or,  as  it  is  common- 
ly called.  Sinking  Spring  Valley,  lies  upon  the  fron- 
tiers of  Bedford  co.  in  Pennfylvania,  about  200  miles 
W.  from  Philadelphia.  It  has  on  the  E.  a chain  of 
high,  rugged  mountains,  called  the  Canoe  Ridge,  and  on 
the  W.  the  Bald  Eagle,  or  Warrior  Mountains.  This 
is  a pleafant  vale,  of  limeftone  bottom,  5 miles  in  ex- 
tent where  vvidefl ; and  in  the  vicinity  are  great  quan- 
tities of  lead  ore.  It  contained,  in  1779,  about  60 
or  70  families,  living  in  log-houfes,  who  formed,  in 
the  fpace  of  7 or  8 years,  feveral  valuable  planta- 
tions, fome  of  which  are  remarkably  agreeable  on 
account  of  their  fituation. 

During  the  late  war  with  Great  Britain,  lead  was 
much  wanted,  and  very  difficult  to  be  procured, 
which  induced  a company,  under  the  promifes  of  the 
hate,  to  fettle  here,  and  eflablilh  a regular  fet  of 
works.  A fort  of  logs  was  eredled  for  the  protedlion 
of  the  miners  ; and  a confiderable  quantity  of  ore 
was  produced,  from  which  lead  enough  was  made, 
to  give  a competent  idea  of  the  real  value  of  the  mines 
in  general.  The  danger  of  the  fituation,  however, 
while  an  Indian  w'ar  continued,  occafioned  the  failure 
of  the  undertaking. 

The  lead  ore  was  of  many  kinds  ; fome  in  broad 
flakes,  and  others  of  the  fteely  texture.  Several  re- 


gular fhafts  were  funk  to  a confiderable  depth  ; one  Bald  Eagle 
of  which  was  on  the  hill,  upon  which  the  fort  was  Valley 
eredted,  and  from  which  many  large  maffes  of  ore  Ij 
were  procured  ; but,  not  forming  a regular  vein,  it 
was  difcontinued,  and  another  opened  about  a mile 
from  the  fort,  nearer  to  Frank’s  Town.  Here'  the 
miners  continued  until  they  finally  relinquifiied  the 
bufinefs.  When  they  firft  began,  they  found  in  the 
upper  furface  or  vegetable  earth,  feveral  hundred 
weight  of  cubic  lead  ore,  clean  and  unmixed  with 
any  fubftance  whatever,  which  continued  as  a clue, 
leading  them  down  through  the  different  ftrata  of 
earth,  marl,  &c.  until  they  came  to  the  rock,  w'hich 
is  here  in  general  of  the  limeftone  kind. 

Among  other  curiofitles  of  this  place,  is  that  call- 
ed the  Swallows,  which  abforb  feveral  of  the  largefl; 
ftreams  of  the  valley,  and  after  conveying  them  fe- 
veral miles  under  ground,  in  a fubterraneous  courfe, 
return  them  again  upon  the  furface.  Thefe  fubterra- 
neous paffages  have  given  rife  to  the  name.  Sinking 
Spring  Valley.  Of  thefe  the  moft  remarkable  is  called 
the  Arch  Springs,  and  run  clofe  upon  the  road  from  the 
town  to  the  fort.  It  is  a deep  hollow,  formed  in  the 
limeftone-rock,  about  30  feet  wide,  with  a rude  natural 
ftone  arch  hanging  over  it,  forming  a paffage  for  the 
water,  which  it  throws  out  with  fome  degree  of  vio- 
lence, and  in  fuch  plenty  as  to  form  a fine  ftream, 
which  at  length  buries  itfelf  again  in  the  bowels  of  the 
earth.  Some  of  thefe  pits  are  near  300  feet  deep  ; the 
water  at  the  bottom  feems  in  rapid  motion ; and  is  ap- 
parently as  black  as  ink  ; though  it  is  as  pure  as  the 
fineft  fprings  can  produce.  Many  of  thefe  pits  are 
placed  along  the  courfe  of  this  fubterraneous  river, 
which  foon  after  takes  an  opportunity  of  an  opening 
at  a declivity  of  the  ground,  and  keeps  along  the  fur- 
face among  the  rocky  hills  for  a few  rods,  then  enters 
the  mouth  of  a large  cave,  whofe  exterior  aperture 
would  be  fufficient  to  admit  a fhallop  with  her  fails  full 
fpread.  In  the  infide  it  keeps  from  18  to  20  feet  wide.. 

The  roof  declines  as  you  advance,  and  a ledge  of 
loofe,  rugged  rocks,  keeps  in  tolerable  order,  on  one 
fide,  affording  means  to  fcramble  along.  In  the  midft; 
of  this  cave  is  much  timber,  bodies  of  trees,  branches, 

&c.  which  being  lodged  up  to  the  roof  of  this  paffage, 
fliews  that  the  water  is  fwelled  up  to  the  very  top  dur- 
ing frefhes.  This  opening  in  the  hill  continues  about 
400  yards,  when  the  cave  widens,  after  you  have  got 
round  a fudden  turning  (which  prevents  its  being  dif- 
covered  till  you  are  within  it)  into  a fpacious  room,  at 
the  bottom  of  which  is  a,  vortex,  the  water  that  falls 
into  it  whirling  round  with  amazing  force  ; flicks,  or 
even  pieces  of  timber,  are  immediately  abforbed,  and 
carried  out  of  fight,  the  water  boiling  up  with  excef- 
five  violence,  which  fubfides  by  degrees,  until  the  e.x- 
periment  is  renewed. 

From  the  top  of  the  Bald  Eagle  Mountains  is  a fine 
profpeff  of  thofe  of  the  Allegany,  ftretching  along 
until  they  feem  to  meet  the  clouds.  Much  Hate  is 
found  here,  with  ftrong  figns  of  pit  coal.  Such  as 
vifit  thefe  parts  muft  crofs  the  Juniata  river  3 or  4. 
times  from  Standing  Stone  or  Huntington,  to  the  fort ; 
from  which  it  is  computed  to  be  about  22  miles  diL 
tance. — ib. 

BALIOL  (John),  the  competitor  with  Bruce  for 
the  crown  of  Scotland,  was  not  (as  he  is  faid  to  have 

been 
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Balliftic  been  in  the  Encyclopedia)  the  brother  of  King  Alex- 
11  ANDER,  but  the  great  grandfon  of  David  Earl  of  Hun- 
tington,  third  fon  of  King  David  I. 

BALLISTIC  Pendulum,  an  ingenious  machine 
invented  by  Benjamin  Robins,  for  afcortaining  the  velo- 
city of  military  projedtiles,  and  confequendy  the  force 
of  fired  gunpowder.  It  confifts  of  a large  block  of 
w’ood,  annexed  to  the  end  of  a ftrong  iron  ftem,  having 
a crofs  Reel  axis  at  the  other  end,  placed  horizontally, 
about  which  the  whole  vibrates  together  like  the  pen- 
dulum of  a clock.  The  machine  being  at  reft,  a piece 
Huttons  of  ordnance  is  pointed  ftraight  towards  the  wooden 
Inaionary.  i^io^k  or  ball  of  this  pendulum,  and  then  difcharged  ; 

the  confequence  is  this ; the  ball  difcharged  from  the 
gun  ftrikes  and  enters  the  block,  and  caules  the  pendu- 
lum to  vibrate  more  or  lefs  according  to  the  velocity  of 
the  projedHle  or  the  force  of  the  blow  ; and  by  obferv- 
ing  the  extent  of  the  vibration,  the  force  of  that  blow 
becomes  known,  or  the  greateft  velocity  with  which  the 
block  Is  moved  out  of  its  place,  and  confequently  the 
velocity  of  the  projedtile  itfelf  w’hich  ftruck  the  blow 
and  urged  the  pendulum. 

BALTIMORE  Co.  in  Maryland,  lies  between 
Patapfco  and  Gunpowder  rivers,  the  former  dividing 
it  from  Ann  Arundel  co.  on  the  S.  and  S.  W.  Gun- 
powder and  Little  Gunpowder  feparating  it  from  Har- 
ford CO.  on  the  E.  and  N.  E.  It  has  Frederick  co. 
on  the  W,  and  N.  W.  Pennfylvania  on  the  N.  and 
Chefapeak  Bay  on  the  S.  E.  Befidcs  the  rivers  which 
bound  it,  and  their  branches,  this  county  has  Back  and 
Middle  rivers,  between  the  two  former,  but  they  are 
rather  arms  of  Chefapeak  bay,  than  rivers.  Back  river, 
4 or  5 miles  E.  of  Patapfco,  receives  two  fmall 
Itreams ; the  N.  wefternmoft  is  called  Herring  Run. 
Middle  river  has  little  or  no  fupply  of  frefti  water. 
There  are  numerous  iron  works  in  this  county  ; and 
it  contains  25,434  inhabitants,  including  5,877  flaves. 
Its  chief  town  is  Baltimore. — Morse. 

Baltimore,  (SeeEncycl.)  From  the  head  of  Elk 
river  at  the  head  of  the  bay  to  Baltimore,  is  about  60 
miles.  The  town  is  built  around  what  is  called  the 
bafon,  reckoned  one  of  the  fineft  harbors  in  America. 
The  water  rifes  5 or  6 feet  at  common  tides.  It  is 
divided  into  what  is  called  the  town  and  Fell’s  Point, 
by  a creek  ; over  which  are  two  bridges : but  the 
houfes  extend,  in  an  irregular  manner,  from  the  one 
to  the  other.  At  Fell’s  Point  the  water  is  deep 
enough  for  ftilps  of  burden,  but  fmall  veflels  only  go 
up  to  the  town. 

The  fituatlon  is  low,  and  was  formerly  thought 
unhealthy,  but,  by  its  rapid  increafe,  improvements 
have  taken  place,  which  have  corredled  the  dampnefs 
of  the  air,  and  it  is  now  judged  to  be  tolerably  healthy. 
In  1787,  it  contained  1955  dwelling  houfes;  of 
which  1200  were  in  the  town,  and  the  reft  at  Fell’s 
Point.  It  then  contained  152  ftores.  The  number  of 
the  inhabitants  of  the  town  and  precinfts.  In  1791, 
were  13,503,  including  1,255  Haves.  The  number  of 
houfes  and  inhabitants  have  been  greatly  increafed 
fuice. 

Before  the  emigration  of  the  French  people  from 
Cape  Frangois  and  other  iflands,  the  houfes  had  in- 
creafed to  2,300.  Thofe  unfortunate  people,  flying 
iiom  their  mercilefs  countrymen,  wdio  had  burned  and 
pillaged  their  cities  and  towns,  and  murdered  their 


relations  and  friends,  found  here  an  hofpitable  n''yluni, 
after  fuiFerings  hardly  paralleled  in  the  annals  of  hif- 
tory. 

Here  are  9 places  of  public  worfliip,  which  belong 
to  Roman  Catholics,  German  Calvinifts  and  Luther- 
ans, Epifcopalians,  Prelbyterians,  Baptifts,  Metho- 
difts,  C^akers,  and  Nicolites,  or  New  Cluakers,  who 
all  live  together  in  peace.  It  is  inhabited  by  people 
from  moft  parts  of  Europe.  The  principal  ftreet  is 
Market  Street,  which  runs  nearly  E.  and  W.  a mile  in 
length,  parallel  with  the  water.  This  is  crofted  by  n 
number  of  other  ftreets,  which  run  from  the  water;  a 
number  of  which,  particularly  Calvert  and  Gay  ftreets, 
are  well  built.  N.  and  E.  of  the  town,  the  land  rifes, 
and  prefents  a noble  view  of  the  town  and  bay.  In 
1790,  this  city  owned  27  fhips,  1 fnow,  31  brigan- 
tines, 34fchooners,  and  9 floops — Total  102  ; tonnage 
^3*564.  The  exports  in  the  feme  jear  amounted  to 
2,027,770,  and  the  imports  to  1,945,899  dollars. 
The  exports  in  July,  Auguft,  and  Sept,  in  1790, 
amounted  only  to  343,584  dollars;  but  in  thefe 
months  In  1795,  they  amounted  to  1,675,748  dollars. 
The  affairs  ot  the  town  are  managed  by  a board  of 
town  commiflioners,  a board  of  fpecial  coromiffioners, 
and  a board  of  wardens ; the  firft  board  fills  its  own 
vacancies,  and  is  perpetual ; the  two  laft  are  appoint- 
ed by  eleftors,  chofen  every  5th  year  by  the  citizens. 
It  is  53  miles  S.  W.  from  Elktown,  176  N.  E.  from 
Richmond  in  Virginia ; 50  N.  E.  from  the  city  of 
Wafhington,  and  103  S.  W.  from  Philadelphia.  N. 
lat.  39.  21.  W.  long.  77.  48. — il). 

BANGOR,  a townlhip  in  Hancock  co.  DIftrlft  of 
Main,  on  the  weftern  fide  of  Penobfeot  river,  25  miles 
from  its  mouth  at  Belfaft  Bay ; 65  N.  W.  by  W. 
from  Machias  ; 63  N,  E.  from  Hailowell,  and  280 
N.  E.  from  Bofton. — /L 

BANKA  (fee  Banca,  Encycl ) Is  noted  throughout 
Afia  for  its  tin  mines.  It  lies  oppofite  to  the  river  Palam- 
bang,  in  the  ifland  of  Sumatra,  on  which  the  fovereign  of 
Banka,  poflefTor  alfo  of  the  territory  of  Palambang,  keeps 
his  conftant  refidence.  This  prince  maintains  his  autho- 
rity over  his  own  fubjedts,  and  his  independence  of  the 
neighbouring  fovereigns,  chiefly  by  the  aftiftance  of  the 
Dutch,  who  have  a fettlement  and  troops  at  Palambang, 
and  enjoy  the  benefit  of  a contradt  with  the  king  of 
Banka  for  the  tin  which  his  fubjedts  procure  from  that 
ifland.  Such  at  leaft  was  the  cafe  in  1793,  when  Lord 
Macartney  touched  at  Banka  on  his  way  to  China.  At 
that  period  the  fovereign  compelled  his  fubjedls,  and 
probably  does  fo  at  preient,  to  deliver  the  tin  to  him  at 
a low  price,  and  fold  it  to  the  Dutch  at  a fmall  advance, 
purfuant  to  his  contradl.  Thofe  miners,  from  long 
pradtice,  have  arrived  at  great  perfedlion  in  reducing 
the  ore  into  metal,  employing  wood  as  fuel  in  their  fur- 
naces, and  not  fofllle  coal,  or  coak,  which  is  feldom  fo 
free  from  fulphur,  as  not  to  affedl  the  malleability  of  the 
metal.  It  is  fometimes  preferred  therefore  to  European 
tin  at  the  Canton  market;  and  the  profit  upon  it  to  the 
Dutch  company  was,  at  the  period  mentioned  above, 
fuppofed  to  have  long  been  not  lefs  than  L.  150,000 
a year.  Into  whofe  hands  this  trade  has  now  fallen  we 
know  not ; probably  it  is  in  a great  degree  negledted. 

BANTAM,  the  capital  of  a kingdom  of  the  fame 
name  in  the  ifland  of  Java,  is,  in  the  Encyclopedia,  faid 
to  be  a large  town  with  a good  harbour  and  fortified 
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Bantam  caftle.  Sir  George  Staunton,  however,  who  vifited 
II  Bantam  fmce  that  article  was  publiflied,  gives  a very 
• different  account  both  of  the  town  and  of  its  harbour. 
Once  indeed  it  was  a place  ofconfiderable  confequence, 
being  the  great  mait  for  pepper  and  other  fpices, 
whence  they  were  diftributed  to  the  reft  of  the  world. 
The  chief  fadfory  of  the  Englifti  as  well  as  Dutch  Eaft 
India  Company  was  fettled  there.  The  merchants  of 
Arabia  and  Hindoftan  reforted  to  it.  Its  fovereigns 
were  fo  defirous  of  encouraging  trade,  by  giving  fecu- 
rity  to  foreign  merchants  againft  the  violent  and  re- 
vengeful dilpofition  of  the  natives,  that  the  crime  of 
murder  was  never  pardoned  when  committed  againft  a 
ftranger,  but  might  be  committed  by  a foreigner  for 
a fine  to  the  relations  of  the  deceafed.  This  place  flou- 
rifhed  for  a confiderable  time;  but  the  Dutch  having 
conquered  the  neighbouring  province  of  Jacatra,  where 
they  fince  have  built  Batavia,  and  transferred  their  prin- 
cipal bufinefs  to  it,  and  the  Englifh  having  removed  to 
Hindoftan  and  China,  and  trade  in  other  refpedls  hav- 
ing taken  a new  courfe.  Bantam  was  reduced  to  a poor 
remnant  of  its  former  opulence  and  importance.  Other 
circumftances  have  accelerated  its  decline.  The  bay  is 
fo  choked  up  with  daily  acceffions  of  new  earth  wafhed 
dowm  from  the  mountains,  as  well  as  by  coral  ftioals  ex- 
tending a confiderable  way  to  the  eaftward,  that  it  is  in- 
accefllble  at  prefent  to  veffels  of  burden  ; even  the  par- 
ty who  went  there  from  the  Lion,  the  fhip  which  car- 
ried Lord  Macartney  to  China,  was  obliged  to  remove 
from  her  pinnace  into  a canoe,  in  order  to  reach  the 
town.  With  the  trade  of  Bantam  the  power  of  its 
fovereign  declined.  In  his  wars  with  other  princes  of 
Java  he  called  in  the  affittance  of  the  Dutch  ; and  from 
that  period  he  became  in  fadt  their  captive.  He  refides 
in  a palace,  built  in  the  European  ftyle,  with  a fort  gar- 
rifoned  by  a detachment  from  Batavia,  of  which  the 
commander  takes  his  orders  not  from  the  king  of  Ban- 
tam, but  from  a Dutch  chief  or  governor,  who  lives  in 
another  fort  adjoining  the  town,  and  nearer  to  the  fea- 
fide.  His  Bantamefe  majefty  is  allowed,  how'^ever,  to 
maintain  a body  of  native  troops,  and  has  feveral  fmall 
armed  velfels,  by  means  of  which  he  maintains  authority 
over  fome  parts  of  the  fouth  of  Sumatra.  His  fubjedts 
are  obliged  to  fell  to  him  all  the  pepper  they  raile  in 
either  illand,  at  a low  price,  which  he  is  under  contradl 
with  the  Dutch  to  deliver  to  them  at  a fmall  advance, 
and  much  under  the  marketable  value  of  that  commo- 
dity. The  prefent  king  joins  the  fpiritual  to  the  tem- 
poral power,  and  is  high  prieft  of  the  religion  of  Maho- 
met ; with  which  he  mingles,  indeed,  fome  of  the  rites 
and  fnperftitions  of  the  aboriginal  inhabitants  of  Java  ; 
adoring,  for  inftance,  the  great  banyan,  or  Indian  fig- 
tree,  which  is  likewife  held  facred  in  Hindoftan,  and 
under  which  religious  rites  might  be  conveniently  per- 
formed ; in  like  manner,  as  all  affairs  of  ftate  are  adtual- 
ly  tranfadled  by  the  Bantamefe  under  fome  fhadowing 
tree  by  moonlight.  To  complete  the  ruin  of  Bantam, 
a fire  fome  time  ago  deftroyed  moft  of  the  houfes,  and 
few  have  been  fmce  rebuilt. 

BANYAN  TREE,  See  Ficus,  Encycl. 

British  BARILLA,  is  the  name  given  by  Mr 
James  King  of  Ncwcaftle  upon  Tyne,  to  a material  in- 
vented by  him  to  fupply  the  place  of  Spanifh  barilla  in 
the  making  of  crown  window-glafs,  broad  window-glafs, 
and  glaf)  bottles,  as  alfo  in  the  manufadluring  of  foap 


and  alum.  For  thefe  purpofes  he  affirmed  that  It  an-  Barilla 
fwered  much  better  than  any  other  material  then  in  II 
ufe  ; and  in  confequence  of  that  affirmation  he  obtain- 
ed  a patent  for  his  invention,  dated  March  4,  1780. 

Though  we  can  hardly  allow  to  this  invention  all  the 
merit  claimed  for  it  by  its  fond  author,  yet  as  It  may  be 
of  ufe  to  different  manufadurers,  we  ffiall  lay  before 
our  readers  his  method  of  making  the  Brltifti  barilla. 

It  Is  as  follows  : “ Take  a certain  quantity  of  affies  ob- 
tained by  burning  the  loppings  or  branches  of  afh,  oak, 
beech,  elm,  alder,  or  any  other  kind  of  green  wood  or 
bramble  : Take  an  equal  quantity  of  the  allies  obtained 
by  burning  the  green  vegetables  known  by  the  name  of 
fern,  brecon,  bean  and  pea-ftraw,  whins,  common  field 
and  high-way  thiftles,  the  ftalks  of  rape  or  muftard- 
feed,  or  the  bent  or  ruflies  that  grow  by  the  fea  fhore.” 
Though  we  know  not  in  what  qualities  the  alhes  ob- 
tained from  the  former  fubftances  differ  from  thofe  ob- 
tained from  the  latter,  the  author,  as  if  the  difference 
was  very  great,  dire<5ts  thefe  equal  quantities  to  be  mix- 
ed together,  fifted  through  a fine  fieve,  and  laid  upon  a 
boarded  floor,  where  a quantity  of  foapers  wafte-alhes, 
equal  to  the  whole  compound  mafs,  is  to  be  added  to  it, 
and  well  mixed  with  it  by  means  of  a ftiovel  or  other 
inftrument.  To  this  mixture  of  vegetable  alhes  and 
foapers  wafte-alhes  Is  to  be  added  a quantity  of  fine 
quick-lime,  in  the  proportion  of  one  hundred  weight  to 
twelve  hundred  of  the  blended  alhes,  and  the  lime  and 
alhes  are  to  be  well  mixed  together.  After  this  the 
whole  is  to  be  put  into  an  iron  pan,  into  which  is  to  be 
poured  a quantity  of  fea  water  fufficient,  fays  the  au- 
thor, to  dilTolve  the  afhes  and  lime  ; and  the  whole  is 
to  be  ftirred  with  an  iron  rake  till  it  incorporate.  This 
being  done,  a coal  fire  is  to  be  lighted  up  under  the 
pan,  and  kept  burning  for  two  days  and  two  nights  with- 
out intermiffion,  additional  quantities  of  fea  water  being 
conftantly  fuppllcd  to  impregnate  the  materials  with  fa- 
line  matter  fufficient  for  calcination  In  a reverberating 
furnace  or  calcar.  In  this  calcar  the  faline  mafs,  which 
was  boiled  in  the  pan,  is  by  Intenfe  heat  to  be  dilTolved, 
and  kept  in  a ftate  of  fufion  for  the  fp.ace  of  an  hour  ; 
during  which  time  the  volatile  part  flies  off,  and  leaves 
remaining  a fixed  alkaline  fait,  which,  cooled  in  iron 
pans,  is  the  Britilh  barilla,  and  has  the  appearance  of 
Spanilh  barilla.  See  Barilla,  Encycl. 

BARNEGAT,  the  name  of  a fmall  village  of  8 or 
10  houfes,  on  the  eaft  bank  of  Hudfon  river,  5 miles 
S.  of  Poughkeepfie,  and  75  N.  of  N.  York.  The  foie 
bufinefs  of  the  few  inhabitants  of  this  place,  is  burning 
lime,  from  the  vaft  quantities  of  lime  ftone  which  are 
found  here.  Their  lime  is  marketed  in  N.  York,  whi- 
ther they  carry  it  in  great  quantities  annually, — Morse. 

BARNET,  a townihip  in  Caledonia  co.  Vermont, 
formerly  in  Orange  co.  containing  477  inhabitants, 
and  1 12  miles  N.  E.  from  Bennington.  The  lower 
bar  of  the  15  mile  falls  in  Connedlicut  River  is  fituated 
at  the  N,  E.  corner  of  this  townihip.  Into  that  river 
it  fends  Stephens  River  which  rifes  in  Peachum,  the 
adjoining  town  on  the  W. — ib. 

BARNSTABLE,  the  Mattacheefe,  or  Mattacheefet 
of  the  ancient  Indians,  is  a port  of  entry  and  poll 
town,  and  is  the  fhlre  town  of  Barnftable  co.  It  ex- 
tends acrofs  the  peninfula,  and  is  wafhed  by  the  fea 
on  the  N.  and  S.  having  Sandwich,  and  the  diftridt 
called  Marlhpee  or  Maflipee  on  the  W.  is  about  5 
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Barnftablc  miles  broad,  and  9 long  ; 67  miles  S.  eafterly  from 
II  Bofton.  Sandy  Neck,  on  the  N.  ftiore,  runs  E.  al- 
Barrcll’s.  'moft  the  length  of  the  town,  and  forms  the  harbor, 
embofoming  a large  body  of  fait  marlh.  The  harbor 
is  about  a mile  wide,  and  4 long ; in  which  the  tide 
rifes  from  8 to  14  feet.  It  has  a bar  running  oIF  N. 
E.  from  the  Neck  feveral  miles,  which  prevents  the 
entrance  of  large  ftiips  ; but  fmall  veffels  may  pafs 
any  part  of  it  at  high  water  ; and  where  it  is  comm.on- 
ly  crolTed,  it  feldom  has  lefs  than  6 or  7 feet  at  low 
water. 

There  is  another  harbor  on  the  S.  called  Lenvh’s 
Bay.  Its  entrance  is  within  Barnftable,  and  it  ex- 
tends almoft  z miles  into  Yarmouth.  It  is  commo- 
dious and  fafe,  and  is  completely  land  locked ; and 
has  5 feet  water  at  a middling  tide. 

A mile  or  two  to  the  weftward,  and  near  the  en- 
trance of  Lewis’s  Bay,  lies  Hyanis  Road.  It  is  form- 
ed principally  by  an  ifland,  joined  by  a beach  to 
Yarmouth,  which  together,  make  the  outfide  of  the 
bay  before  mentioned.  The  S.  head  of  this  ifland  Is 
called  Point  Gammon.  Oyfter  Bay,  near  the  S.  W. 
limit  of  the  town,  admits  fmall  veflels  ; and  which, 
with  Lewis’s  Bay,  has  in  years  paft  produced  excel- 
lent oyfters,  in  great  quantities ; though  they  are  now 
much  reduced. 

There  are  about  20  or  30  ponds  in  Barnflable. 
The  land  here  produces  about  25  bufliels  of  Indian 
corn  to  an  acre,  and  rye  and  other  grain  in  propor- 
tion. Wheat  and  flax  are  cultivated  ; the  latter  with 
fuccefs.  From  12  to  18,000  bufhels  of  onions  are 
railed  for  the  fupply  of  the  neighboring  towns.  Up- 
wards of  100  men  are  employed  in  the  fifhery,  which 
is  yearly  increafing.  Whales  feldom  come  into  Maf- 
fachufetts  Bay  now,  and  that  fifhery  is  difcontinued. 
No  quarrels  with  the  ancient  natives  of  the  country 
are  recorded  in  the  accounts  of  this  town,  where  the 
Englifh  fettlers  of  New- England  fir  ft  landed,  Nov. 
II,  1620.  The  people,  2610  in  number,  are  gene- 
rally healthy  ; and  many  inftances  of  longevity  are 
to  be  met  with.  Numbers  of  the  farmers  are  occafion- 
ally  feamen  ; and  this  town  has  afforded,  and  conti- 
nues to  furnifh  many  mafters  of  veffels  and  mariners 
who  fail  from  other  ports.  N.  lat.  41.  43. — Morse. 

BARNSTEAD,  a townfhip  in  Stafford  co.  New- 
Hampfhire,  containing  807  inhabitants;  32  miles  N. 
W.  of  Portfmouth,  and  16  E.  by  S.  from  Canterbury, 
on  Connedticut  river. — ib. 

BARRE',  a townfliip  in  Worcefter  cn.  Maflachu- 
fetts,  containing  1613  inhabitants,  24  miles  N.  W.  of 
Worcefter,  and  66  W.  of  Bofton,  deriving  its  name 
from  Col.  Barre,  a Britifh  fenator,  who  on  the  eve  of 
the  late  war,  plead  the  caufe  of  America,  in  the  Britifh 
houfe  of  com.mons,  with  great,  but  unfuccefsful  ener- 
gy.  This  town  has  good  paftures,  and  here  are  fatted 
multitudes  of  cattle ; and  it  is  fuppofed,  more  butter 
and  cheefe  is  carried  from  hence  to  the  market,  annu- 
ally, than  any  other  town  of  the  fame  fize  in  the  otate. 
— ib. 

Barre',  a townfhip  In  Huntingdon  co.  Pennfylva- 
nla. — ib. 

BARRELL’s  Sound,  on  the  N.  W.  Coaft  of  Ame- 
rica, called  by  the  natives  Conget-hoi-toi,  is  fituated  about 
6 leagues  from  the  fouthern  extremity  of  Wafhington, 
or  Charlotte  iflands,  in  a N.  W.  diredtion,  about  N. 


lat.  52.  W.  long.  131.  from  Greenwich.  It  has  two  Barren 
inlets ; one  on  the  E.  the  other  W.  fide  of  the  ifland  ; II 
the  latter  is  the  beft,  the  other  is  dangerous.  The 
ftiores  are  of  a craggy  black  rock  ; the  banks  lined  with 
trees  of  various  kinds,  as  pines,  fpruce,  hemlock,  alder, 

&c.  Mr  Hofkins,  in  the  fummer  of  1791,  meafured 
one  of  thefe  trees,  which  was  ten  fathoms  in  circumfer- 
ence. On  one  fide  of  it  a hole  had  been  cut,  large 
enough  to  admit  a man ; within  was  a fpacious  and 
convenient  room,  which  had  apparently  been  dug  and 
burnt  out  with  much  labor.  Mr  Hofkins  concluded 
that  it  muft  have  been  occafionally  inhabited  by  the 
natives ; as  he  found  in  it  a box,  fireworks,  dried 
wood,  and  feveral  domeftic  utenfils.  This  found  was 
named  after  Jofeph  Barrell,  Efq.  of  Charleftown, 

( Maf)  and  was  firft  vifited  by  Capt.  Gray,  in  the 
Wafhington,  in  1789. — Morse. 

BARREN  Creek,  rifes  in  the  N.  W.  corner  of 
Delaware  ftate,  runs  about  9 miles  S.  wefterly,  and 
empties  into  Nanticoke  river.  A triangular  traift  of  land 
in  the  N.  part  of  Somerfet  co.  Maryland,  is  enclofed 
between  this  creek  on  the  S.  Delaware  ftate  E.  and 
Nanticoke  river  on  the  W.  and  N.  W. — ib. 

Barring  ton,  a townfhip  in  Queen’s  co,  No- 
va-Scotia,  on  the  S.  fide  of  the  bay  of  Fundy  ; fet-, 
tied  by  Quakers  from  Nantucket  Ifland. — ib, 

Barrington,  a townfhip  in  Stafford  co.  N.  Hamp- 
fhlre,  about  30  miles  N.  W.  from  Portfmouth,  incor- 
porated in  1722,  containing  2470  inhabitants.  Allum 
is  found  here ; and  the  firft  ridge  of  the  Frojl  Hills, 
one  of  the  three  inferior  fummits  of  Agamenticus,  is 
continued  through  this  town.  Its  fituation  is  very 
healthy;  e.  g.  14  of  the  firft  fettlers  in  1732,  were 
alive  in  1785,  who  were  between  80  and  90  years  old. 

— ib. 

Barrington,  a townfhip  In  Briftol  co.  Rhode-Ifland, 
on  the  S.  weftern  fide  of  the  N.  W.  branch  of  War- 
ren river,  little  more  than  z^  miles  N.  W.  of  Warren, 
and  about  7 S.  E.  from  Fox  Point,  in  the  town  of 
Providence.  It  contains  683  inhabitants.  Including, 

12  flaves. — ib. 

Barrington,  Great,  is  the  fecond  townfliip  in 
rank  in  Berkihire  co.  Maffachufetts.  It  contains  1373 
inhabitants,  and  lies  140  miles  W.  from  Bofton,  and 
fouth  of  Stockbridge,  adjoining. — ib. 

BARTHELEMI  (Jean  Jacques),  the  Neftor  of 
French  literature,  was  a man  fo  eminent  for  his  know- 
ledge of  antiquities,  that  every  claffical  reader  muft  be 
interefted  in  his  fate.  He  was  born,  we  believe,  at  Pa- 
ris about  the  latter  end  of  the  year  1715  ; and  being 
educated  for  the  fervice  of  the  church,  he  became  prior 
of  Courcay,  keeper  of  the  medals  and  antiques  in  the 
French  king’s  cabinet,  and  in  1747  was  eledted  a mem- 
ber of  the  Academy  of  Infcriptions.  FYom  that  period 
his  life  was  wholly  devoted  to  letters ; and  in  recording 
the  principal  events  of  it,  we  can  only  enumerate,  in 
their  order,  his  various  publications. 

A differtation  of  his  on  the  river  Padlolus  was  read 
1748  ( Hift.  de  FAcad.  X.  29.):  Refledlions  on  a Me- 
dal of  Xerxes,  King  of  Arfamata  (Mem.  de  PAcad. 
XXXVII.  171-),  found,  or  faid  to  be  found,  by  Fouf- 
mont  in  the  temple  of  Apollo  Anycleus  (XXXIX. 

129.)  ; Eftay  on  Numifmatic  Palseography,  ib-  223; 
Diflertation  on  two  Samaritan  Medals  of  Antigonus 
King  of  Judea,  ib.  257  ; Remarks  on  fome  Infcriptions/ 
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Bwtram.  excurfions  in  different  parts  from  Canada  to  Florida. 

Botany  being  his  favourite  purfuit  he  foon  made  fuch 
proficiency  therein  that  the  great  Linnteus  faid  in  one 
of  his  letters,  that  he  was  the  greateft  natural  botanift 
in  the  world.  His  progrefs  in  botany,  natural  hiftory 
and  philofophy,  attraded  the  notice  and  efteem  of  the 
principal  literary  and  eminent  charaders  in  America, 
among  whom  were  James  Logan,  Efq.  Dr  Franklin 
and  Dr  Kenneifley  of  Philadelphia,  Dr  Golden  of 
New  York  and  Dr  Clayton  of  Virginia,  and  introduced 
him  to  the  correfpondence  and  friendfhip  of  Peter 
Collinfon,  Efq.  which  continued  for  nearly  fifty  years 
and  terminated  only  with  life;  Lord  Petre,  Dr  Dillenius, 
Sir  Hans  Sloane,  Mr  Catefby,  Dr  Fothergill,  Dr  Hill, 
Gronovius,  Linnsus,  Profeffor  Kalm,  M.  Wrangle, 
&c.  who  fiirnilhed  him  with  fuch  books,  philofophical 
apparatus,  &c.  as  his  genius  and  fituation  required, 
thereby  leffening  the  difficulties  with  which  he  had  to 
ftruggle  in  a newly  fettled  country,  and  promoting  the 
objed  which  his  benevolent  mind  had  contemplated  in 
communicating  his  difcoveries  and  colledions  to  Eu- 
rope. Thefe  communications  occafioned  him  to  be  em- 
ployed in  colleding  whatever  w’as  new  and  curious  to 
furnifh  and  ornament  the  European  gardens  and  plan- 
tations with  the  produdions  of  the  New  World.  Flis 
induftry  and  fuccefs  in  the  purfuit  of  fcience  procured 
him  fellowfhip  in  many  literary  and  fcientific  focieties 
in  Europe,  as  thofe  of  London,  Edinburgh,  Stock- 
holm, &c.  and  at  laft  he  was  appointed  American 
Botanift  to  his  Britannic  Majefty  George  the  Third,  in 
which  appointment  he  continued  till  his  death  in  Sep- 
tember 1777,  in  the  Seventy-fixth  year  of  his  age. 

He  employed  much  of  his  time  in  excurfions  through 
the  provinces  then  fubjed  to  England ; chiefly  in  au- 
tumn, when  his  agricultural  avocations  leaft  required 
his  prefence  at  home.  The  objed  of  thefe  journeys  was 
to  colled  curious  and  non-defcript  vegetables,  foffils, 
&c.  His  ardour  in  thefe  purfuits  was  fuch  that  at  the 
age  of  70  he  made  a journey  into  Eaft  Florida  to  ex- 
plore the  natural  produdions  of  that  country.  His  tra- 
vels among  the  Native  Indians  were  attended  with 
much  danger  and  difficulty,  and  the  different  parts  of 
the  country,  from  the  fhorcs  of  Lakes  Ontario  and 
Caiuga  to  the  fource  of  the  river  St  Juan  in  E. 
Florida,  contributed  through  his  hands  to  enrich  and 
embellifh  the  gardens  and  forefts  of  Europe  with 
elegant  flowering  fhrubs,  plants,  and  ufeful  and  orna- 
mental trees. 

He  was  an  ingenious  mechanic,  feveral  monuments 
of  which  ftill  remain  at  the  houfe  in  which  he  lived 
which  he  built  himfelf,  after  quarrying  the  ftone : and 
be  was  often  his  own  mafon,  carpenter,  black-fmith, 
See.  and  generally  made  his  own  farming  utenfils. 

His  ftature  was  rather  above  the  middle  fize,  ered 
and  flender,  a fandy  compledion,  cheerful  countenance, 
with  an  air  of  folemnity,  his  manners  modeft  and  gen- 
tle, an  amiable  difpofnion  and  liberal  mind,  a lover  of 
charity  and  focial  order,  he  was  never  known  to  enter 
into  a'“  litigious  conteft  with  any  one,  adive  and  tem- 
perate, but  always  maintained  a plentiful  table,  and 
-annually  on  new  year’s  day  he  made  an  entertainment 
at  his  own  houfe,  confecrated  to  friendfhip  and  philo- 
fophy. He  was  an  advocate  for  liberty,  and  for  the 
abolition  of  Negro  flavery,  and  gave  freedom  to  an 
excellent  young  African  whom  he  had  brought  up,  and 


who  continued  gratefully  in  his  fervice  while  he  lived.  Barytes 
Born  and  educated  in  the  Society  of  Friends  (called  II 
Quakers)  he  was  a pious  man.  The.  following  diftich 
was  engraved  by  himfelf  on  a ftone  in  the  wall  over 
the  front  window'  of  his  owm  apartment. 

“ ’Tis  God  alone,  the  Almighty  Lord, 

“ The  Holy  One  by  me  ador’d.” 

JOHN  BARTRAM,  1770. 

BARYTES,  one  of  the  earths.  See  Chemistry 
in  this  Supplement,  Part  I.  Chap.  iv. 

BASTER,  the  name  given  by  the  Dutch  at  the 
Cape  of  Good  Hope  to  the  offspring  of  a white  man 
and  Hottentot  woman. 

BAT,  an  animal  which  has  been  deferibed  under  its 
generic  name  Vespertillio  in  the  Encycl.  but  fince 
that  article  was  written,  we  have  met  with  an  account 
of  a new  fpecies,  fo  very  Angular,  that,  if  the  veracity 
of  our  author  can  be  depended  on,  it  is  well  inti  tied 
to  a place  here.  This  fpecies  was  difeovered  in  the 
country  of  the  Nimiquas,  in  the  interior  of  Africa,  by 
M.  Vaillarity  during  the  courfe  of  his  fccond  travels, 
and  is  by  him  called  the  oreillar  bat.  To  this  title  it 
has  indeed  a very  good  claim  ; for  it  has,  he  fays,  four 
ears,  or  at  leaft  the  external  part  of  four  ears,  each 
ear  being  double ; the  outer  fold,  which  ferves  as 
a covering  to  the  inner,  is  very  ample,  being  tv/o 
inches  eight  lines  high,  and  nearly  as  broad  when  ftretch- 
ed  out.  On  the  nofe  alfo  a membrane  ftands  ereeff,  one 
inch  four  lines  in  height,  wffiich  might  be  taken  for  an- 
other ear,  as  it  has  exaftly  the  ftiape  of  one.  This 
membrane,  as  well  as  the  ears  and  wings  of  the  animal, 
are  of  a nifty  red,  paler  below  than  above.  The  body 
is  only  three  inches  long,  and  is  covered  with  very  fine 
greyiffi  hair.  Its  width,  from  the  tip  of  one  wing  to 
that  of  the  other,  is  eight  inches.  The  reader  will  par- 
don me,  fays  our  author,  for  inferting  thefe  trifling  de- 
tails of  meafurement,  of  w'hich  I am  not  more  fond  than 
himfelf ; but  they  appeared  to  me  neceffary  here,  to 
convey  an  accurate  idea  of  the  extraordinary  length  of 
the  ears  of  this  animal,  which  are  certainly  larger  in  pro- 
portion than  thofe  of  any  other  w'e  are  acquainted  with, 
iince  they  are  only  four  lines,  or  the  third  part  of  an 
inch,  ffiorter  than  the  body  itfelf. 

BATAVIA,  the  capital  of  the  Dutch  fettlements 
in  the  Eaft  Indies,  has  been  already  deferibed  under  the 
article  Java  in  the  Encyclopsedia.  The  following  ac- 
count of  it,  however,  as  well  as  of  the  country  around 
it,  and  the  manners  and  cuftoms  of  its  various  inhabi- 
tants, as  they  prefented  themfelves  to  Sir  George  Staun- 
ton in  March  1793,  w’ill  probably  prove  acceptable  to 
many  of  our  readers. 

The  city  of  Batavia,  including  the  fuburbs,  confifts 
of  near  eight  thoufand  houfes,  inhabited  by  Dutch, 

Chinefe,  and  natives  of  Java.  The  houfes  of  the  Chi- 
nefe  are  low,  and  crammed  with  people.  The  Dutch 
houfes  are  well  built,  clean,  and  fpacious,  and  their  con- 
ftrudtion  for  the  moft  part  well  fuited  to  the  climate. 

The  doors  and  windows  are  wide  and  lofty.  The 
ground  floors  are  covered  with  flags  of  marble,  which 
being  fprinkled  frequently  with  water,  give  a pleafant 
coolnefs  to  the  apartment ; but  a confiderable  propor- 
tion of  thofe  was  untenanted,  which  denoted  a declining 
fettlement.  Among  other  circumftances  which  announc- 
ed (he  fame,  were  thofe  of  the  Company’s  veffels  lying 
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ufclefs  in  the  road,  for  want  of  cargoes  to  fill,  men 
to  navigate  them  ; no  fhips  of  war  to  protedt  their  com- 
merce, even  againft  pirates,  who  attacked  their  veffels 
fometimes  in  the  fight  of  Batavia  road  ; an  invafion 
threatened  from  the  Ifle  of  France ; the  place  in  no  con- 
dition of  defence,  particularly  againft  an  enemy  lefs  af- 
fedted  by  the  climate  than  Europeans  ; fometimes  as 
many  of  the  troops  in  hofpitals  as  fit  for  duty ; com- 
miffioneis  expedted  from  Holland  to  reform  abufes. 
Such  a commilfion,  implying  a general  fufpicion,  could 
not  be  welcome;  nor  was  it  quite  certain  whether,  in 
feme  minds,  its  arrival  or  that  of  the  enemy  was  depre- 
cated the  moft  cordially. 

The  fortifications  of  Batavia,  though  a place  of  fo 
much  importance,  were  not,  when  Sir  George  faw 
them,  fuch  as  would  be  deemed  formidable  in  Europe; 
but  v.'hen  the  difficulties  were  confidered  of  forcing 
the  paffage  of  the  river,  or  of  landing  troops  on  other 
parts  of  the  ifland,  it  might  perhaps  be  thought  of 
greater  ftrength  than  it  would  at  the  firft  view  have 
credit  for.  The  defences  of  the  river  were  the  water 
fort,  fituated  at  its  entrance,  having  mounted  or  dif-, 
mounted  fourteeij  guns  and  two  howitzers.  It  con- 
fided of  a parapet,  originally  well  conftrudled,  retained 
by  a wall ; but  the  parapet  was  much  negledled,  and 
the  wall  nearly  deftroyed  by  the  conftant  working  of 
the  fea.  This  fort  was  proteded  on  the  land  fide  by 
a noxious  fwamp,  and  towards  the  fea,  on  the  north- 
weft,  by  extenfive  flats,  over  which  even  boats  could 
not  pafs.  The  only  good  approach  was  that  by  the 
channel,  which  it  fees  and  defends.  The  next  work 
upon  the  river  was  on  the  weft  fhore,  about  a quarter 
of  a mile  from  the  water  fort.  It  is  a battery  mount- 
ing feven  guns,  bearing  down  the  river.  Oppofite  to 
this  was  a battery  of  fix  guns,  facing  the  river,  and  two 
to  the  eaftward.  This  formed  one  flank  of  a line  that 
occupied  the  low  land  to  the  north-eaft  of  the  town. 
The  line  was  a low  breaft-work  of  earth,  that  was 
fcarcely  difcoverable.  The  canals  which  interfe^l  the 
town  joined  the  great  canal  or  river,  at  the  diftance  of 
half  a mile  from  the  entrance.  Below  the  junction  a 
boom  was  laid  of  wood,  armed  with  iron  fpikes.  A 
little  above  was  the  caftle,  a regular  fquare  fort,  but 
without  ravelins  or  other  outworks.  It  had  two  guns 
mounted  on  each  flank,  and  two,  or  fometimes  three,  on 
each  face  ; they  were  not  en  barbette,  nor  properly  en 
embrafure,  but  in  a fituation  between  both,  having  both 
their  difadvantages  without  the  advantage  of  either. 
The  wall  was  of  mafonry,  about  24  feet  high.  It  had 
no  ditch,  but  a canal  furrounded  it  at  fome  diftance.  It 
had  no  cordon.  The  length  of  the  exterior  fide  of  the 
work  was  about  700  feet.  Tlie  town  is  rectangular, 
three  quarters  of  a mile  long,  and  half  a mile  broad, 
inclofed  by  a wall  of  about  20  feet  in  height.  Small  pro- 
jedtions  v/ere  conftructed,  of  various  forms,  at  intervals 
of  about  350  feet.  Thefe  generally  mounted  three 
guns  each.  It  was  alfo  furrounded  by  a canal,  having 
feveral  Unices.  At  fhort  diftances  from  the  town, 
three  or  four  fmall  ftar  forts  of  earth  were  eredted  in 
particular  paffes,  perhaps  for  defence  againft  the  in- 
habitants of  the  ifland. 

The  eftabliffiment  of  regular  troops  was  1200  Euro- 
peans, of  whom  300  were  to  be  artillery,  the  reft  infan- 
. try.  But  as  it  was  found  impoffible,  on  account  of  the 
climate,  to  keep  the  number  complete,  recourfe  was  had 
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to  the  natives,  of  whom  500  were  employed  ; fo  that 
the  eftabliffiment  of  European  regulars  was  reduced  to 
700.  There  were  alfo  300  volunteers  of  the  town,  who 
were  formed  into  two  companies,  but  they  were  not 
difeiplined.  Their  regulars  were  very  numerous,  con- 
fiding of  enrolled  natives  of  Java,  who  were  never  em- 
bodied, and  of  Chinefe,  of  whom  the  Dutch  w’ere  fo  jea- 
lous as  to  arm  them  with  lances  only.  Much  depen- 
dence was  not  to  be  placed  on  the  exertions  of  either 
of  thefe  bodies  in  favour  of  the  Dutch  ; and  as  they 
lofe  many  of  their  European  troops  every  year,  their 
eftabliffiment  appeared  too  fmall  for  any  effedtual  re- 
fiftance.  The  chief  protedlion  of  their  ill-manned  vef* 
fels  lying  here,  rauft  be  from  the  fortified  ifland  of  On- 
ruft,  well  fituated  to  command  the  channel  that  affords 
the  principal  paffage  into  the  road.  The  work  upon 
that  ifland  was  of  a pentagonal  form  ; its  baftions  were 
fmall  and  low,  not  more  than  12  feet  the  higheft,  and 
not  always  conne<fted  by  curtains.  A few  batteries 
were  lately  conftrudled  on  the  outfide  of  this  work,  that 
bore  towards  the  fea.  On  thefe  and  on  the  baftions 
about  40  guns  were  mounted  in  different  diredlions. 
South  of  thefe  was  another  ifland,  at  the  diftance  of  a 
few  hundred  yards,  on  which  two  batteries,  mounting 
together  12  guns,  had  been  lately  eredted. 

The  caftle  is  built  of  coral  rock,  brought  from  fome 
of  the  adjoining  iflands,  compofed  of  that  material  ; and 
has  the  advantage  of  a fortification  of  brick,  in  which 
cannon  ball  is  apt  to  bury  itfelf  without  fpreading  fplin- 
ters  or  ffiattering  the  wall.  A part  of  the  town  wall  is 
built  of  lava,  which  is  of  a dark  blue  colour,  of  a very 
hard  denfe  texture,  emits  a metallic  found,  and  refem- 
bles  very  much  fome  of  the  lava  of  Vefuvius.  It  is 
brought  from  the  mountains  in  the  centre  of  Java,  where 
a crater  is  ftill  fmoking.  No  ftone  of  any  kind  is  to  be 
found  for  many  miles  behind  the  city  of  Batavia.  Mar- 
ble  and  granite  are  brought  thither  from  China,  in  vef- 
fels  belonging  to  that  country,  commonly  called  junhy 
which  generally  fail  for  Batavia  from  the  ports  of  the 
provinces  of  Canton  and  Fokien,  on  the  fouthern  and 
fouth-eaft  coafts  of  that  empire,  laden  chiefly  with  tea, 
porcelain,  and  filks. 

The  chief  protedlion  of  Batavia  againft  the  attacks 
of  a foreign  enemy,  arifes  from  the  havoc  which  it  is 
w^ell  known  the  climate  would  make  amongft  Euro- 
pean troops.  This  was  acknowledged  to  Lord  Ma- 
cartney by  fome  of  the  Dutch  officers  themfelves,  and 
even  by  one  of  the  counfellors  of  the  Indies.  Such  in- 
deed is  the  climate,  that  there  have  been  very  few  ex- 
amples of  ftrangers  remaining  long  in  Batavia  wdthout 
being  attacked  by  fever,  which  is  the  general  denomina- 
tion in  that  place  for  illnefs  of  every  kind.  Europeans 
foon  after  their  arrival  firft  become  languid  and  feeble, 
and  in  a few  weeks,  or  even  in  a few  days,  are  taken  fe- 
rioufly  ill.  The  diforder  at  firft  is  commonly  a tertian 
ague,  which  after  two  or  three  paroxyfms  becomes  a 
double  tertian,  and  then  a continued  remittent,  that  fre- 
quently carries  off  the  patient  in  a Ifiort  time.  Many 
fall  vidims  to  the  fecond  or  third  fit ; but  in  thefe  cafes 
a conftant  delirium,  and  a great  determination  of  the 
blood  to  the  brain,  accompany  the  other  fymptoms.  In 
fome  it  begins  in  a quotidian  form,  with  regular  inter- 
miffions  for  a day  or  two  ; and  then  becomes  a continued 
remittent,  attended  with  the  fame  fatal  confequences  as 
the  former.  Of  the  Europeans  of  all  dalles  who  come 
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Batavia,  to  fettle  Jit  Batavia,  it  is  fuppofed  that  not  half  the  num- 
ber  always  furvives  the  year.  The  place  refembles  in 
that  refpedl  a field  of  battle  or  a town  befieged.  The 
frequency  of  deaths  renders  familiar  the  mentionof  them, 
and  little  figns  are  (hewn  cf  emotion  or  furprife  on  hear- 
ing  that  the  companion  of  yefterday  is  to-day  no  more. 
It  is  probable,  female  Europeans  fuffer  lefs  at  Batavia 
than  the  men.  The  former  feldom  expofe  themfelvcs 
to  the  heat  of  the  fun,  make  frequent  ufe  of  the  cold 
bath,  and  live  more  temperately  than  the  other  fex. 

But  it  is  not  to  thofe  who  have  lately  arrived  from 
Europe  that  this  havoc  is  wholly  confined.  The  great- 
eft  number  of  the  Dutch  fettlers,  even  thofe  who  had 
refided  lon^j  in  the  country,  appeared  wan,  weak,  and 
languid,  as  if  labouring  with  the  “ difeafe  of  death.” 
Their  place  of  refidence,  indeed,  is  fituated  in  the  midft 
of  fwamps  and  ftagnated  pools,  from  whence  they  are 
every  morning  fainted  with  “ a congregation  of  foul 
and  peftilential  vapours,”  whenever  the  fea  breeze  fets 
in,  and  blows  over  this  morafs.  The  meridian  fun  raifes 
from  the  (hallow  and  muddy  canals,  with  which  the 
town  is  interfered,  deleterious  miafmata  into  the  air  ; 
and  the  trees,  with  which  the  quays  and  ftreets  are 
crowded,  emit  noxious  exhalations  in  the  night. 

The  general  reputation  of  the  unhealthinefs  of  Bata- 
via is  indeed  fuch  as  to  deter  even  Dutchmen,  who  can 
refide  at  home  with  any  comfort,  from  coming  to  it, 
notwithftanding  the  temptations  of  fortunes  t©  be  quick- 
ly amaffed  in  It.  From  this  circumftance  it  happens, 
that  offices  and  profeffions  are  often  necefl'arily  entruft- 
ed  to  perfons  little  qualified  to  fill  them.  One  of  the 
clergymen,  and  the  principal  phyfician  of  the  place, 
were  both  faid  to  have  originally  been  barbers.  The 
United  Provinces  furnifh  even  few  military  recruits. 
The  reft  are  chiefly  Germans,  many  of  whom  are  faid 
to  have  been  kidnapped  into  the  feryice.  Though  nomi- 
nally permitted,  after  a certain  length  of  time,  to  re- 
turn home,  they  are  in  fadt  compelled  to  enlift  for  a 
longer  time,  the  pay  being  too  fcanty  to  allow  them  to 
fave  enough  to  defray  the  expence  of  their  paJfage  to 
Europe.  The  government  is  accufed  of  the  barbarous 
policy  of  intercepting  all  correfpondence  between 
thofe  people  and  their  mother  country  ; by  which  means 
they  are  deprived  of  the  confolation  of  hearing  from 
their  friends,  as  well  as  of  the  chance  of  receiving  fuch 
afliftance  as  might  enable  them  to  get  home. 

Difficult,  however,  as  it  is,  on  account  of  the  cli- 
mate, to  recruit  the  army,  fuch  is  the  defire  of  accumu- 
lating wealth  In  a foreign  land,  that  it  draws  annually 
great  numbers  of  Chinefe  as  well  as  of  Dutch  to  Bata- 
via. Both  indeed  belong  generally  to  the  humbler  claf- 
fes  of  life,  and  are  bred  in  fimilar  habits  of  induftry  in 
their  own  country  ; but  the  different  circumftances  that 
attend  them  after  their  arrival  in  Batavia  put  an  end  to 
any  further  refemblance  between  them.  The  Chinefe 
have  there  no  way  of  getting  forward  but  by  the  conti- 
nuance of  their  former  exertions  in  a place  where  they 
are  more  liberally  rewarded,  and  by  a ftridt  economy 
in  the  prefervation  of  their  gains.  They  have  no  chance 
of  advancing  by  favour,  nor  are  public  offices  open  to 
their  ambition  ; but  they  apply  to  every  induftrious  oc- 
cupation, and  obtain  whatever  either  care  or  labour  can 
accomplifli.  They  bscome  in  town  retailers,  clerks, 
and  agents ; in  the  country  they  are  farmers,  and  are 
the  principal  cultivators  of  the  fugar-cane.  They  do 


at  length  acquire  fortunes,  which  they  value  by  the 
time  and  labour  required  to  earn  them.  So  gradual  an 
acquifition  makes  no  change  in  their  difpofition  or 
mode  of  life.  Their  induftry  is  not  diminilhed,  nor 
their  health  impaired.  The  Dutch,  on  the  contrary, 
who  are  fent  out  by  the  Company  to  adminifter  their 
affairs  in  Afia,  become  foon  fenfible  that  they  have  the 
power,  wealth,  and  pofl’effions  of  the  country'  at  their 
difpofal.  They  who  furvive  mount  quickly  into  offices 
that  are  lucrative,  and  not  to  them  laborious.  They 
rife  to  the  dignity  of  governor-general  and  counfellors  of 
the  Indies,  as  the  members  of  the  Batavian  govern- 
ment are  called.  I’heir  influence  likewife  enables 
them  to  fpeculate  in  trade  with  vaft  advantage.  The 
drudgery  and  detail  of  bufinefs  are  readily  undertaken 
by  the  Chinefe  ; while  their  principals  find  it  difficult, 
under  fuch  new  circumftances,  to  retain  their  former 
habits,  or  to  refift  a propenfity  to  indolence  and  vo- 
luptuoufnefs,  though  often  attended  with  the  facrifice 
of  health,  if  not  of  life.  Convivial  pleafures,  among 
others,  are  frequently  carried  to  excels. 

In  feveral  houfes  of  note  throughout  the  fettlement, 
the  table  is  fpread  in  the  morning  at  an  early  hour  ; 
befide  tea,  coffee,  and  chocolate,  fifti  and  flelh  areferved 
for  breakfaft  ; which  is  no  fooner  over  than  Madeira, 
claret,  gin,  Dutch  fmall  beer,  and  Englifli  porter,  are 
laid  out  in  the  portico  before  the  door  of  the  great  hall, 
and  pipes  and  tobacco  prefented  to  every  gueft,  and  a 
bright  brafs  jar  placed  before  him  to  receive  the  phlegm 
which  the  tobacco  frequently  draws  forth.  This  oc- 
cupation continues  fometimes  with  little  interruption  till 
near  dinner  time,  which  is  about  one  o’clock  in  the  af- 
ternoon. It  is  not  very  uncommon  for  one  man  to  drink 
a bottle  of  wine  in  this  manner  before  dinner  ; and  thofe 
who  have  a predile<ftion  for  the  liquor  of  their  own 
country  fwallow  feveral  bottles  of  Dutch  fmall  beer, 
which  they  are  told  dilutes  their  blood,  and  affords 
plenty  of  fluids  for  a free  perfpiration.  Immediately 
before  dinner,  two  men  flaves  go  round  with  Madeira 
wine,  of  which  each  of  the  company  takes  a bumper  as 
a tonic  or  vvhetter  of  the  appetite.  Then  follow  three 
females,  one  with  a filver  jar  containing  water,  fome- 
times rofe-water,  to  wafh  ; afecond  with  a filver  b.afon 
and  low  cover  of  the  fame  metal,  pierced  with  holes,  to 
receive  the  water  after  being  ufed  ; and  the  third  with 
towels  for  wiping  the  hands.  During  dinner  a band 
of  mufic  plays  at  a little  diftance  : the  muficians  are  all 
Haves,  and  pains  are  taken  to  inftrudt  them.  A confi- 
derable  number  of  female  flaves  attend  at  table,  which 
is  covered  witli  a great  variety  of  difhes ; but  little  is 
received,  except  liquors,  into  ftomachs  already  cloyed. 
Coffee  immediately  follows  dinner.  The  24  hours  are 
here  divided,  as  to  the  manner  of  living,  into  two  days 
and  two  nights  j for  each  perfon  retires,  foon  after 
drinking  coffee,  to  a bed,  which  confifts  of  a mattrafs, 
bolfter,  pillow,  and  chintz  counterpane,  but  no  flieets 
and  puts  on  his  night  drefs,  or  nauflin  cap  and  loofe 
long  cotton  gowm.  If  a bachelor,  which  is  the  cafe  of 
much  the  gre-ateft  number,  a female  flave  attends  to  fan 
him  while  he  fleeps.  About  fix  they  rife,  drefs,  drink 
tea,  take  an  airing  in  their  carriages,  and  form  parties  to 
fpend  the  evening  together  to  a late  hour.  The  morn- 
ing meetings  confift  generally  of  men,  the  ladies  feU 
dom  choofing  to  appear  till  evening. 

Few  of  thefc  are  natives  of  Europe,  but  many  are 
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■ Batavia,  defcended  from  Dutch  fettlers  here,  and  are  educated 
with  feme  care.  The  features  and  outlines  of  their 
faces  are'  European  ; but  the  complexion,  charadter, 
and  mode  of  life,  approach  more  to  thofe  of  the  native 
inhabitants  of  Java.  A pale  languor  overfpreads  the 
countenance,  and  not  the  lead  lint  of  rofe  is  feen  in  any 
cheek.  While  in  their  own  houfes  they  drefs  like  their 
flaves,  Vv^ith  a long  red  checkered  cotton  gown  defeend- 
ing  to  the  ankles,  with  large  wide  fleeves.  They  wear 
no  head  drefs,  but  plait  their  ha?r,  and  fallen  it  with  a 
filver  bodkin  on  the  top  of  the  head,  like  the  country 
girls  in  feveral  cantons  of  Switzerland.  The  colour  of 
their  hair  is  almcft  univerfally  black  ; they  anoint  it 
with  the  oil  of  the  cocoa  nut,  and  adorn  it  with  chap- 
lets of  flowers.  When  they  go  abroad  to  pay  vifits, 
or  to  take  an  airing  in  their  carriages,  and  particularly 
when  they  go  to  their  evening  parties,  they  drefs  mag- 
nificently, in  gold  and  filver  Ipangled  muflin  robes,  with 
a profufion  of  jewels  in  their  hair,  which  however,  is 
worn  without  powder.  They  never  attempt  to  mould 
or  regulate  the  fhape  by  any  fancied  idea  of  elegance, 
or  any  ftandard  of  fafliion  ; and  confequently  formed  a 
ftriking  contrail  with  fuch  few  ladies  as  were  lately  ar- 
rived from  Holland,  who  had  powdered  hair  and  fair 
complexions,  had  contradled  their  waills  with  flays, 
wore  large  head  drelTes  and  hoops,  and  perfevered  in  the 
early  care  of  forcing  back  the  elbows,  chin,  and  fhoul- 
ders.  ..Every  native  lady  is  conllantly  attended  by  a fe- 
male flave  handfomely  habited,  who,  as  foon  as  her  mi- 
ftrefs  is  feated,  fits  at  her  feet  before  her,  on  the  floor, 
liolding  in  her  hands  her  millrefs’s  gold  or  filver  box, 
divided  into  compartments,  to  contain  areca  nut,  carda- 
mom feeds,  pepper,  tobacco,  and  flacked  lime;  all 
which,  mixed  together  in  due  proportions,  and  rolled 
within  a leaf  of  betel,  conflitute  a mafiicatory  of  a ve- 

Iry  pungent  tafle,  and  in  general  ufe.  When  in  the 
public  alTemblies  the  ladies  find  the  heat  difagreeable, 
they  retire  to  free  ihemfelves  from  their  collly  but  in- 
convenient habits,  and  return  without  ceremony  in  a 
more  light  and  loofe  attire,  when  they  are  fcarcely  re- 
cognizable by  ftrangers.  The  gentlemen  follow  the  ex- 
ample ; and  throwing  off  their  heavy  and  formal  dreffes, 

' appear  in  white  jackets,  fometimes  indeed  adorned  with 

Si  diamond  buttons.  The  elderly  gentlemen  quit  their 

^ periwigs  for  nightcaps.  Except  in  thefe  moments  the 

W members  of  this  government  have  always  combined 

, their  perfonal  gratification  with  the  Eaftern  policy  of 

& ftriking  awe  into  vulgar  minds,  by  the  affumption  of  ex- 

terior and  exclufive  dillinffions.  They  alone,  for  in- 
i«  fiance,  appear  abroad  in  crimfon  velvet.  Their  carriages 

Ms  diftinguifhed  by  peculiar  ornaments.  When  met  by 

W others,  the  latter  mud  flop  and  pay  homage  to  the  for- 

) B,  mer.  One  of  the  gates  of  the  city  is  opened  only  to 

! ' Wi’  let  them  pafs.  They  certainly  fucceed  in  fup porting 

:®'  abfolute  fway  over  a vad  fuperiority  in  number  of  the 

defeendents  of  the  original  inhabitants  of  the  country, 
as  well  as  of  the  flaves  imported  into  it,  and  of  the  Chi- 
nefe  attrafted  to  it  by  the  hope  of  gain  ; thofe  claffes, 

I though  healthy,  active,  and  as  if  quite  at  home,  readily 

t obeying  a few  emaciated  Europeans.  Such  is  the  con- 

fequence  of  dominion  once  acquired  ; the  prevalence  of 
the  mind  over  mere  bodily  exertions,  and  the  effeff  of 
the  combination  of  power  againd  divided  drength. 

: ' The  native  Javanefe  are  in  general  too  remote  from 

* civilization  to  have  any  wants  that  are  not  eafily  fatis- 


fied  in  a warm  and  fertile  climate.  No  attempt  Is  made  Batavia, 
to  enflave  their  perfons ; and  they  find  the  government 
of  the  Dutch  lefs  vexatious  than  that  of  others,  who 
divide  feme  fhare  of  the  fovereignty  of  the  ifland  wdth 
them.  The  fultan  of  Mataran  rules  to  the  ead,  the  em- 
peror of  Java  in  the  centre,  and  the  king  of  Bantam  to 
the  wed ; while  the  coad  and  effedlive  power  almod 
entirely  belong  to  Holland.  Thofe  other  fovereigns. 
are  defcended  from  foreigners  alfo  ; being  Arabians, 
who  imported  the  Mahometan  religion  into  Java,  and 
acquired  the  dominion  of  the  country;  a few  inhabi-, 
tants  in  the  mountains  excepted,  who  have  prefervccl 
their  independence  and  their  faith,  and  among  other  ar- 
ticles that  of  the  tranfmigration  of  fouls.  According 
to  the  Dutch  accounts,  nothing  can  be  more  tyrannic 
than  thofe  Mahometan  rulers.  The  emperor  is  faid  to 
maintain  his  authority  by  an  army  of  many  thoufand 
men  difperfed  throughout  his  ter ri tori e.'^,  befide  a nume- 
rous female  guard  about  his  perfon.  Thefe  military  la- 
dies are  trained,  it  feems,  to  arms,  without  negleding 
thofe  accomplifhments  which  may  occafion  a change  in 
the  occupation  of  fome  among  them,  rendering  them 
the  companions,  Indcad  of  being  the  attendants,  of  his 
Imperial  majedy.  This  fingular  inditution  may  owe 
its  origin  to  the  facility  of  obtaining  recruits,  if  It  be 
true,  as  the  fame  accounts  pretend,  that  the  number 
of  female  births  exceeds  very  confiderably  that  of  males 
in  Java. 

Mod  of  the  flaves  are  imported  into  it  from  Celebes 
and  other  eadern  iflands.  They  do  not  form  a corps, 
or  have  any  bond  of  union  : nor  is  the  general  condudl 
of  their  owmers  towards  them  calculated  to  aggravate 
the  misfortune  of  being  the  property  of  others.  They 
are  not  forced  to  exceffivc  labour.  They  have  fufficient 
fudenance  ; but  many  of  the  males  among  them,  who 
had  formerly  perhaps  led  an  independent  life  till  made 
captives  in  their  wars,  have  been  found  to  take  offence 
againd  their  maders  upon  very  flight  occafions,  and  to 
wreak  their  vengeance  by  affafiination.  The  apprehen- 
fion  of  fuch  an  event  is  among  the  motives  for  prefer- 
ring at  Batavia  female  flaves  for  every  ufe  to  which  they 
can  be  applied  ; fo  that  the  number  purchafed  of  them 
much  exceeds  that  of  the  other  fex.  The  flaves  when 
determined  on  revenge  often  fwallow,  for  the  purpofe  of 
acquiring  artificial  courage,  an  extraordinary  dofe  of 
opium,  and  foon  becoming  frantic  as  well  as  defperate, 
not  only  dab  the  objefts  of  their  hate,  but  fally  forth 
to  attack  in  like  manner  every  perfon  they  meet,  till 
felf-prefervation  renders  it  neceffary  to  dedroy  them. 

They  are  faid  in  that  date  to  be  rumiing  a muck  ; and 
indances  of  it  are  not  more  common  among  flaves  than 
among  free  natives  of  the  country,  who  in  the  anguifli 
for  lofing  their  money,  effeffs,  and  fometimes  their  fa- 
milies, at  gaming,  to  which  they  are  violently  addi<fled, 
or  under  the  preffure  of  fome  other  paffion  or  misfor- 
tune, have  recourfe  to  the  fame  remedy,  with  the  fame 
fatal  effedls. 

In  the  country  round  Batavia  the  eye  looks  in  vain 
for  the  common  animals  and  vegetables  which  it  had 
been  daily  accudomed  to  meet  in  Europe.  The  mod 
familiar  bird  about  the  houfe  of  the  embaffador’s  hod 
was  the  crown  bird,  as  It  was  called  at  Batavia,  which 
was  not,  however,  the  ardea  pavomna  of  Linnseus,  but 
the  columha  crijlata,  having  nothing  except  its  cred  in 
common  with  the  former.  The  fame  gentleman  had  al- 
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Bath  not  only  of  fear,  but  alfo  of  religious  veneration,  to 

H which  offerings  are  made  as  to  a deity.  When  a Java- 

BayofFun-  feels  hioifelf  difeafed,  he  will  fometimes  build  a 

coop,  and  fill  it  with  fuch  eatables  as  he  thinks 
moft  agreeable  to  the  crocodiles.  He  places  the  coop 
upon  the  bank  of  the  river  or  canal,  in  the  perfect  con- 
fidence that,  by  the  means  of  fuch  offerings,  he  will  get 
rid  of  his  complaints;  and  perfuaded,  that  if  any  per- 
fon  could  prove  fo  wicked  as  to  take  away  thofe  viands, 
fuch  perfon  would  draw  upon  himfelf  the  malady  for 
the  cure  of  which  the  offering  was  made.  According 
to  Sir  George  Staunton,  Batavia  road  lies  in  6®  lo' 
fouth  lat.  and  io6^  51'  eaft  long,  from  Greenwich. 

BATH,  a townlliip  in  Lincoln  co.  Diftridt.  of 
Maine,  containing  949  inhabitants.  It  lies  on  the  W. 
fide  of  Kennebeck  River  about  13  miles  from  Wifeaf- 
fet,  60  N.  E.  from  Portland,  32  from  Hallowell,  13 
from  Pownalboro’,  and  165  N.  E.  from  Boffon.  N. 
lat.  43.  49. — Morse. 

Bath,  a county  of  Virginia,  about  60  miles  In 
length,  and  50  in  breadth  ; bounded  E.  by  the  county 
of  Augufta.  It  is  noted  for  its  medicinal  fprings,  call- 
ed the  Hot  and  Warm  fprings,  near  the  foot  of  Jack- 
fon’s  Mountain,  which  fee. — ih. 

Bath,  a thriving  town  in  Berkly  co.  Virginia,  fitu- 
ated  at  the  foot  of  the  Warm  Spring  Mountain.  The 
fprings  in  the  neighbourhood  of  this  town,  although 
lefs  efficacious  than  the  Warm  Springs  in  Bach  co. 
draw  upwards  of  1000  people  here,  during  fummer, 
from  various  parts  of  the  United  States.  The  water 
is  little  more  chan  milk-warm,  and  weakly  impregnated 
with  minerals.  The  country  in  the  environs  is  agreea- 
bly diverfified  w'ith  hills  and  valleys;  the  foil  rich, 
and  in  good  cultivation  ; 25  miles  from  Martinfburg, 
and  269  miles  S.  W.  from  Philadelphia. — w. 

Bath,  a townfliip  in  Grafton  co.  N.  Hampflilre, 
containing  493  inhabitants.  It  lies  on  the  E.  bank  of 
Conneflicut  River  35  miles  N.  E.  by  N.  from  Dart- 
mouth College,  and  97  N.  W.  from  Portfmouth. — ib. 

Bath,  or  Port  Bath,  an  ancient  town  in  Hyde  co, 
N.  Carolina,  on  the  N.  fide  of  Tar  River  about  24 
miles  from  Pamplico  Sound,  61  S.  by  W.  of  Eden- 
ton,  and  is  the  port  of  entry  on  Tar  Pfiver.  It  con- 
tains about  12  houfes,  and  is  rather  declining.  N.  lat. 
35.  SI.  W.  long.  77.  £5 — ib. 

Bath,  a village  in  the  eafiern  parlfli  of  St  Tho- 
mas, in  the  Ifland  of  Jamaica,  in  the  W.  Indies.  It 
has  its  rife  and  name  from  a famous  hot  fpring  in  its 
vicinity,  laid  to  be  highly  efficacious  in  curing  the 
dry  belly-ache.  The  water  is  fulphureous,  and  flows 
out  of  a rocky  mountain  about  a mile  diftant;  and  is 
too  hot  to  admit  a hand  being  held  in  it. — ib. 

Bath,  a village  in  the  co.  of  Rcnffalaer,  New-York, 
pleaiantly  ficuated  on  the  eaft  bank  of  Pludfon  river, 
nearly  oppofite  the  city  of  Albany,  at  the  head  of 
floop  navigation,  A mineral  fpring  has  been  difeover- 
ed  here,  laid  to  poffefs  valuable  qualities  ; and  a com- 
modious bathing-houfe  has  been  ereded,  at  a confider- 
able  expenie,  containing  hot,  cold,  and  Ihower  baths. 
— ib. 

BAY  OF  FUNDY,  wafhes  the  fhores  of  the  Britifh 
provinces  of  New-Brunfwick  on  the  N.  and  Nova-Scotia 
on  the  E.  and  S.  This  bay  is  12'  leagues  acrofs, 
from  the  Gut  of  Annapolis  to  St  John’s,  the  principal 
town  of  New-Brunfwick.  The  tides  are  very  rapid 


in  this  bay,  and  rife  at  Annapolis  Bafin  about  30  feet ; Bay  of 
at  the  Bafin  of  Minas,  which  may  be  termed  the  N,  lAandt 
arm  of  this  bay,  40  feet ; and  at  the  head  of  Chignedo  g 
channel,  an  arm  of  this  bay,  the  fpring  tides  rife  60 
feet. — ib. 

BAY  OF  ISLANDS,  lies  on  the  W.  fide  of  New- 
foundland Ifland  in  the  gulf  of  St  Lawrence.  This 
bay  is  very  extenfive,  having  3 arms,  by  which  feve- 
ral  rivers  empty  into  it.  It  has  feveral  iflands ; the 
chief  of  which  are  called  Harbor,  Pearl,  and  Tweed. 

The  centre  of  the  bay  lies  in  about  49.  5.  N.  lat.  and 
58.  15.  W.  long,  from  Greenwich. — ib. 

BEAR  Grafs  Creek,  a fmall  creek  on  the  eafiern 
fide  of  Ohio  River,  a few  hundred  yards  N.  of  the  town 
of  Louifville,  in  Kentucky.  This  is  the  fpot  where 
the  Intended  canal  is  propofed  to  be  cut  to  the  upper 
fide  of  the  Rapids,  From  the  mouth  of  the  creek,  to 
the  upper  fide  of  the  rapids,  is  not  quite  2 miles. 

This  would  render  the  navigation  of  the  Ohio  fafe 
and  eafy.  The  country  on  the  fides  of  this  creek,  be- 
tw'een  Salt  River  and  Kentucky  River  is  beautiful  and 
rich. — ib. 

BEAUFORT,  a feaport  town  In  Carteret  co.  on 
the  N.  E.  fide  of  Core  Sound,  and  diftribt  of  New- 
bern,  N.  Carolina.  It  contains  about  20  houfes,  a 
court-houfe  and  gaol,  and  the  county  courts  are  held 
here.  It  is  55  miles  S.  by  E.  of  Newbern,  and  about 
27  from  Cape  Lookout.  N.  lat.  34.  47 ib. 

Beaufort,  the  chief  town  of  Beaufort  dillrlff,  S. 
Carolina,  is  fituated  on  the  ifland  of  Port  Royal,  at 
the  mouth  of  Coofaw'hatchie  River,  The  courts 
which  were  formerly  held  here,  are  now  removed  to 
the  town  of  Coofawhatchie,  on  the  above  fmall  river. 

Beaufort  is  a little  pleafant  town,  of  about  60  houfes, 
and  200  inhabitants;  who  are  diflinguifhed  for  their 
hofpitality  and  politenefs.  It  has  a fine  harbor,  and 
bids  fair  to  become  a confiderable  town.  It  ufed  to 
be  a llation  for  the  Britifh  fquadron  when  In  their 
poffeffion.  Beaufort  is  fituated  26  miles  from  Purif- 
burg,  and  73  from  Charle(fr)n,  to  the  S.  W.  noted 
for  its  healthy  fituation.  N.  lat.  32.  26.  W.  long. 

80.  55. — ib. 

Beaufort  Dijlridi,  in  the  lower  country  of  S.  Ca- 
rolina, lies  on  the  fea  coaft,  between  Combahee  and 
Savannah  rivers.  It  Is  69  miles  in  length,  and  37  in 
breadth,  and  is  divided  Into  4 parifhes,  viz.  St  Helena, 

St  Luke,  Prince  William,  and  St  Peter,  which  con- 
tain 18,753  inhabitants;  of  whom  only  4346  are 
whites.  The  northern  part  of  this  diffridf  abounds 
with  large  forefls  of  cyprefs  ; the  lands,  hov/ever,  are 
fit  for  raifing  rice,  indigo,  8cc.  It  fends  £2  reprefen- 
tatives  and  4 fenators  to  the  Rate  legiflature  ; each 
parifli  fending  an  equal  number.  Amount  of  taxes 
2,’3,022  2-I1  fter. — ib. 

BEAVER  Creek,  runs  into  Lake  Erie,  at  its  E. 
end  ; about  7 miles  S.  E.  from  Fort  Erie. — ib, 

BEAVERS  Town,  at  Tnjharawas,  lies  between 
Margaret’s  Creek,  an  upper  N.  W.  branch  of  Muflc- 
ingum  River  and  the  N.  branch  of  that  river ; at  the 
head  of  which  N,  branch  there  is  only  a mile’s  portage 
to  Cayahoga  River.  Beavers  Town  lies  about  85  miles 
N.  W.  from  Pittfburg,  A little  below  this  a fort  was 
eredted  in  1764. — ib. 

BECKET,  a townfhip  in  Berkfhire  co.  Maffachu- 
fetts,  containing  751  inhabitants.  It  is  10  miles  E.  of 

Stockbridge, 
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Bche«i.  and  deferves  to  have  his  name  tranfmitted  with  rcver- 
ence  to  the  iateft  pofterity.  Born  at  Nuremberg,  an 
Imperial  city  in  the  circle  of  Franconia,  of  a noble  fa- 
mily not  yet  extinfl,  he  had  the  beft  education  which 
the  darknefs  of  that  age  would  permit  him  to  have ; 
and  the  (Uidies  to  which  from  his  infancy  he  w'as  moft 
addidted,  were  thofe  of  geography,  aftronomy,  and  na- 
vigation. As  he  advanced  in  life,  he  often  thought  of 
the  exigence  of  the  antipodes  and  of  a wellern  conti- 
nent, of  which  he  was  ambitious  to  make  the  difco- 
very. 

Filled  with  this  great  idea,  in  1459  he  paid  a vifit 
to  Ifabella,  daughter  of  John  I.  king  of  Portugal,  at 
that  time  regent  of  the  duchy  of  Burgundy  and  Flan- 
ders; and  having  informed  her  of  his  defigns,  he  pro- 
cured a veflel,  in  which,  failing  weftward,  he  was  the  firft 
European  who  is  known  to  have  landed  on  the  ifland  of 
Fayal.  He  there  ellabliflied  in  1460  a colony  of  Flem- 
ings, whofe  defcendants  yet  exift  m the  Azores,  which 
were  for  fome  time  called  the  Flemilh  Iflands.  This 
circumftance  is  proved,  not  only  by  the  writings  of  con- 
temporary authors,  but  alfo  by  the  manufcripts  preferv- 
ed  in  the  records  of  Nuremberg  ; from  the  Latin  of 
which  the  following  is  tranflated  : “ Martin  Behcm 
tendered  his  fervices  to  the  daughter  of  John  King  of 
Lufitania,  who  reigned  after  the  death  of  Philip  of  Bur- 
gundy, furnamed  the  Good ; and  from  her  procured  a 
fhip,  by  means  of  which,  having  failed  beyond  all  the 
then  known  limits  of  the  Weftern  Ocean,  he  was  the 
firft  who  in  the  memory  of  man  difcovered  the  ifland  of 
Fayal,  abounding  with  beech  trees,  wfliich  the  people  of 
Lufitania  call  faye ; whence  it  derived  its  name.  Af- 
ter this  he  difcovered  the  neighbouring  iflands,  called 
by  one  general  name  the  Azores,  from  the  multitude  of 
hawks  which  build  their  nefts  there  (for  the  Lufitanians 
ufe  this  term  for  hawks,  and  the  French  too  ufe  the 
word  ejfos  or  efores  in  their  purfuit  of  this  game ) ; and 
left  colonies  of  the  Flemifh  on  them,  when  they  began 
to  be  called  Flemifli  Iflands  (a).” 

After  having  obtained  from  the  regent  a grant  of 
Fayal,  and  relided  there  about  twenty  years,  Behem 
applied  in  1484  (eight  years  before  Columbus’s  expe- 
dition) to  John  II.  king  of  Portugal,  to  procure  the 
means  of  undertaking  a great  expedition  towards  the 
fouth-weft.  This  prince  gave  him  fome  fliips,  with 
which  he  difcovered  that  partoi  America  which  is  now 
called  Brazil;  and  he  even  failed  to  the  Straits  of  Ma- 
gellan, or  to  the  country  of  fome  favage  tribes  whom 
he  called  Patagonians,  fiom  the  extremities  of  their  bo- 
dies being  covered  with  a fkin  more  like  a bear’s  paws 
than  human  hands  and  feet. 

A fact  fo  little  known,  and  apparently  fo  derogatory 
to  the  fame  of  Columbus,  ought  not  to  be  admitted 
without  fuificient  proof;  but  the  proofs  which  have 
been  urged  in  fupport  of  its  authenticity  are  fuch  as 
cannot  be  controverted.  They  are  not  only  the  letters 


of  Behem  himfelf,  written  in  i486,  and  preferved  in 
the  archives  of  Nuremberg,  but  likewlfe  the  public  re- 
cords of  that  city  ; in  which  we  read  that  “ Martin 
Behem,  traverflng  the  Atlantic  Ocean  for  feveral  years, 
examined  the  American  iflands,  and  difcovered  the 
ftrait  which  bears  the  name  of  Magellan  before  either 
Chriftopher  Columbus  or  Magellan  failed  thofe  feas ; 
whence  he  mathematically  delineated,  on  a geographi- 
cal chart,  for  the  king  of  Lufitania,  the  fituation  of  the 
coaft  around  every  part  of  that  famous  and  renowned 
ftrait  long  before  Magellan  thought  of  his  expedition.” 
This  wonderful  difeovery  has  not  efcaped  the  notice 
of  contemporary  writers.  The  following  palTage  is 
tranflated  from  the  Latin  chronicle  of  Hartman  Schedl; 

“ In  the  year  1485,  John  II.  king  of  Portugal,  a man 
of  a magnanimous  fpirit,  furnifhed  fome  galleys  with 
provifions,  and  fent  them  to  the  feuthward,  beyond  the 
Straits  of  Gibraltar.  He  gave  the  command  of  this 
fquadron  to  James  Canus,  a Portuguefe,  and  Martin 
Behem,  a German  of  Nuremberg  in  Upper  Germany,  , 
defeended  of  the  family  of  Bonna  : a man  very  w-ell  ac- 
quainted with  the  fituation  of  the  globe ; bleffed  with 
a conftitution  able  to  bear  the  fatigues  of  the  fea  ; and 
who,  by  actual  experiments  and  long  falling,  had  made 
himfelf  perfedtly  mafter  with  regard  to  the  longitudes 
and  latitudes  of  Ptolemy  In  the  weft.  Thefe  two,  by 
the  bounty  of  Heaven,  coafting  along  the  Southern 
Ocean,  and  having  crofled  the  equator,  got  into  the 
other  hemlfphere,  where,  facing  to  the  eaftward,  their 
fhadows  projected  towards  the  fouth  and  right  hand. 
Thus,  by  their  induftry,  they  have  opened  to  us  ano- 
ther world  hitherto  unknown,  and  for  many  years  at- 
tempted by  none  but  the  Genoefe,  and  by  them  in  vain. 
Having  finiftied  this  cruize  in  the  fpace  of  26  months, 
they  returned  to  Portugal  with  the  lofs  of  many  of  their 
feamen  by  the  violence  of  the  climate.” 

Befides  this  evidence  of  the  firft  difeovery  of  America 
having  been  made  by  Behem,  we  find  the  following 
particulars  in  the  remarks  made  by  Petrus  Mateus  on 
the  canon  law,  two  years  before  the  expedition  of  Co- 
lumbus : “ Frimx  navigationes.  See.  The  firft  Chriftian 
voyages  to  the  newl)  diicovered  iflands  became  frequent 
under  the  reign  of  Henry,  fon  of  John,  king  of  Lufi- 
tania. After  his  death  Alphonfus  V.  profecuted  the 
defign  ; and  John,  who  fucceeded  him,  followed  the 
plan  of  Alphonfus,  by  the  affiftance  of  Martin  Bohem, 
a very  fkiltul  navigator  ; fo  that  in  a fhorl  time  the  name 
of  Lufitania  became  famous  over  the  whole  world.” 
Cellarius,  one  of  the  moft  learned  men  of  his  .age,  fays 
exprefsly,  “ Behaimcus  non  modo.  Sec.  Bcehm  did  not 
think  it  enough  to  furvey  the  ifi.-md  of  Fayal,  which  he 
firft  difcovered,  or  the  other  adjacent  iflands  which  the 
Lufitanians  call  Azores,  and  we,  after  the  example  of 
Bishm’s  companicn^,  cA\  FlcmiJJj  iflands,  but  advanced 
ftill  farther  and  farther  fouth,  until  he  arrived  at  the 
remoteft  ftrait,  through  which  Ferdinand  Magellan, 

following 


Beliem. 


(a)  Although  this  record  is  contrary  to  the  generally  received  opinion,  that  the  Azores  were  difcovered  by 
G nl’alva  Velho,  a Portuguefe,  yet  its  authenticity  feeras  unqueftionable.  It  is  confirmed  not  only  by  feveral 
contemporary  writers,  and  by  Wagenfei),  one  of  the  moft  learned  men  of  the  laft  century,  but  likewife  by  a note- 
written  on  parchment  in  the  German  language,  and  fent  from  Nuremberg,  a few  years  agoj  to  M.  Otto,  who 
was  then  inveftigating  the  difeovery  of  America.  The  note  contained,  with  other  things,  the  following  fasfls  : 
“ M.irtin  Beham,  Efq ; fon  of  Mr  Martin  Beham  of  Scoperin,  lived  in  the  reign  of  John  II.  king  of  Portugal, 
in  an  ifland  which  he  difcovered,  and  called  the  ifland  of  Fayal,  one  of  the  Azores,  lying  in  the  Weftern  Ocean.”' 


B E H 

Belicm  fmalleft  degree  invalidate  the  pofitive  evidence  which 
II  , we  have  urged  for  the  Chevalier  Behem’s  being  the  real 
^hring^.  j^ifcoverer  of  the  new  world ; for  it  would  furely  be 
very  abfurd  to  oppofe  the  difficulty  of  ajfgning  motive t for 
certain  adions  perfoimed-  at  a remote  period,  to  the  rea- 
lity of  other  adions  for  which  we  have  the  tcftimony  of 
a cloud  of  contemporary  v.'itneifes.  Suppofing  it  were 
true,  therefore,  that  Behem  had  left  behind  him  no  wri- 
ting claiming  to  himfelf  the  difcovery  of  any  part  of 
the  continent  of  America,  the  only  inference  which 
could  be  drawn  from  his  filence  would  be,  either  that  he 
was  a man  of  great  modefty,  or  that  his  mind  was  in- 
tent only  on  the  acquifition  of  knowledge  to  himfelf, 
without  feeling  the  ufaal  impulfe  to  communicate  that 
knowledge  to  others.  But  it  is  not  true  that  he  has 
left  behind  him  no  claim  of  this  difcovery  to  himfelf. 
The  letters  to  which  we  have  appealed,  and  which  are 
preferved  in  the  archives  of  Nuremberg,  together  with 
the  globe  and  map,  which.he  certainly  made,  furnifli  as 
complete  a confirmation  of  his  claim  as  could  have  been 
furnilhed  by  the  moft  elegant  account  of  his  voyages. 

For  the  filence  of  the  Portuguefe,  many  reafons 
might  be  affigned.  The  difeoveries  of  Columbus  were 
made  fo  much  farther  north  titan  thofe  of  Behem,  that, 
in  an  age  when  geographical  knowledge  w'as  fo  very  li- 
mited, both  Spaniards  and  Portuguefe  might  very  na- 
turally believe  that  the  country  difeovered  by  the  for- 
mer of  thefe  navigators  had  no  connedlion  with  that 
difeovered  by  the  latter.  At  any  rate,  the  Portuguefe, 
wdiofe  difeoveries  proceeded  from  avarice,  were  fatisfied 
with  feraping  together  gold  w'herever  they  could  find 
it ; and  finding  it  in  Africa,  they  thought  not  of  fearch- 
ing  for  it  in  a more  diftant  region,  till  the  fuccefs  of  the 
Spaniards  fhewed  them  their  miflake. 

One  thing  more  is  worthy  of  attention.  The  long 
ftay  of  Columbus  at  Madeira  makes  his  interview  with 
Behem  more  than  probable.  It  is  irnpoffible  that  he 
Ihould  have  negledted  feeing  a man  fo  interefting,  and 
who  could  give  him  every  kind  of  information  for  the 
execution  of  the  plan  which  he  had  formed.  The  ma- 
riners who  accompanied  the  Chevalier  Behem  might 
alfo  have  fpread  reports  at  Madeira  and  the  Azores 
concerning  the  difcovery  of  which  they  had  been  wit- 
nelTes.  What  ought  to  confirm  us  in  this  is,  that  Ma- 
riana fays  himfelf  (book  xxvi.  chap,  iii.),  that  a certain 
veffel  going  to  Africa,  was  thrown  by  a gale  of  wind 
upon  certain  unknotvn  lands  ; and  that  the  failors  at 
their  return  to  Madeira  had  communicated  to  Chrifto- 
pher  Columbus  the  circumftances  of  their  voyage.  All 
authors  agree  that  this  learned  man  had  fome  informa- 
tion refpedling  the  wefiern  Ihores  ; but  they  fpeak  in 
a very  vague  manner.  The  expedition  of  the  Chevalier 
Behem  explains  the  my  fiery  (b). 

BEHRING’S  Bay,  on  the  N.  W.  coafi  of  N.  Ame- 
rica, is  feparated  from  Admiralty  Bay,  on  the  north- 
ward, by  a point  of  land  ; and  lies  N.  W.  from  Crofs 
Sound . — Morse. 

BEHRING’S  Straits,  feparate  Afia  from  America, 
are  fo  called  from  the  Ruffian  navigator,  Capt.  Beh- 
ring, who  with  Ifliirikow,  failed  from  Kamptlchatka, 
• SuPPL.  VoL.  I. 


BEL 

in  Siberia,  on  the  Afiatic  coafi,  in  queft  of  the  New  Bdiyiag,'* 
World,  in  a quarter  where  it  had,  perhaps,  never  been  I! 
approached.  Tliey  both  difeovered  land  wfithin  a few 
degrees  of  the  N.  W.  coafi  of  America.  But  the  more 
recent  difeoveries  of  Capt.  Cook,  and  his  fucceffor, 

Clarke,  have  confirmed  the  near  approxirmation  of  the 
two  continents.  Cape  Prince  of  Wales  is  the  mofi 
wefierly  point  of  the  American  continent,  hitherto 
known.  It  is  fituated  in  N.  lat.  65.  46.  E.  long.  191. 

45.  and  is  39  miles  difiant  from  the  eafiern  coafi  of 
Afia. 

The  fea,  from  the  S.  of  Behring’s  Straits,  to  the 
crefeent  of  ifles  between  Afia  and  America,  is  very 
(hallow.  It  deepens  from  thefe  (traits  (as  the  Briti(h 
feas  do  from  Dover)  till  foundings  are  lofi  in  the  Pa- 
cific Ocean  ; but  that  does  not  take  place  but  to  the  S. 
of  the  ifles.  Between  them  and  the  (traits  is  an  in- 
creafe  from  12  to  54  fathoms,  except  only  off  St 
Thaddeus  Nofs,  where  there  is  a channel  of  greater 
depth.  From  the  volcanic  difpofition,  it  has  been 
judged  probable,  not  only  that  there  was  a feparation 
of  the  continents  at  thefe  (traits,  but  that  the  whole 
fpace  from  the  ifles  to  that  fmall  opening  had  once 
been  dry  land  ; and  that  the  fury  of  the  watery  elem.ent 
adtuated  by  that  of  fire,  had,  in  very  remote  times, 
fubverted  and  overwhelmed  the  tradl,  and  left  the  if- 
lands  to  ferve  as  monumental  fragments. 

The  famous  Japanefe  map  places  fome  iflands  feem- 
ingly  within  thefe  firaits,  on  which  is  befiowed  the 
title  of  Ta  Zue,  or  the  kingdom  of  the  dwarfs.  This 
gives  fome  reafon  to  fuppofe  that  America  was  not 
unknown  to  the  Japanefe ; and  that  they  had,  as  is 
mentioned  by  Ksempfer,  and  Charlevoix,  made  voy- 
ages of  difcovery  ; and,  according  to  the  laft,  adlually 
wintered  upon  the  continent,  where  probably  meeting 
with  the  Efquimaux,  they  might,  in  comparifon  of 
themfelves,  and  jufily,  diftinguifh  them  by  the  name 
of  dwarfs. — ib. 

BEKIA,  or  Beconya,  or  Boqvio,  a fmall  Britifli 
ifland  among  the  Granadillas ; 55  miles  N.  E.  of 
Granada,  and  65  leagues  from  Barbadoes.  It  w^as 
called  Little  Martinico  by  the  French,  and  has  a fafe 
harbour  from  all  wunds  ; but  no  frefli  water.  It  is 
only  frequented  by  thofe  who  catch  turtle.  The  foil 
produces  wild  cotton,  and  plenty  of  water  melons. 

—ib. 

BELCHER,  a townlhlp  in  Hampfhire  co.  Ma(Ta- 
chufetts,  containing  1485  inhabitants,  who  fubfift 
chiefly  by  farming.  It  lies  12  miles  E.  of  Hadley, 
and  85  W.  of  Bofion. — ib. 

BELFAST,  a townlhip  and  bay  in  Flancock  co. 

Difiridt  of  Maine,  both  fituated  in  what  is  called  the 
Waldo  Patent,  at  the  mouth  of  Penobfeot  River 
and  on  its  wefiern  fide  ; 38  miles  N.  E.  by  E.  from 
Hallowell,  and  246  N.  E.  from  Bofion.  The  town 
contains  245  inhabitants.  The  Bay,  on  the  N.  wefi- 
ern part  of  wdiich  the  town  (lands,  runs  up  into  the 
land  by  three  (hort  arms.  Ifle(borough  Ifland  lies 
in  the  middle  of  it,  and  forms  two  channels  leading 
to  the  mouth  of  Penobfeot  river. — ib. 

P BELLAIRE, 
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(b)  For  the  greater  part  of  this  memoir  we  are  indebted  to  M.  Otto’s  paper  on  the  difcovery  of  America, 
publiflied  firfi  in  the  fecond  volume  of  the  American  Tranfadlions,  and  afterwards  by  Nicholfon  in  N'’  II.  and 
III.  of  his  Journal. 
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Bellaire  BELLAIRE,  a pofl-town  near  the  centre  of  Har- 
II  ford  CO.  Maryland,  and  the  chief  of  the  county.  It 
contains  a court-houfe  and  gaol,  and  is  thinly  inhabit- 
ed  ; diliant  from  Harford,  6 miles,  N.  W ; 22  N.  E. 
from  Baltimore,  and  86  W.  S.  W.  from  Philadelphia. 
— Morse. 

BELLINGHAM,  a fmall  farming  townftiip  in 
Norfolk  CO.  Mallachufetts,  containing  <735  inhabitants, 
20  miles  northerly  irom  Providence,  and  34  foutherly 
from  Bofton. — ih. 

BELLS  Mill,  a fettlement  in  N.  Carolina,  near  the 
Moravian  fettlements,  at  the  fonrce  of  Deep  river  the 
N.  weftern-moft  branch  of  the  N.  W,  branch  of  Cape 
Fear,  and  about  50  miles  W.  of  Hillfborough. — il. 

BELPRE,  a poft-town  and  fmall  fettlement  in  the 
territory  N.  W.  of  the  Ohio,  on  the  N.  W.  bank  of 
Ohio  river  between  the  Hockhocking  and  Mulkingum 
rivers  and  oppofite  the  mouth  of  the  Little  Kanhaway  ; 
about  14  miles  below  Marietta,  and  480  S.  W.  by  W. 
from  Philadelphia. — ih. 

BELVIDERE,  a new  townfhip  in  Franklin  co. 

Vermont. Alfo  a village  in  Newjerfey,  in  Suffex 

CO.  iituated  on  Delaware  river  at  the  mouth  of  Pequeft 
river  and  ii  miles  above  Eafton,  in  Pennfylvania. — ih. 

BENNINGTON,  a county  in  the  S.  W.  corner  of 
Vermont,  having  Windham  co.  on  the  E.  and  the  (late 
of  N.  York  on  the  W ; into  which  ftate  it  fends  Batten 
Kill  and  Hoofack  rivers,  which  both  rife  here,  and  fall 
into  Hudfon  river  14  miles  apart  ; Rutland  co.  lies  on 
the  N.  and  the  ftate  of  Maifachufetts  on  the  S.  It 
contains  19  townlhips,  of  which  Bennington  and  Man- 
chefter  are  the  chief.  It  has  12,254  inhabitants,  in- 
-eluding  16  flaves.  The  mountains  here  furnifti  iron 
ore  in  abundance,  and  employ  already,  a furnace  and 
two  forges. — ib. 

Bennington,  the  (hire  town  of  the  above  county, 
and  the  largeft  town  in  the  ftate  of  Vermont,  having 
about  160  houfes,  in  the  compadl  part  of  the  town,  is 
fituated  at  the  foot  of  the  Great  Mountain,  near  the  S. 
W.  corner  of  the  ftate,  24  miles  eafterly  from  the  junc- 
tion of  Hudfon  and  Mohawk  rivers,  and  about  52 
from  the  S.  end  of  Lake  Champlain,  at  the  confluence 
of  the  E.  and  S.  bays  ; and  lies  55  miles  from  Rut- 
land ; 202  miles  N.  eafterly  from  New-York  ; and  300 
in  the  fame  diredlion  from  Philadelphia.  N.  lat.  42. 
42.  W.  long.  74.  10.  Bennington  has  feveral  elegant 
buildings.  Its  public  edifices  are  a congregational 
church,  ftate  houfe  and  gaol.  It  is  the  oldeft  town  in 
the  ftate,  having  been  firft  fettled  in  1764,  and  is  in  a 
flourilhing  condition,  containing  2,400  inhabitants. 
Within  the  townlhip  is  Mount  Anthony,  which  rifes 
very  high  in  a conical  form. 

Two  famous  battles  w'ere  fought  in  or  near  this 
town,  in  one  day,  Aug.  16,  i777>  which  Col. 
.Stark  gained  great  fame.  The  Britifli  loft  4 brafs 
field  pieces,  and  other  military  ftores ; and  befides 
thofe  flain,  700  were  taken  prifoners.  The  killed  and 
wounded  of  the  Americans  were  about  100  men.  This 
defeat  contributed,  in  a great  meafure,  to  the  fubfe- 
quent  furrender  of  Gen.  Burgoyne’s  army. — ib. 

BENSON,  the  N.  wefternmoft  townlhip  in  Rutland 
CO.  Vermont,  is  fituated  on  the  E.  fide  of  Lake  Cham- 
plain ; 57  miles  N.  N.  W.  of  Bennington,  and  has 
658  inhabitants.  Hubberton  river  palfes  through 


Benfon  in  its  v^ay  to  Eaft  Bay.  Cockburne’s  Creek,  Bereans. 
which  feeds  the  fame  bay,  rifes  here. — ib. 

BEREANS,  in  ancient  church  hiftory,  the  inhabi- 
tants of  Berea.  They  are  highly  commended  in  Scrip- 
ture for  their  ready  reception  of  the  gofpel,  upon  a fair 
and  impartial  examination  of  its  agreement  with  the  Old 
Teftament  prophecies.  Sopater,  a Berean,  attended  the 
apoftle  Paul  to  Alia.  Ads  xvii.  10 — 13.  and  xx.  4. 

Bereans,  in  modern  church  hiftory,  a fed  of  Pro- 
teftant  dilfenters  from  the  church  of  Scotland,  who 
take  their  title  from,  and  profefs  to  follow,  the  example 
of  the  ancient  Bereans,  in  building  their  fyftera  of  faith 
and  practice  upon  the  Scriptures  alone,  without  regard 
to  any  human  authority  whatever. 

The  Bereans  agree  with  the  great  majority  of  Chri-  Dodrines. 
ftians,  both  Proteftants  and  Catholics,  refpeding  the 
dodrine  of  the  Trinity,  which  they  hold  as  a fundamen- 
tal article  of  the  Chrlftian  faith  ; and  they  alfo  agree  in 
a great  meafure  with  the  profejfed  principles  of  both  our 
eftablilhed  churches  refpeding  predeftination  and  elec- 
tion, though  they  allege  that  thefe  dodrines  are  not  con- 
fidently taught  in  either  church.  But  they  differ  from 
the  majority  of  all  feds  of  Chriftians  in  various  other 
important  particulars.  Such  as, 

1.  Refpeding  our  knowledge  of  the  Deity.  Upon 
this  fubjed,  they  fay,  that  the  majority  of  profeffed 
Chriftians  ftumble  at  the  very  threfhold  of  revelation ; 
and,  by  admitting  the  dodrine  of  natural  religion,  na- 
tural confcience,  natural  notices,  &c.  not  founded  upon 
revelation,  or  derived  from  it  by  tradition,  they  give  up 
the  caufe  of  Chriftianity  at  once  to  the  infidels ; w'ho 
may  juftly  argue,  as  Mr  Paine  in  fad  does  in  his  Age 
of  Reafon,  that  there  is  no  occafion  for  any  revelation 
or  word  of  God,  if  man  can  difeover  his  nature  and 
perfedions  from  his  works  alone.  But  this,  the  Bereans 
argue,  is  beyond  the  natural  powers  of  human  reafon  ; 
and  therefore  our  knowledge  of  God  is  from  revelation 
alone ; and  that  wnthout  revelation  man  would  never 
have  entertained  an  idea  of  his  exiftence. 

2.  With  regard  to  faith  in  Chrift,  and  affurance  of 
falvation  through  his  merits,  they  differ  from  almoft  all 
other  feds  whatfoever.  Thefe  they  reckon  infcparable, 
or  rather  the  fame  ; becaufe,  they  argue,  God  hath  ex- 
prefsly  declared,  “ He  that  believeth  fhall  be  faved 
and  therefore  it  is  not  only  abfurd,  but  impious,  and  in 
a manner  calling  God  a liar,  for  a man  to  fay,  “ I be- 
lieve the  Gofpel,  but^aw  doubts  neverthelefs  of  my  own 
falvation.”  With  regard  to  the  various  diftindions  and 
definitions  that  have  been  given  of  different  kinds  of 
faith,  they  argue,  that  “ there  is  nothing  incomprehen- 
fible  or  obfeure  in  the  meaning  of  this  word  as  ufed  in 
Scripture ; but  that  as  faith,  when  applied  to  human 
teftimony,  fignifies  neither  more  nor  lefs  than  the  mere 
Ample  belief  of  that  teftimony  as  true,  upon  the  autho- 
rity of  the  teftifier ; fo,  when  applied  to  the  teftimony 
of  God,  it  fignifies  precifely  the  belief  of  his  teftimony, 
and  refting  upon  his  veracity  alone,  without  any  kind 
of  collateral  fupport  from  concurrence  of  any  other  evi- 
dence or  teftimony  whatever.”  And  they  infill,  that 
as  this  faith  is  the  gift  of  God  alone,  fo  the  peifon  10 
whom  it  is  given  is  as  confeious  of  poffeffing  it,  as  the 
being  to  whom  God  gives  life  is  of  being  alive  ; and 
therefore  he  entertains  no  doubts  either  of  this  faith  or 
his  confequent  falvation  through  the  merits  of  Chrift, 

who 
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Berwns-  who  died  and  rofe  again  for  that  purpofe.  In  a word, 
they  argue,  that  the  Gofpel  would  not  be  what  it  is 
held  forth  to  be,  “ glad  tidings  of  great  joy,”  if  it  did 
not  bring  full  perfcnal  afl'urance  of  eternal  falvation  to 
the  believer ; which  aifurance,  they  infift,  “ is  the  pre- 
fent  infallible  privilege  and  portion  of  every  individual 
believer  of  the  Gofpel,”  Thefe  definitions  of  faith,  and 
its  infeparable  concomitant  aifurance,  they  prove  by  a 
variety  of  texts,  which  cur  room  permits  us  not  to 
quote. 

3.  Confiftenily  with  the  above  definition  of  faith, 
they  fay,  that  the  fin  againft  the  Holy  Ghoft,  which 
has  alarmed  and  puzzled  fo  many  in  all  ages,  is  nothing 
elfe  but  unbelief;  and  that  the  exprefiion,  that  “ it  fhall 
not  be  forgiven,  neither  in  this  ’■jjorld  nor  that  which  is 
to  come,”  means  only,  that  a perfon  dying  in  infidelity 
would  not  be  forgiven,  neither  under  the  former  difpen- 
fation  by  Mofes  (the  then  prefent  difpenfation,  kingdom, 
or  government  of  God),  nor  under  the  Gofpel  difpen- 
fation, which,  in  rcfpeft  of  the  Mofaic,  was  a kind  of 
future  world  or  kingdom  to  come. 

4.  The  Bereans  interpret  a great  part  of  the  Old 
Teftament  prophecies,  and  in  particular  the  whole  of 
the  Pfalms,  excepting  fuch  as  are  merely  hiflorical  or 
lauditory,  to  be  typical  or  prophetical  of  Jefus  Chrift, 
his  fufferings,  atonement,  mediation  and  kingdom  : 
and  they  elleem  it  a grofs  perverfion  of  thefe  Pfalms 
and  prophecies  to  apply  them  to  the  experiences  of  pri- 
vate Chriftians.  In  proof  of  this,  they  not  only  urge 
the  words  of  the  apoftle,  that  “ no  prophecy  is  of  any 
private  interpretation,”  but  they  infifl  that  the  whole  of 
the  quotations  from  the  ancient  prophecies  in  the  New 
Teftament,  and  particularly  thofe  from  the  Pfalms,  are 
exprefsly  applied  to  Chrift.  In  this  opinion  many  other 
claffcs  of  Proteftants  agree  with  them. 

5.  Of  the  abfolute  all-fuperintending  fovereignty  of 
the  Almighty,  the  Bereans  entertain  the  higheft  ideas, 
as  well  as  of  the  uninterrupted  exertion  thereof  over 
all  works  in  heaven,  earth,  and  hell,  however  unfearch- 
able  by  his  creatures.  “ A God  without  eledion  (they 
argue),  or  choice  in  all  his  works,  is  a god  without  ex- 
iftence — a mere  idol — a non-entity.  And  to  deny  God’s 
eledion,  purpofe,  and  exprefs  will  in  all  his  works,  is 
to  make  him  Inferior  to  ourfelves.”  For  farther  parti- 
culars refpeding  the  Berean  dodrines,  we  muft  refer 
the  reader  to  the  works  of  Melfrs  Barclay,  Nicol, 
Brookfbank,  &c. 

Origin.  The  Bereans  firft  alfembled  as  a feparate  foclety  of 
Chriftians  in  the  city  of  Edinburgh  in  autumn  1773, 
and  foon  after  in  the  parifh  of  Fettercairn.  The  oppo- 
nents of  the  Berean  dodrines  allege,  that  this  new 
fyftem  of  faith  would  never  have  been  heard  of,  had  not 
Mr  Barclay,  the  founder  of  it,  been  difappointed  of  a 
fettlement  in  the  church  of  Scotland.  A refpedable 
clergyman  of  the  eftablilhed  church  has  even  hinted 
fomething  to  this  purpofe  in  Sir  John  Sinclair’s  Statifti- 
cal  Account,  Vol,  IX.  p.  599.  But  the  Bereans,  in 
anfwer  to  this  charge,  appeal  not  only  to  Mr  Barclay’s 
dodrine,  uniformly  preached  in  the  church  of  Fetter- 
cairn,  and  many  other  places  in  that  neighbourhood, 
for  fourteen  years  before  that  benefice  became  vacant ; 
but  likewife  to  two  different  treatifes,  containing  the 
fame  dodrines,  publilbed  by  him  about  ten  or  twelve 
years  before  that  period.  They  admit,  indeed,  that, 
previous  to  May  1773,  when  the  general  affembly,  by 
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fuftaining  the  king's  prefentatlon  in  favour  of  Mr  Foote,  Bereans. 
excluded  Mr  Barclay  from  fucceeding  to  the  church 
of  Fettercairn  (notwithftanding  the  almofl  unanimous 
defire  of  the  parithioners),  the  Bereans  had  not  left  the 
eftablifhed  church,  or  attempted  to  ered  themfelves  in- 
to a diftind  fociety  ; but  they  add,  that  this  was  by  no 
means  lieceffary  on  their  part,  until  by  the  affembly’s 
decifion  they  were  in  danger  of  being  not  only  deprived 
of  his  inftrudions,  but  of  being  fcattered  as  fheep  with- 
out a fhepherd.  And  they  add,  that  it  was  Mr  Bar- 
clay’s open  and  public  avowal,  both  from  the  pulpit 
and  the  prefs,  of  thofe  peculiar  fentiments  which  now 
diftinguifh  the  Bereans,  that  was  the  firft  and  principal, 
if  not  the  only,  caufe  of  the  oppofition  fet  on  foot 
againft  his  fettlement  in  Fettercairn. 

Having  thus  given  a concife  view  of  the  origin  and  Pradice. 
diftinguifiiing  dodrines  of  Bereanifm,  it  only  remains  to 
mention  a few  particulars  relative  to  the  pradice  of  the 
Bereans  as  a Chriftian  fociety.  Infant  baptifm  they 
confider  as  a divine  ordinance  inftituted  in  the  room  of 
circumcifion  ; and  they  think  it  abfurd  to  fuppofe  that 
infants,  who  all  agree  are  admiflible  to  the  kingdom  of 
God  in  heaven,  fhould  neverthelefs  be  incapable  of  be- 
ing admitted  into  His  vlftble  church  on  earth.  They 
commemorate  the  Lord’s  fupper  in  general  once  a 
month  ; but  as  the  words  of  the  inftitution  fix  no  par- 
ticular period,  they  fomstimes  celebrate  it  oltener,  and 
fometimes  at  more  diftant  periods,  as  may  fuit  their  ge- 
neral convenience.  In  obferving  this  ordinance,  they 
follow  the  primitive  apoftolic  plan,  without  any  previous 
days  of  falling  or  preparation  ; as  they  apprehend  that 
fuch  human  inftitutions  only  tend  to  make  an  idol  of 
the  ordinance,  and  to  lead  people  to  entertain  erroneous 
ideas  of  its  fuperior  folemnity  and  importance.  Equal 
and  univerfalholinefs  in  all  manner  of  converfation,  they 
recommend  at  all  times,  as  well  as  at  the  table  of  the 
Lord.  They  meet  every  Lord’s  day  for  the  purpofe 
of  preaching,  praying,  and  exhortation  to  love  and  good 
works.  With  regard  to  the  admiffion  and  exclufion  of 
members,  their  method  Is  very  fimple.  When  any  per- 
fon, after  hearing  the  Berean  dodtrines,  profefies  his  be- 
lief and  aflurance  of  the  truths  of  the  Gofpel,  and  defires 
to  be  admitted  into  their  communion,  he  Is  cheerfully 
received  upon  his  profeffion,  whatever  may  have  been 
his  former  manner  of  life.  But  if  fuch  an  one  ftioulJ 
afterwards  draw  back  from  his  good  profeffion  or  prac- 
tice, they  firfl  admoniflr  him ; and  if  that  has  no  effedl, 
they  leave  him  to  himfelf.  They  do  not  think  that  they 
have  any  power  to  deliver  up  a backffiding  brother  to 
Satan.  That  text  and  other  fimilar  paftages,  fuch  as, 

“ Whatfoever  ye  fhall  bind  on  earth  fhall  be  bound  in 
heaven,”  &c.  they  confider  as  reftridled  to  the  apoftles 
and  to  the  infpired  teftimony  alone,  and  not  to  be  ex- 
tended to  any  church  on  earth,  or  any  number  of 
churches  or  of  Chriftians,  whether  deciding  by  a majo- 
rity of  votes  or  by  unanimous  voices.  Neither  do  they 
think  themfelves  aiuhorlfed,  as  a Chriftian  church,  to 
enquire  into  each  others  political  opinions,  any  more 
than  to  examine  into  each  others  notions  of  philofophy. 

They  both  recommend  and  pradife,  as  Chriftian  duties, 
fubmiffion  to  lawful  authority;  but  they  do  not  think 
that  a man,  by  becoming  a Chriftian,  or  joining  their 
fociety,  is  under  any  obligation,  by  the  rules  of  the 
Gofpel,  to  renounce  his  rights  of  private  judgment  up- 
on matters  of  public  or  private  importance.  Upon  all 
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I5erUc7  men  who  have  written  on  the  fubjeft.  His  biographi- 
II  cal  powers  appear  in  his  Biographia  Literaria  ; and  in 
all  his  works  are  fufficient  proofs  of  his  claffical  learn- 
ing, and  that  the  Italian,  French,  German,  and  Dutch 
languages,  were  familiar  to  him.  He  poffeifed  likewife 
a very  confiderable  degree  of  mathematical  fcience, 
which  he  acquired  in  the  courfe  of  his  military  ftudies  ; 
and  to  thofe  more  folid  attainments  he  is  faid  to  have 
added  no  fmall  fkiil  in  the  fine  arts  of  painting  and 
mufic.  This  eminent  man,  who,  for  the  variety  and 
promptitude  of  his  knowledge,  has  been  compared  to 
the  Admirable  Crichton,  died  on  the  3d  of  April  1791. 

BERKLEY,  a townfnip  in  Brifiol  co.  Maffachu- 
fetts,  containing  850  inhabitants ; 50  miles  fouthward 
of  Bofton. — Morse. 

Berkley,  the  name  both  of  a county  and  town,  in 
Charlefton  Diftridt,  S.  Carolina,  lying  near  Cooper 
and  Afhley  rivers.  In  the  cenfus  of  1791,  it  was  call- 
ed St  John’s  Parifh,  in  Berkley  co.  and  contained  752 
free  perfons,  and  5170  flaves. — ib. 

Berkley  Co.  in  Virginia,  lies  W.  of  the  Blue  Ridge, 
N.  of  Frederick  co.  and  feparated  from  the  ftate  of 
Maryland,  on  the  N.  and  E.  by  Potowmack  river. 
This  fertile  county,  about  40  miles  long  and  2C  broad, 
has  16,781  free  inhabitants  and  2932  flaves.  Martinf- 
burg  is  its  chief  town. — ib. 

Berkley’^  Sound,  on  the  N.  W.  coaft  of  N.  Ameri- 
ca, lies  on  the  eafiern  fide  of  Quadras  Ifles.  The  land 
on  its  eafiern  fide  is  oppofite  Cape  Flattery,  and  forms 
the  N.  fide  of  the  Straits  de  Fuca. — ib. 

BERK’/  Co.  in  Pennfylvania,  has  Northampton  co. 
on  the  N.  E.  ; Northumberland  on  the  N.  W.  ; part 
of  Luzern  on  the  N. ; Dauphin  and  Lancafier  coun- 
ties S.  W.  and  Chefier  and  Montgomery  S.  E.  It  is 
watered  by  Schuylkill  River  and  is  53  miles  long  and 
near  29  broad,  containing  1,030,400  acres.  Here 
iron  ore  and  coal  are  found  in  plenty,  which  fupply 
feveral  iron  works.  The  northern  parts  are  rough  and 
hilly.  Berks  contains  30,179  inhabitants,  of  whom 
65  only  are  flaves.  It  has  29  townlhips,  of  which 
Reading  is  the  chief. — ib. 

BERKSHIRE  Co.  in  Maflachufetts,  is  bounded  W. 
by  New-York  fiate  ; S.  by  the  fiate  of  Connecticut ; E. 
by  Hampfhire  co.  and  N.  by  the  fiate  of  Vermont.  It 
thus  runs  the  whole  extent  of  the  fiate  from  N.  to  S. 
and  contains  twenty-fix  townlhips  ; the  chief  of  which 
are  Stockbridge,  Lenox,  Great  Barrington,  William- 
ftown,  and  Pittsfield  ; and  the  number  of  inhabitants 
30,291.  White  and  clouded  marble  is  found  in  feve- 
ral towns,  in  the  rough  and  hilly  parts  of  this  county. 

In  February,  1796,  the  legiflature  palfed  an  adf  to 
efiablvlh  a college  in  Williamftown,  by  the  name  of 
Williams  College. — ib. 

Berkshire,  a newly  fettled  townlhip,  in  Franklin 
CO.  Vermont. — lb. 

BERLIN,  a neat  and  fiourifliing  town  of  York  co. 
Fennfylvania,  containing  about  too  hcufss.  It  is  re- 
gularly laid  out,  on  the  S.  W.  fide  of  Conewago 
Creek,  13  miles  v/efierly  of  llorktown,  and  loi  W. 
of  Philadelphia.  N.  lat.  39.  56. — ib. 

Berlin,  a townlhip  in  Orange  co.  Vermont,  on 
Deg  River  a branch  of  Onion  River  from  the  S.  ; 
which  lafi  feparales  Berlin  from  Montpelier,  on  the 
N.  N.  W.  Berlin  contains  134  inhabitants,  and  is 
about  94  miles  N.  eafierly  from  Bennington. — ib. 


Berlin,  a townlhip  in  Hartford  co.  Conneifiicut,  12  Berlm 
miles  S.  S.  W.  of  Hartford,  42  N.  W.  of  New-Lon-  P 
don  ; and  26  N.  N.  E.  of  New-Haven. — ib. 

Berlin,  a townfliip  in  Worcefier  co.  MalTachu- 
fetts,  containing  512  inhabitants;  34  miles  W.  of 
Bofion,  and  15  N.  E.  of  Vforcefier.  Hops  have 
been  cultivated  here  lately,  and  promifed  to  be  a va- 
luable article  of  hulb.indry. — ib. 

Berlin,  in  Somerfet  co.  formerly  in  that  of  Bed- 
ford, Pennfylvania,  lies  on  a branch  of  Stony  Creek,  a 
foiith  water  of  Conemaugh  River  on  the  W.  fide  of  the 
Alleghany  Mountain  ; 25  miles  wefiward  of  Bedford  ; 

23  N.  W.  of  Fort  Cumberland,  in  Virginia,  and  200 
W.  of  Philadelphia.  Stone  Creek,  the  chief  fource 
of  Kifkeminitas  river  riles  N.  N.  E.  of  Berlin.  N. 
lat.  39.  54, — ib. 

BERMUDA  HUNDRED,  or  Cily  Point,  as  it  is 
fometimes  called,  is  a port  of  entry  and  poll  town,  in 
Chefierfield  co.  Virginia,  fituated  on  the  point  of  the 
peninfula,  formed  by  the  confluence  of  the  Appamat- 
tox  with  James  River,  36  miles  wefierly  from  Willi- 
amfourg,  64  from  Point  Comfort,  in  Chefapeak 
Bay,  and  315  S.  W.  by  S.  from  Philadelphia.  City 
Point,  from  which  it  is  named,  lies  on  the  fouthern 
bank  of  James  River,  4 miles  S.  S.  W.  from  this  town. 

The  exports  from  this  place,  chiefly  colleded  at  Rich- 
mond, 20  miles  above  it,  amounted  in  1794,  to  the 
value  of  773,549,  dollars  ; and  from  the  ill  of  Odto- 
ber,  to  ifi  December  1795,  were  as  follow:  15  kegs 
of  butter,  578  bbls.  fuperfine  flour,  loi  half  do.  789 
fine  do.  393  lbs.  indigo,  10  tons  pig  iron,  loolbs.  fal- 
fafras,  80,320  hbd.  flaves,  66,300  bbl.  flaves,  1,819 
hhds.  tobacco,  and  3 kegs  manufadlured  do. — Total 
exports  90,859  dollars,  45  cents.  There  are  about  40 
houfes  here,  including  fome  warehoufes.  It  trades  chief- 
ly with  the  W.  Indies,  and  the  different  fiates.  City 
Point,  in  James  River,  lies  in  N.  lat.  37.  16.  W.  long. 

BERNARD’S  Bay,  lies  on  the  N.  W.  fide  of  the 
gulf  of  Mexico.  The  paffage  into  it,  between  feveral 
iflands,  is  called  Pafco  de  Cavallo. — .ib. 

BERNARDSTOWN,  in  Somerfet  co.  New-Jerfey, 
contains  2377  inhabitants,  including  93  flaves. 

Alfo  the  name  of  a townfhip  in  Hampfiiire  co.  Maf- 
fachufetts,  containing  691  inhabitants;  difiant  no 
miles  wefiward  from  Bofion. — ib. 

BERNE,  a townlhip  in  Albany  co.  New. York.  By 
the  ftate  cenfus  of  1796,  it  appears  there  are  447  of 
the  inhabitants  who  are  eleflors. — ib. 

BERNOULLI  (John),  a celebrated  mathematician, 
was  born  at  Bafil  the  7th  of  Augufi  1667.  His  fa- 
ther intended  him  for  trade;  but  his  own  inclination 
was  at  firft  for  the  belles  lettres,  which,  however,  like 
his  brother  James,  whofe  life  is  given  in  the  Encyclo- 
paedia, he  left  for  mathematics.  He  laboured  with 
bis  brother  to  difeover  the  method  ufed  by  Leibnitz,  in 
his  elfays  on  the  differential  calculus,  and  gave  the  firfi; 
principles  of  the  integral  calculus.  Our  author,  with 
Meffrs  Huygens  and  Leibnitz,  is  faid  to  have  been  the 
firfi  who  gave  the  folution  of  the  problem  propofed  by 
James  Bernoulli,  concerning  the  catenary,  or  curve 
formed  by  a chain  fufpended  by  its  t'-vo  extremities.  But 
for  more  on  this  fubjefl,  fee  Arch  in  this  Supplement^ 

John  Bernoulli  had  the  degree  of  dovfior  of  phyfic  at 
Bafil,  and  two  years  afterward  was  named  profeffor  of 

mathematics 


BET  C io6  2 BET 


BrraowlU  n'l.ith^matics  in  the  univerfity  of  Groningen.  It  was 
li  here  that  he  difcovered  the  mercurial  phofphorus,  or  lu- 
B^ethabara.  barometer  ; and  where  he  refolved  the  problem 

propofed  by  his  brother  concerning  ifoperimetricals. 

On  the  death  of  his  brother  James,  the  profeflbr  at 
J3afil,  our  author  returned  to  his  native  country,  againft 
the  preffing  invitations  of  the  magiftrates  of  Utrecht  to 
come  to  that  city,  and  of  the  univerfity  of  Groningen, 
who  wifhed  to  retain  him.  The  Academic  Senate  of 
Bafil  foon  appointed  him  to  fucceed  his  brother,  with- 
out affembling  competitors,  and  contrary  to  the  efta- 
bliOied  pra»flice  ; an  appointment  which  he  held  during 
liis  v hole  life. 

In  1714  was  publiihed  his  treatife  on  the  manage- 
ment of  fhips  ; and  in  1730  his  memoir  on  the  elliptical 
figure  of  the  planets  gained  the  prize  of  the  Academy 
cf  Sciences.  The  fame  Academy  alfo  divided  the  prize 
for  their  queftion  concerning  the  inclination  of  the  pla- 
netary orbits,  between  our  author  and  his  fon  Daniel. 
See  Bernoulli  (Daniel),  Encycl. 

John  Bernoulli  was  a member  of  mofl  of  the  acade- 
mies of  Europe,  and  received  as  a foreign  aifociate  of 
that  of  Paris  in  1699.  After  a long  life  fpent  in  con- 
Itant  ftudy  and  improvement  cf  all  the  branches  of  the 
mathematics,  he  died  full  of  honours,  the  ift  of  January 
1748,  in  the  81  ft  year  of  his  age.  Of  five  fons  which 
'he  had,  three  purfued  the  fame  fciences  with  himfelf. 
One  of  thefe  died  before  him  ; the  two  others,  Nicolas 
and  Daniel,  he  lived  to  fee  become  eminent,  and  much 
refpeded  in  the  fame  fciences. 

The  writings  of  this  great  man  were  difperfed 
through  the  periodical  memoirs  of  feveral  academies, 
as  well  as  in  many  feparate  treatifes.  And  the  whole 
of  them  were  carefully  collcded  and  publiihed  at 
Laufanne  and  Geneva,  1742,  in  4 vols.  4to.  He  was 
cf  undoubted  eminence  ; but  even  in  fcience  he  was  a 
bafty  man,  and  certainly  envious  of  the  fame  of  Newton. 

BERTIE,  a maritime  co.  in  N.  Carolina,  in  Eden- 
ton  diftrid:,  with  the  Roanoke  Its  S.  boundary,  and 
Albemarle  Sound  on  the  E.  In  it  is  fituated  the  an- 
cient Indian  tower  of  Tufearora.  It  contains  12,606 
fouls,  of  which  number  5141  are  Haves. — Morse. 

BERWICK,  or  Abbotjlown,  a neat  town  in  York 
•CO.  Pennfylvania,  at  the  head  of  Conewago  Creek,  13 
miles  vveftward  of  York,  26  S.  S.  W.  of  Harrifburg, 
and  103  W.  by  S.  of  Philadelphia.  The  town  is  re- 
gularly laid  out,  and  contains  about  100  houfes,  a 
German  Lutheran,  and  a Calvinift  church.  N.  lat.  39. 
54. — ib. 

Berwick,  or  New-Ber^ivick,  a fmall  town  of  North- 
umberland co.  Pennfylvania,  on  the  N.  weftern  fide  of 
the  E.  branch  of  Sufquehannah  River  oppofite  Nefco- 
peck  Falls,  and  Nefcopeck  Creek,  324-  miles  N.  E. 
from  Northumberland  and  Stinbury,  at  the  jundion  of 
the  E.  with  the  W.  branch  of  Sufquehannah,  and  160 
N.  W.  of  Philadelphia.  N.  lat.  41.  3. — ib. 

Berwick,  a townftiip  in  York  co.  Diftrid  of  Maine, 
containing  3894  inhabitants.  It  has  an  incorporated 
academy,  and  lies  on  the  E.  fide  of  Salmon  Fall  Ri- 
ver, 7 miles  N.  W.  of  York,  and  86  E.  of  N.  from 
B often. — ib. 

BETELGEUSE,  a fixed  ftar  of  the  firft  magni- 
tude, in  the  right  fhoulder  of  Orion. 

BETHABARA,  the  firft  fettlement  of  the  Mora- 
vians in  the  lands  of  Wachovia,  in  N.  Carolina,  be- 
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Plalifax,  in  N.  lat.  36.  9.  It  Is  fituated  on  the  W.  II  | 
fide  of  Grafly  Creek,  which  unices  with  tlie  Gargales, 
and  feveral  others,  and  falls  Into  the  Yadkin.  It  con- 
tains a church  of  the  United  Brethren,  and  about  50 
dwelling  houfes. — Morse. 

BETHANY,  or  Bethanla^  a Moravian  fettlement 
and  poft  town,  in  the  lands  of  Wachovia,  in  N.  Caro- 
lina, begun  in  1760;  9 miles  N.  W.  of  Salem,  4 N. 

W.  of  Bethabara,  and  568  S.  W.  by  S.  of  Philadel- 
phia. It  contains  about  60  houfes,  and  a church,  built 
on  a regular  plan. — ib.  \ 

BETHEL,  a fmall  Moravian  fettlement  on  Swetara 

River  In  Pennfylvania,  12  miles  from  Mount  Joy. 

A townftiip  in  Dauphin  county. — ib. 

Bethel,  a townfhip  in  Windfor  co,  Vermont,  con- 
taining 473  inhabitants  ; N.  N.  W.  of,  and  bounded 
by  Stockbridge,  and  about  67  miles  N.  N.  eafterly  of 
Bennington.  It  gives  rife  to  a fmall  branch  of  White 
River. — ib. 

Bethel,  a townftiip  in  Delaware  co.  Pennfylvania. 

— ib. 

Bethel  (Mount)  a townftiip  in  Northampton  coun- 
ty, Pennfylvania. 

BETHLEHEM,  a town  In  Albany  co.  New-York, 
very  fruitful  in  paftures,  and  has  large  quantities  of 
excellent  butter.  By  the  ftate  cenfus  of  1796,  388 
of  the  inhabitants  are  eledlors. — ib. 

Bethlehem,  a townftiip  in  Berkfhire  co.  Maftachu- 
fetts,  having  261  inhabitants.  It  lies  about  10  miles  S. 
of  E.  from  Stockbridge,  10  from  Lenox,  and  130  from 
Bofton.  It  borders  on  Tyringham  and  Loudon. — ib. 

Bethlehem,  a townftiip  in  Hunterdon  co.  New- 
Jerfey,  fituated  at  the  head  of  the  S.  branch  of  Rari- 
ton  River.  It  contains  1335  Inhabitants,  including  31 
Haves.  Turf  for  firing  is  found  here. — ib. 

Bethlehem,  a townfhip  in  Litchfield  co.  ConnedH- 
cut,  joins  Litchfield  on  the  N.  and  Woodbury  on  the 
S. — ib. 

Bethlehem,  a poft  town  in  Northampton  co,  Penn- 
fylvania, is  a celebrated  fettlement  of  the  Moravians, 
or  United  Brethren,  of  the  Proteftant  Epifcopal  church, 
as  they  term  themfelves.  It  is  fituated  on  Lehigh 
River  a weftern  branch  of  the  Delaware,  53  miles 
northerly  from  Philadelphia,  and  18  foutherly  from 
the  Wind  Gap.  The  town  ftands  partly  on  the  lower 
banks  of  the  Manakes,  a fine  creek,  which  affords 
trout  and  other  fifli.  The  fituation  is  healthful  and 
pleafant,  and  In  fummer  is  frequented  by  gentry  from 
different  parts.  In  1787,  there  were  60  dwelling 
houfes  of  ftone,  well  built,  and  600  inhabitants.  Bs- 
fides  the  meeting-houfe,  are  3 other  public  buildings, 
large  and  fpacious ; one  for  the  Tingle  brethren,  one  for 
the  fingle  fifters,  and  the  other  for  the  widows.  The 
literary  eftabllfhments,  as  well  as  the  religious  regula- 
tions, here,  deferve  notice. — In  a houfe  adjoining  to 
the  church,  is  a fchool  for  females ; and  fiiice  1787,  a 
boarding  fchool  for  young  ladies,  who  are  fent  here 
from  different  parts,  and  are  inftruifted  in  reading  and 
writing  (in  the  Englifh  and  German  tongues)  gram- 
mar, arithmetic,  geography,  needle  work,  mufic,  &c. 

The  minifter  of  the  place  has  the  direflion  of  this  as 
well  as  of  the  boys  fchool,  which  is  kept  In  a feparate 
houfe,  where  they  are  initiated  in  the  fundamental 
branches  of  literature.  Thefe  fchools,  efpecially  that 
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Beverly  for  the  young  ladies,  are  defervcdly  in  very  high  re- 
U pute  ; and  Icholars,  more  than  can  be  accommodated, 
are  offered  from  all  parts  of  the  United  States. 

There  is  at  the  lower  part  of  the  town  a machine, 
of  fimple  conllrudion,  which  raifes  the  water,  from  a 
fpring,  into  a refervoir,  to  the  height  of  loo  feet  ; 
whence  it  is  conduced  by  pipes  into  the  feveral  ftreets 
of  the  town. 

There  is  a genteel  tavern  at  the  N.  end  of  the  town, 
the  profit  arifing  from  which,  belongs  to  the  fociety. 
There  is  alfo  a ftore,  with  a general  affortment  of 
goods,  an  apothecary’s  fhop,  a large  tan-yard,  a cur- 
rier’s, and  a dyer’s  Ihop,  a grift-mill,  a falling-mill, 
an  oil-mill,  and  a I’avv-mill,  and  on  the  banks  of  the 
Lehigh,  a brew'ery.  N.  lat.  40.  37.  W.  long.  75.  14. 
— Morse. 

BEVERLY,  a townfhip  and  poft  town  in  Eftex  co. 
Maflachufetts,  containing  3290  inhabitants,  is  feparat- 
ed  from  Salem  by  a handfome  bridge,  and  is  about  20 
miles  E.  of  N.  of  Bofton,  and  22  S.  W.  of  Newbury- 
port.  It  has  two  pariflies.  In  the  parifh  next  the 
harbor,  are  a number  of  handfome  houfes,  exhibiting 
the  cheering  rewards  of  enterprife  and  induftry,  and 
the  inhabitants  are  devoted  to  the  fiftiery  and  other 
branches  of  navigation.  In  the  other  part  of  the  town, 
which  is  chiefly  agricultural,  is  a cotton  manufaflory. 
The  bridge,  mentioned  before,  is  1500  feet  in  length, 
erected  in  1788,  and  connedts  this  town  with  Salem. 
It  has  a draw  for  veffels. — ib. 

Beverly’s  Manor,  or  Irijh  Trad,  in  Virginia,  is  a 
tradf  of  land,  in  N.  lat.  38.  to.  at  the  head  of  MalTa- 
Euten’s  River,  a weftern  branch  of  the  Shenandoah, 
which  rifes  here  by  three  branches,  viz.  Middle  River, 
Lewis  and  Chriftian  Creeks.  It  lies  between  the  Blue, 
and  the  North  Ridge.  The  road  from  Yadkin  River, 
through  Virginia  to  Philadelphia,  paffes  through  here. 
—lb. 

BEZOUT  (Stephen),  a celebrated  French  mathe- 
matician, member  of  the  Academies  of  Sciences  and  the 
Marine,  and  examiner  of  the  guards  of  the  marine  and 
of  the  eleves  of  artillery,  was  born  at  Nemours  the 
31ft  of  March  1730.  In  the  courfe  of  his  ftudies  he 
met  with  fome  books  of  geometry,  which  gave  him  a 
tafte  for  that  fcience  ; and  the  Eloges  of  Fontcnelle, 
ihewed  him  the  honours  attendant  on  talents  and  the 
love  of  the  fciences.  His  father  in  vain  oppofed  the 
ftrong  attachment  of  young  Bezout  to  the  mathemati- 
cal fciences.  April  8,  1758,  he  was  named  adjoint- 
mechanician  in  the  French  Academy  of  Sciences  ; hav- 
ing before  that  fent  them  two  ingenious  memoirs  on 
the  integral  calculus,  and  given  other  proofs  of  his  pro- 
ficiency in  mathematics.  In  1763,  he  was  named  to 
the  new  office  of  examiner  to  the  marine,  and  appoint- 
ed to  compofe  a fyftem  of  mathematics  for  their  ufe ; 
and  in  1768,  on  the  death  of  M.  Camus,  he  fucceeded 
as  examiner  of  the  artillery  eleves. 

Bezout  fixed  his  attention  more  particularly  to  the 
refolution  of  algebraic  equations ; and  he  firft  found  out 
the  folution  of  a particular  clafs  of  equations  of  all  de- 
grees. This  method,  different  from  all  former  ones, 
was  general  for  the  cubic  and  biquadratic  equations,  and 
juft  became  particular  only  at  thofe  of  the  5th  degree. 
Upon  this  work  our  author  laboured  from  1762  till 
1779,  when  he  publiflied  it.  Fle  compofed  two  courfes 
of  mathematics ; the  one  for  the  marine,  the  other  for  the 


artillery.  The  foundation  of  thefe  two  works  was  the  Bezout 
fame  ; the  applications  only  being  different,  according  to  . II 
the  two  different  objeffs : thefe  courfes  have  everyw'here 
been  held  in  great  eftimation.  In  his  office  of  examiner  he 
difeharged  the  duties  with  great  attention,  care,  and 
tendernefs.  A trait  of  his  juftice  and  zeal  is  remarkable 
in  the  following  inftance  : During  an  examination  which 
he  held  at  Toulon,  he  was  told  that  two  of  the  pupils 
could  not  be  prefent,  being  confined  by  the  fmall-pox  : 
he  himfelf  had  never  had  that  difeafe,  and  he  was  great- 
ly afraid  of  it ; but  as  he  knew  that  if  he  did  not  fee 
thefe  two  young  men,  it  would  much  impede  their  im- 
provement, he  ventured  to  their  bed  fides  to  examine 
them,  and  was  happy  to  find  them  fo  deferving  of  the 
hazard  into  which  he  put  himfelf  for  their  benefit. 

Mr  Bezout  lived  in  this  employment  for  feveral  years, 
beloved  of  his  family  and  friends,  and  refpedled  by  all, 
enjoying  the  fruits  and  the  credit  of  his  labours.  But  the 
trouble  and  fatiguesof  his  offices, with  fome  perfonalcha- 
grines,  had  reduced  his  ftrength  and  confticution ; he  was 
attacked  by  a malignant  fever,  of  which  he  died  Sept.  27, 

1783,  in  the  54th  year  of  his  age,  regretted  by  his  fa- 
mily, his  friends,  the  young  ftudents,  and  by  all  his 
acquaintance  In  general. 

The  books  publifhed  by  him  were:  r.  Courfe  of 
Mathematics  for  the  ufe  of  the  Marine,  with  a Trea- 
tife  on  Navigation,  6volsin  8vo,  Paris,  1764,  2.  Courfe 
of  Mathematics  for  the  Corns  of  Artillery,  4 vols  in 
8vo,  1770.  3.  General  Theory  of  Algebraic  Equa- 

tions, 1779. 

His  papers  printed  in  the  volumes  of  the  Memoirs  of 
the  Academy  of  Sciences  are;  i.  On  curves,  whofe 
redlificatlon  depends  on  a given  quantity,  in  the  volume 
for  1758.  2.  On  feveral  clalfes  of  equations  that  admit 

of  an  algebraic  folution,  1762.  3.  Firft  volume  of  a 

courfe  of  mathematics,  1764.  4.  On  certain  equations, 

&c.  1764.  5.  General  refolution  of  all  equations,  1765. 

6.  Second  volume  of  a courfe  of  mathenratics,  1765. 

7.  Third  volume  of  the  fame,  1766.  8.  Fourth  volume 

of  the  fame,  1767.  9.  Integration  of  differentials,  &c. 

vol.  3.  Sav.  Etr.  10.  Experiments  on  cold,  1777. 

BIG  BONE  Creek,  in  Woodford  co.  Kentucky, 
falls  into  the  Ohio  from  the  E.  in  about  N.  lat.  39.  17. 

W.  long.  85.  54.  It  is  very  fmall  in  fize,  and  has 
three  branches ; the  N.  wefternmoft  Interlocks  with 
Bank  Lick  Creek,  which  falls  into  Licking  River.  It 
is  only  noticeable  for  the  large  bones,  and  fait  licks 
near  it. — Morse. 

Big  Bowe  Licks,  The,  He  on  each  fide  of  the 
above-mentioned  creek,  a little  below  thejunffion  of 
the  two  eaftern  branches,  about  8 miles  from  tlie 
mouth  of  the  creek.  Thefe, "as  alfo  the  other  fait 
fprings,  in  the  weftern  country,  are  called  Licks,  be- 
caufe  the  earth  about  them  is  furrowed  up  in  a moft 
curious  manner,  by  the  buffaloes  and  deer  which  lick 
the  earth,  on  account  of  the  faline  particles  with  which 
it  is  impregnated.  A ftream  of  brackifli  water  runs 
through  thefe  licks,  the  foil  of  w’hich  is  a foft  clay. — The 
large  bones  found  here,  and  in  feveral  other  places  near 
fait  licks,  and  in  low  foft  grounds,  thought  to  belong 
to  the  mammoth,  ftill  puzzle  the  moft  learne<l  natu- 
ralifts  to  determine  to  what  animal  they  have  belong- 
ed. A thigh  bone  found  here  by  General  Parfens, 
meafured  forty-nine  inches  in  length.  A tooth  of  this 
animal  is  depofited  in  Yale  College.  Mr  Jefferfon, 

who 
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Blacklock.  ment  was  always  confined  to  a few  fatirical  verfes,  rally  enough  entertain  againft  a paftor  deprived  of  fight,  Blacklock. 
which  were  generally  burnt  foon  after.  or  perhaps  from  all  thefe  caufes  united,  were  fo  extreme- 

“ I have  frequently  admired  with  what  readinefs  and  ly  difinciined  to  receive  him  as  their  minifier,  that  after 
rapidity  he  could  iometimes  make  verfes.  I have  a legal  difpute  of  nearly  two  years,  it  w'as  thought  ex- 
known  him  diiSate  from  thirty  to  forty  verfes,  and  by  pedient  by  his  friends,  as  it  had  always  been  wifhed  by 
no  means  bad  ones,  as  faft  as  I could  write  them  ; but  himfelf,  to  compromife  the  matter,  by  refigning  his 
the  moment  he  was  at  a lofs  for  a rhime  or  a verfe  to  right  to  the  living,  and  accepting  a moderate  annuity 
his  liking,  he  ftopt  altogether,  and  could  very  feldom  in  its  ftead.  With  this  {lender  provifion  he  removed  In 
be  induced  to  finifii  what  he  had  begun  with  fo  much  1764  to  Edinburgh  ; and  to  make  up  by  his  Induftry 
ardour.”  a more  comfortable  and  decent  fubfiftence,  he  adopted 

This  account  fufficiently  marks  that  eager  fenfibllity,  the  plan  of  receiving  a certain  number  of  young  gentle- 
chaftened  at  the  fame  time  with  uncommon  gentlenefs  men  as  boarders  into  hishoufe,  whofe  ftudiesin  langua- 
of  temper,  which  charadterlfed  Dr  Blacklock,  and  ges  and  philofophy  he  might,  if  neceffary,  aflift.  In 
which  indeed  It  was  impoffible  to  be  at  all  in  his  com-  this  fituation  he  continued  till  the  year  1787,  when  he 
pany  without  perceiving.  In  the  fcience  of  mind,  this  found  his  time  of  life  and  ftate  of  health  required  a de- 
ls thatdivifion  of  It  which  perhaps  one  would  peculiarly  gree  of  quiet  and  repofe  which  Induced  him  to  difcon- 
appropriate  to’poetry,  at  lead  to  all  thofe  lighter  fpe-  tinue  the  receiving  of  boarders.  In  1767  the  degree 
cies  which  rather  depend  on  quicknefs  of  feeling,  and  of  dodor  in  divinity  was  conferred  on  him  by  the  uni- 
the  ready  conception  of  pleafing  images,  than  on  the  verfity  and  Marifchal  college  of  Aberdeen, 
happy  arrangement  of  parts,  or  the  fkilful  conftrudion  In  the  occupation  which  he  thus  exercifed  forfo  ma- 
of  a wEole,  which  are  effential  to  the  higher  depart-  ny  years  of  his  life,  no  teacher  v.'as  perhaps  ever  more 
rnents  of  the  poetical  art.  The  firft  kind  of  talent  is  agreeable  to  his  pupils,  nor  mafter  of  a family  to  its  in- 
like thofe  warm  and  light  foils  which  produce  their  mates,  than  Dr  Blacklock.  The  gentlenefs  of  his  man- 
annual  crops  in  fuch  abundance;  the  laft,  like  that  ners,  the  benignity  of  his  difpofition,  and  that  warm  in- 
deeper  and  firmer  mould  on  which  the  roots  of  eternal  tereft  in  the  happinefs  of  others  which  led  him  fo  coil- 
forefts  are  fixed.  Of  the  firft  we  have  feen  many  hap-  ftantly  to  promote  it,  were  qualities  that  could  not  fail 
py  inftances  in  that  fex  which  is  fuppofed  lefs  capable  to  procure  him  the  love  and  regard  of  the  young  people 
of  ftudy  or  thought ; from  the  laft  is  drawn  that  maf-  committed  to  his  charge  ; while  the  fociety,  which 
culine  fublimity  of  genius  which  could  build  an  Iliad  efteem  and  refpedt  for  his  charader  and  his  genius  often 
or  a Paradife  Loft.  alfembled  at  his  houfe,  afforded  them  an  advantage  rare- 

Dr  Blacklock  could  never  dIdate  till  he  flood  up  ; ly  to  be  found  in  eftablifhments  of  a fimilar  kind, 
and  as  his  blindnefs  made  walking  about  without  af-  In  this  mixed  fociety  he  appeared  to  forget  the  pri- 
fiftance  inconvenient  or  dangerous  to  him,  he  fell  infen-  vatlon  of  fight,  and  the  melancholy  which  it  might  at 
fibly  into  a vibratory  fort  of  motion  of  his  body,  which  other  times  produce  in  his  mind.  He  entered,  with  the 
increafed  as  he  warmed  with  his  fubjed,  and  was  plea-  cheerful  playfulnefs  of  a young  man,  into  all  thefpright- 
fed  with  the  conceptions  of  his  mind.  This  motion  at  ly  narrative,  the  fportful  fancy,  and  the  humorous  jeft 
laft  became  habitual  to  him  ; and  though  he  could  fome-  that  rofe  around  him.  Next  to  converfation,  mufic  was 
times  reftrain  it  when  on  ceremony,  or  on  any  public  perhaps  the  fource  of  his  greateft  delight ; for  he  not 
appearance,  fuch  as  preaching,  he  felt  a certain  uneafi-  only  relifhed  it  highly,  but  was  himfelf  a tolerable  per- 
nefs  from  the  effort,  and  always  returned  to  it  when  he  former  on  feveral  inftruments,  particularly  the  flute, 
could  without  impropriety.  This  appearance  he  de-  He  generally  carried  in  his  pocket  a fmall  JIageolet,  on 
fcribes  in  a fliort  poem,  in  which  he  gives  a ludicrous  which  he  played  his  favourite  tunes  ; and  was  not  dif- 
pidure  of  himfelf ; a pidure  indeed,  of  which,  though  pleafed  when  alked  in  company  to  play  or  to  fing  them  ; 
the  outlines  are  true,  the  general  effed  is  greatly  over-  a natural  feeling  for  a blind  man,  who  thus  adds  a 
charged.  Though  his  features  were  hurt  by  the  dif-  fcene  to  the  drama  of  his  fociety. 

cafe  which  deprived  him  of  fight,  there  was  a certain  Of  the  happinefs  of  others,  however,  we  are  incom- 
placid  expreffion  In  his  countenance,  which  marked  the  patent  judges.  Companionlhip  and  fympathy  bring 
benevolence  of  his  heart,  and  was  calculated  to  procure  forth  thofe  gay  colours  of  mirth  and  cheerfulnefs  which 
to  him  individual  attachments  and  general  regard.  they  put  on  fora  while,  to  cover  perhaps  that  fadnefs 
In  1762  he  married  Mifs  Sarah  Johnfon,  daughter  which  we  have  no  opportunity  of  witneffing.  Of  a blind 
of  Mr  Jofeph  Johnfon  furgeon  in  Dum.^rles  ; aeon-  man’s  condition  we  are  particularly  liable  to  form  a mif- 
nedion  which  formed  the  great  folace  and  bleffmg  of  taken  eftimate  ; we  give  him  credit  for  all  thofe  gleams 
his  future  life,  and  gave  him,  with  all  the  tendernefs  of  of  delight  which  fociety  affords  him,  without  placing 
a wife,  all  the  zealous  care  of  a guardian  and  a friend,  to  their  full  account  thofe  dreary  moments  of  darkfome 
This  event  took  place  a few  days  before  his  being  or-  folitude  to  which  the  fufpenfion  of  that  fociety  con- 
dained  minifter  of  the  town  and  parifli  of  Kircudbright,  demns  him.  Dr  Blacklock  had  from  nature  a confti- 
in  confequence  of  a prefentation  from  the  crown,  ob-  tution  delicate  and  nervous,  and  his  mind,  as  is  almoft 
tained  for  him  by  the  earl  of  Selkirk,  a benevolent  no-  always  the  cafe,  was  in  a great  degree  fubjefi:  to  the  In- 
bleman,  whom  Mr  Blackloek’s  fituation  and  genius  had  difpofition  of  his  body.  He  frequently  complained  of 
interefted  in  his  behalf.  But  the  inhabitants  of  the  a lownefs  and  dcpreflion  of  fpirits,  which  neither  the  at- 
parilh,  whether  from  that  violent  averfion  to  patronage,  tentions  of  his  friends,  nor  the  unceafing  care  of  amoft 
which  was  then  fo  univerfal  in  the  fouthern  parts  of  affedtionate  wife,  were  able  entirely  to  remove.  The 
Scotland,  from  fome  political  dlfputes  which  at  that  imagination  we  are  fo  apt  to  envy  and  admire  ferves 
time  fubfifted  between  them  and  his  noble  patron,  or  but  to  irritate  this  diforder  of  the  mind  ; and  that  fancy 
from  thofe  prejudices  which  fome  of  them  might  natu-  in  whofe  creation  we  fo  much  delight,  can  draw,  from 

fources. 
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yiacklock.  fcurces  unknown  to  common  men,  fubjefls  of  difguft,  dif- 
quietude,  and  afflidlion.  Some  of  his  later  poems  exprefs 
a chagrin,  though  not  of  an  ungentle  fort,  at  the  fup- 
pofed  failure  of  his  imaginative  powers,  or  at  the  faftidi- 
oufnefs  of  modern  times,  which  he  defpaired  to  pleafe. 

“ Such  were  his  efforts,  fneh  his  cold  reward, 

“ Whom  once  thy  partial  tongue  pronounc’d  a bard ; 
“ Excurfive,  on  the  gentle  gales  of  fprirg, 

“ He  rov’d,  whilft  favour  imp’d  his  timid  wing ; 

“ Exhaufted  genius  now  no  more  infpires, 

“ But  mourns  abortive  hopes,  and  faded  fires ; 

“ The  fhort-liv’d  wreath,  which  once  his  temples  grac’d, 
“ Fades  at  the  fickly  breath  of  fqueamifli  tafte  ; 

“ Whilft  darker  days  his  fainting  flames  immure 
“ In  cheerlefs  gloom  and  winter  premature.” 

Thefe  lines  are,  however,  no  proof  of  “ exhaufted 
genius,”  or  “ faded  fires.”  “ Abortive  hopes,”  indeed, 
muft  be  the  lot  of  all  who,  like  Dr  Blacklock,  reach 
the  period  of  old  age.  In  early  youth  the  heart  of 
every  one  is  a poet;  it  creates  a feene  of  imagined  hap- 
pinefs  and  delufive  hopes ; it  clothes  the  world  in  the 
bright  colours  of  its  own  fancy  ; it  refines  what  is  coarfe. 
It  exalts  what  is  mean  ; it  fees  nothing  but  difintereft- 
ednefs  in  friendfhip,  it  promifes  eternal  fidelity  In  love. 
Even  on  the  diftreffes  of  Its  fituation  it  can  throw  a 
certain  romantic  ftiade  of  melancholy  that  leaves  a man 
fad,  but  does  not  make  him  unhappy.  But  at  a more 
advanced  age,  “ the  fairy  vifions  fade,”  and  he  fuffers 
moft  deeply  who  has  indulged  them  the  moft. 

About  the  time  that  thefe  verfes  were  written.  Dr 
Blacklock  was,  for  the  firft  time,  afflifted  with  what  to 
him  muft  have  been  peculiarly  diftrefsful.  He  became 
occafionally  fubjedl  to  deafnefs,  which,  though  he  fcl- 
dom  felt  it  in  any  great  degree,  was  fufficient,  in  his 
fituation,  to  whom  the  fenfe  of  hearing  was  almoft  the 
only  channel  of  communication  with  theexternal  world, 
to  caufe  very  lively  uneafinefs.  Amidft  thefe  indifpo- 
fitions  of  body,  however,  and  difquietudes  of  mind,  the 
gentlenefs  of  his  temper  never  forfook  him,  and  he  felt 
all  that  refignation  and  confidence  in  the  Supreme  Be- 
ing which  his  earHeft  and  his  lateft  life  equally  acknow- 
ledged. In  fummer  1791  he  was  feized  with  a feverifh 
diforder,  which  at  firft  leemed  of  a flight,  and  never  rofe 
to  a very  violent  kind  ; but  a frame  fo  little  robuft  as 
his  was  not  able  to  refift  it,  and  after  about  a week’s 
illnefs  it  carried  him  ofif  on  the  7th  day  of  July  1791. 
His  wife  furvives  him,  to  feel,  amidft  the  heavy  afflic- 
tion of  his  lofs,  that  melancholy  confolation  which  is 
derived  from  the  remembrance  of  his  virtues. 

The  writings  of  Dr  Blacklock  confifted  principally  of 
poems,  which  were  publiflied  in  4to  in  the  year  1793; 
and  to  that  edition  was  added.  An  Ejfay  on  the  Educa- 
tion of  the  Blind.,  tranjlated from  the  French  of  M,  Hauy. 
But  befides  his  avowed  works,  we  have  reafon  to  be- 
lieve that  he  was  the  author  of  many  articles  in 
the  fecond  edition  of  the  Encyclopedia,  though  we 
cannot  fay  with  certainty  w'hat  thofe  articles  w'ere.  If 
our  memory  does  not  deceive  us,  we  have  been  inform- 
ed that  the  preface  to  that  edition  was  furniflied  by 
him  ; and  we  have  elfewhere  attributed  to  him,  on  the 
beft  authority,  the  article  Blind,  and  the  Notes  to  the 
article  Music  : but  he  undoubtedly  contributed  m.uch 
more  to  the  work,  and  was  one  of  the  principal  guides 
of  the  proprietors. 
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BLACK  River.  There  are  two  fmall  rivers  of  this 
name  in  Vermont,  one  falls  into  Connefticut  River  at 
Springfield,  the  other  runs  N.  into  Lake  Memphrema- 
gog. — Morse. 

Black  River,  in  N.  York,  interlocks  with  Canada 
Creek,  and  runs  N.  W.  into  Iroquois  River,  boatable 
60  miles.  Alfo,  a long  river  which  rifes  in  Virginia, 
and  pafles  fouth  eafterly  into  Nottaway  River  in  N. 
Carolina. — ib. 

Black  River,  a Britifh  fettlement  at  the  mouth  of 
Tinto  River,  20  leagues  to  the  E.  of  Cape  Honduras, 
the  only  harbor  on  the  coaft  of  Terra  Firma,  from  the 
ifland  of  Rattan  to  Cape  Gracias  a Dios,  and  was  for 
more  th.an  60  years  the  refuge  of  the  logwood  cutters, 
when  the  Spaniards  drove  them  from  the  forefts  of 
Eaft  Yucatan,  which  occafioned  adventurers  of  differ- 
ent kinds  to  fettle  here,  where  the  coaft  is  fandy,  low 
and  fwampy  ; higher  up  near  the  rivers  and  lagoons, 
which  are  full  of  fiffl,  the  foil  is  more  fertile,  and  pro- 
duces plantanes,  cocoa-trees,  maize,  yams,  potatoes, 
and  variety  of  vegetables  ; and  the  paffion  for  drinking 
fpirits,  made  them  plant  fugar  canes.  The  forefts  are 
full  of  deer,  Mexican,  fwine  and  game.  The  fhores 
abound  with  turtle,  and  the  woods  with  mahogany, 
zebra-wood,  farfaparilla,  &c.  and  indeed  the  whole 
fettlement  flourifties  fpontaneoufly  without  cultivation. 
— ib. 

Black  River,  in  the  ifland  of  Jamaica,  paffes 
through  a level  country.  Is  the  deepelt  and  largeft  in 
the  ifland,  and  will  admit  flat  bottomed  boats  and  ca- 
noes for  about  30  miles. — ib. 

BLADEN,  a county  of  N.  Carolina,  In  Wilming- 
ton diftriff:.  It  has  5084  inhabitants,  including  1676 
flaves. — ib. 

BLADENSBURG,  a poft  town  in  Prince  George 
CO.  Maryland,  on  the  eaftern  bank  of  the  eaftern  branch 
of  Potowmack  River  at  the  confluence  of  the  N.  W. 
and  N.  E.  branches  ; 9 miles  from  its  mouth  at  the 
Federal  City  ; 38  S.  W.  from  Baltimore,  and  12  N. 
E.  from  Alexandria,  in  Virginia.  It  contains  about 
150  houfes,  and  a ware-houfe  for  the  infpe(5lion  of  to- 
bacco.— ib. 

BLANCO  Capes.  There  are  many  capes  of  this 
name,  as  follow,  i . The  N.  w'eftern  point  of  the  bay 
of  Salinas,  in  the  loth  degree  of  N.  latitude  ; and  on 
the  coaft  of  Terra  Firma ; and,  in  other  maps,  is  call- 
ed the  N.  weftern  point  of  the  gulf  of  Nicoya. — 2.  On 
the  coaft  of  California,  at  the  broadeft  part  of  the  pe* 
ninfula,  in  the  32ft  degree  of  N.  latitude. — 3.  On  the 
N.  W.  coaft  of  America,  in  New-Albion,  fouthward 
of  the  mouth  of  what  has  been  called  the  River  of  the 
Weji,  In  the  44th  degree  of  N.  latitude. — 4.  A pro- 
montory of  Peru,  in  S.  America,  on  the  coaft  of  the  S. 
Sea,  1 20  miles  S.  W.  of  Guayaquil,  S.  lat.  3.  45.  W. 
long.  83. — 5.  A cape  in  the  fouthern  ocean,  on  the 
E.  fide  of  Patagonia,  S.  eaftward  of  Julian  Bay,  in 
the  47th  degree  of  S.  latitude,  8 leagues  W.  of  Pepys’s 
Ifland. — ib. 

Blanco,  or  Blanca,  an  ifland  35  leagues  from  Terra 
Firma,  and  N.  of  Margarita  Ifland  in  the  province  of 
New-Andalufia.  It  is  flat,  low,  and  uninhabited  ; 
having  favannahs  of  long  grafs ; is  dry  and  healthy  ; 
has  plenty  of  guanas,  and  fome  trees  of  lignumvitas. 
N.  lat.  II.  50.  W.  long.  64.  50. — ib. 
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Bleaching,  dlfengage  itfelf,  drives  out  the  atmofpherical  air  which 
is  in  the  apparatus : when  it  is  judged  that  the  atmo- 
fpheric  air  has  pafled  into  the  cavities,  it  is  to  be  drawn 
off  by  means  ot  a bent  tube,  which  is  to  be  introduced 
fucceffively  under  each  cavity : to  drive  out  the  water 
which  has  entered  into  the  tube,  this  laft.  is  to  be  forcibly 
blown  into.  The  operation  is  then  fuffered  to  go  on 
without  fire  until  it  is  perceived  that  the  bubbles  come 
over  but  fluwly  : then  a little  fire  is  to  be  applied,  which 
is  not  to  be  haftily  increafed  at  the  beginning,  but  may 
be  gradually  augmented,  fo  that  at  the  end  of  the  opera- 
tion the  matter  may  be  brought  to  a boiling  ftate.  It 
is  known  to  be  nearly  finilhed  when  the  tube  by  which 
the  gas  is  difengaged,  and  the  intermediate  veffel,  be- 
come hot.  when  the  gas  is  difengaged  only  in  a fmall 
quantity,  the  fire  may  be  withdrawn  ; and  when  the 
difiilling  veffel  retains  but  a gentle  warmth,  it  is  to  be 
unluted,  and  warm  water  Is  to  be  poured  upon  the  re- 
fidue,  that  it  may  remain  in  folution,  and  thereby  be 
more  eafily  poured  cut. 

“ The  operation  Is  longer  or  fliorter  according  to  the 
quantity  of  materials  : with  that  above  mentioned,  it 
Ihould  laft  five  or  fix  hours ; it  is  proper  not  to  haften 
it,  that  a larger  quantity  of  gas  may  be  drav/n  off. 
A fingle  perfon  is  able  to  manage  feveral  diftillations  at 
the  fame  time  ; to  each  of  which  may  be  given  much 
larger  quantities  of  materials  than  thofe  which  have 
been  pointed  out. 

“ The  intermediate  veffel  by  degrees  becomes  filled 
with  a liquor  which  is  pure,  though  weak,  muriatic 
acid  ; neverthelefs,  we  may  perform  the  operation  fe- 
veral times  without  extrading  it : but  when  it  is  fup- 
pofed  that  tliere  is  not  fufficlent  empty  fpace,  this  acid 
is  to  be  drawn  off  by  means  of  a fyphon,  and,  when  we 
have  colleded  a fufficient  quantity  of  it,  it  may  be 
fubftituted  for  the  mixture  of  vitriolic  acid  and  com- 
mon fait  in  the  operation  we  have  deferibed,  if  we  have 
no  other  ufe  to  make  of  it.  That  there  may  pafs  but 
a fmall  quantity  of  muriatic  acid,  not  oxygenated,  the 
firft  tube  ought  to  form  a right  angle,  or  even  an  ob- 
tufe  one,  with  the  body  matrafs. 

‘‘During  the  operation,  the  agitator  mull  be  from 
time  to  time  put  in  motion,  to  favour  the  abforptlon 
of  the  gas  by  the  water:  when  it  is  finifhed,  the  liquor 
is  of  a proper  firergth  to  ufe  in  bleaching  ; or  we  may 
put  a lefs  quantity  of  water  in  the  tub,  and  then  dilute 
the  liquor  according  to  the  proportion  already  men- 
tioned. 

“ In  this  Rate  of  concentration,  although  the  liquor 
has  a pretty  Rrong  odour,  it  neverthelefs  is  not  hurtful, 
nor  even  very  unpleafant,  to  thofe  who  ufe  it ; it  is, 
however,  proper  to  condud  it  Into  the  troughs  where 
the  cloths  are  placed  by  means  of  wooden  canals,  which 
are  to  be  conneded  with  the  faufet  or  tube  which  is  at 
the  lower  part  of  the  tub.” — The  following  is  a de- 
feription  of  the  apparatus  : 

ABCD  is  a reverberatory  furnace,  having,  on  a line 
with  B,  many  fmall  openings  in  its  circumference,  to 
ferve  as  chimneys ; wdthin  which,  upon  a fand-bath  o, 
is  placed  a matrafs  h,  the  neck  of  which  Rands  out 
above  the  furnace,  running  through  the  opening  D, 
w'hich  is  to  be  clofed  with  clay.  The  mouth  F,  of  the 
neck  of  the  matrafs,  is  clofed  by  a cork  G,  through 
the  middle  of  which  paffes  a tube  H,  which  forms  a 
communication  between  the  infide  of  the  matrafs  b. 
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and  the  intermediate  veffel  K,  where  it  alfo  paffes  Bleaching; 
through  a cork  I,  which  clofes  one  of  the  three  open- 
ings  of  that  veffel.  The  corks  G and  I ought  to  be 
prepared  before-hand,  and  well  fitted  to  each  end  of 
the  tube  of  communication  H,  which  is  to  be  fo  dif- 
pofed  that  It  may  be  fitted  in  Immediately  after  the 
mixture  Is  made  in  the  matrafs. 

The  intermediate  veffel  K is  about  an  eighth  part  ' 

full  of  water ; into  It  Is  plunged  the  tube  of  fafety  L, 
to  prevent  danger  from  regurgitation.  This  tube  ought 
to  be  fo  high,  that  the  weight  of  the  water  which  en- 
ters into  it,  by  the  preffure  of  the  gas,  may  be  great 
enough  to  caufe  the  gas  to  pafs  into  the  pneumatic  tub 
iSlOP,  by  the  tube  of  communication  M,  which  is 
plunged  therein,  and  reaches  to  the  bottom,  where  it 
is  bent  horizontally,  fo  that  the  gas  may  be  emitted 
under  the  firft  of  the  three  wooden,  or  (if  they  can  be 
procured)  Rone-ware,  cavities,  or  receivers,  which  are 
placed  in  the  infide  of  the  tub,  one  above  the  other. 

O Is  a handle  which  ferves  to  turfl  the  agitator  E,  the 
movement  of  which  facilitates  the  combination  of  the 
gas  with  the  water.  P is  a fpigot  and  faufet  to  draw 
off  the  liquor. 

It  is  neceffary  to  prepare  the  cloth  by  leaving  it  to  Method  c 
foak  for  24  hours  in  water,  or,  which  is  better,  in  fome  bleaching, 
old  ley.  Afterwards  it  fliould  be  fubmitted  to  the  ac- 
tion of  one  or  two  good  leys  ; becaufe  all  the  colouring 
part  which  may  be  cxtradlcd  by  the  leys  would  elfe, 
without  any  advantage,  confume  a part  of  that  liquor 
which  it  is  important  to  be  as  fparing  of  as  polhble. 

After  this,  the  cloth  is  to  be  careMly  waftied ; then  it 
is  to  be  placed  in  the  troughs,  without  any  part  being 
preffed  or  confined,  in  fuch  a manner  that  it  may  be 
thoroughly  impregnated  with  the  liquor  which  is  to 
run  thereon.  The  troughs,  as  well  as  the  tub,  ought 
to  be  conRruffed  without  iron  ; for  that  metal,  being 
ruRed  by  the  oxygenated  muriatic  acid,  would  produce 
iron  moulds,  which  could  not  be  taken  out  but  by 
means  of  fait  of  forrel. 

The  firR  immerfion  ought  to  be  longer  than  the 
others;  it  may  be  continued  for  three  hours,  after  which 
the  doth  is  to  be  taken  out ; it  is  to  be  again  fub- 
mitted to  the  adlon  of  ley,  and  then  placed  in  a 
trough,  that  freRi  liquor  may  be  poured  thereon : It  is 
fufficient  that  this  immerfion,  and  the  following  ones, 
continue  half  an  hour.  When  the  cloth  is  taken  from 
the  trough,  the  liquor  is  to  be  wrung  out,  it  is  to  be 
again  fubmitted  to  the  ley,  and  afterwards  to  frefli  im- 
merfions.  The  fame  liquor  may  ferve  until  its  Rrength 
Is  exhauRed  : when  it  Is  much  weakened,  there  may  be 
fome  frefii  liquor  added  to  it.  When  the  cloth  ap- 
pears white,  except  fome  black  threads  ajjd  the  liRs,  it 
is  to  be  impregnated  with  black  foap,  and  then  Rrong- 
ly  rubbed  ; after  which  it  is  to  be  fubmitted  to  the  laR 
ley  and  the  laR  immerfion.  We  cannot  determine 
what  number  of  leys  and  immerfions  may  be  neceffary, 
becaufe  it  varies  according  to  the  nature  of  the  cloth  : 
neverthelefs,  the  limits  of  this  number  are  between 
four  and  eight  for  linen  or  hempen  cloths. 

The  manufadurers  at  Javelle,  to  whom  M.  Berthol- 
let  had  communicated  this  procefs,  foon  after  publiflied, 
in  different  journals,  that  they  had  difeovered  a parti- 
cular liquor  which  had  the  property  of  bleaching  cloth 
by  an  immerfion  of  fome  hours  only.  The  change  they 
had  made  in  the  procefs  performed  in  their  prefence, 
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Bleaciing.  coTififted  in  putting  fome  alkali  into  the  water  which 
;ceives  the  gas ; this  enables  the  liquor  to  become 
much  more  concentrated,  lb  that  it  may  be  diluted 
with  feveral  times  its  own  quantity  of  water  before  it 
is  ufed. 

“ Thefe  are  the  proportions  which  yielded  me  (fays 
Berthollet)  a liquor  fimilar  to  the  pretended  Javelle  ley ; 
two  ounces  and  a half  of  common  fait,  two  ounces  of 
fulphuric  acid,  fix  drachms  of  calx  of  manganefe,  and,  in 
the  veffel  where  the  gas  is  to  be  concentrated,  one 
pound  of  water,  and  five  ounces  of  potafh,  which  fhould 
be  diflblved  in  the  water.  The  Javelle  liquor  has  a 
fomewhat  reddifn  appearance,  occafioned  by  a fmall 
quantity  of  manganefe,  which  either  palles  in  the  diftil- 
lation,  becaufe  an  intermediate  velfel  is  not  ufed,  or  ex- 
ifts  in  the  potafs ; moft  kinds  of  which  contain  it,  as  I 
have  well  convinced  myfelf." 

“ This  liquor  may  be  diluted  with  from  ten  to  twelve 
parts  of  water  ; and,  after  this,  it  bleaches  more  fpeedi- 
ly  than  the  liquor  itfelf : but  without  fpeaking  of  the 
imperfedions  of  the  method  which  is  defcribed  in  the 
publications  from  Javelle,  and  which  can  only  fuffice 
for  cotton,  we  are  not  able  to  bleach  near  the  fame 
quantity  of  cloth  with  the  oxygenated  muriatic  acid 
combined  in  this  manner  with  an  alkali,  as  might  be 
bleached  with  the  fame  quantity  of  that  acid  mixed 
with  water  alone  ; becaufe  there  is  formed  a portion  of 
that  neutral  fait  which  is  known  at  prefent  by  the  name 
of  oxygenated  muriate  of  potafs,  and  in  w'hich  the 
oxygen  becomes  concentrated.  Now  all  the  oxygen 
which  enters  into  the  compofition  of  this  fait  is  render- 
ed ufelefs  for  bleaching;  becaufe  the  oxygenated  mu- 
riate of  potalh  does  not  deftroy  colours.” 

This  method  of  bleaching  was  very  foon  adopted  in 
Britain,  and  is  now  almoft  univerfal  among  bleachers. 
A great  many  changes  have  been  made  in  the  procefs  ; 
one  of  the  moft  important  of  which  is  fubftituting  lead 
veffels  for  wooden  ones,  which,  befides  w'eakening  its 
a<ftion  exceedingly,  were  very  foon  deftroyed  by  the 
acid.  We  believe,  too,  that  the  bleachers  very  gene- 
rally add  fome  alkali  to  the  acid,  notwithftanding  the 
ftrong  objeftions  which  Mr  Berthollet  has  made  to 
that  manner  of  bleaching. 

This  method  of  bleaching  has  been  found  to  anfwer 
remarkably  well ; the  only  objedlion  that  has  been  made 
to  it  is,  that  the  cloth  is  apt  to  be  weakened.  And 
this,  no  doubt,  muft  be  the  cafe,  if  care  be  not  taken 
to  prevent  the  acid  from  being  too  much  concentrated  ; 
but  we  have  little  doubt  that,  with  a fufficient  degree 
of  caution,  it  will  prove  as  fafe  as  any  other  whatever  ; 
and,  in  point  of  expedition,  there  cannot  furely  be 
any  comparifon  drawn  between  the  old  mode  of  bleach- 
ing and  the  new. 

It  remains  for  us  now  to  confider,  whether  the  new 
difcoveries  in  chemiftry  do  not  throw  fome  rays  of  light 
upon  the  theory  of  bleaching  ; for  it  is  only  by  per- 
fedHng  the  theory  that  we  can  advance  with  certainty 
in  our  pradtical  improvements. 

It  has  been  already  obferved,  in  the  article  Bleach- 
ing (Encycl ),  that  cloth,  after  being  bleached,  was  a 
good  deal  lighter  than  it  had  been  before  the  opera- 
tion: It  follows,  therefore,  that  it  muft  have  been  de- 
prived of  fomething  during  the  bleaching.  Cloth  bleach- 
ed by  means  of  the  oxy-muriatic  acid  likevvife  under- 
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goes  a lofs  of  weight;  fo  that,  in  all  probability,  botli  Bkachin-. 
modes  adt  m precifely  the  fame  manner. 

If  raw  linen  or  thread  be  boiled  in  a folution  of  cau- 
ftic  alkali,  properly  diluted,  it  gives  out  fomething  which 
tinges  the  ley  of  a deep  brown,  and  at  the  fame  time 
the  alkali  lofes  its  caufticity.  If  the  linen  be  boiled  in 
another  fimilar  folution,  it  communicates  the  fame  co- 
lour, and  even  a third  may  be  flightly  tinged  ; but  af- 
ter this,  alkalis,  unlefs  fo  much  concentrated  as  to  in- 
jure the  texture  of  the  cloth,  have  no  effedl  on  it 
whatever.  If  the  linen  be  now  plunged  into  oxy-mu- 
riatic acid,  properly  prepared,  and  allowed  to  remain 
till  it  begins  to  become  vdiite,  and  then  pluno-ed  into 
an  alkaline  ley,  the  alkali  lofes  its  caufticity,  and  af- 
fumes  the  fame  deep  colour  that  the  firft  ley  did.  Here, 
t.hen,  we  have  two  alkaline  foluiions  ; the  one  faturated 
\yith  colouring  matter  before  the  adtion  of  the  oxy-mu- 
riatic acid  on  the  linen,  the  other  after  it.  When  thefe 
folutions  are  faturated  with  an  acid,  a yellow  coloured 
precipitate  is  obtained,  which  when  dried  affumes  the 
appearance  of  a black  powder.  Precifely  the  famefub- 
ftance  is  obtained  from  both  folutions.  This  colouring- 
matter  is  almoft  infoluble  in  water.  Pure  or  cauftic 
potafs  diftblves  about  double  its  own  weight  of  it; 
carbonate  of  potafs  not  fo  much. 

Hence  we  fee  the  ufe  of  alkalis  in  bleaching.  The 
colouring  maUer  is  not  foluble  in  water,  but  part  of  it  is 
foluble  in  alkali.  However,  after  the  alkali  has  exhaufted 
all  its  power,  the  linen  is  nottvhite:  colouring  matter, 
therefoje,  exifts  in  ir,  which  alkalis  cannot  adt  upon. 

But  after  being  plunged  in  cxy-muriatic  acid,  it  alfo 
becomes  foluble  in  acids.  Here,  then,  is  the  ufe  of 
that  acid  in  bleaching — it  communicates  fomething  to 
the  colouring  matter  which  renders  it  foluble  in  alkali. 

This  fomething,  we  have  already  feen,  is  oxygen.  It 
follows,  therefore,  that  before  the  greater  part  of  the 
colouring  matter  of  linen  can  be  extradied  by  alkali.s, 
it  muft  be  combined  with  oxygen.  It  is  in  producing 
this  combination  that  the  ufe  of  the  expofure  to  the 
fun  and  air  confifts  ; and  it  is  becaufe  the  oxy-muriatic 
acid  produces  it  almoft  inftantaneoufiy,  that  the  new 
mode  of  bleaching  is  fo  much  more  expeditious  than 
the  old. 

If  into  the  alkaline  folution  of  the  colouring  mat- 
ter lime-water  be  poured,  there  takes  place  a copious 
precipitate,  which  confifts  of  the  lime  and  colouring 
matter  combined.  Lime,  therefore,  has  a ftronger  af- 
finity for  the  colouring  matter  than  alkali  has  ; and  as 
the  compound  of  lime  and  the  colouring  matter  Is  not 
very  foluble  In  water,  lime-water  might  be  ufed  to  de- 
prive the  alkaline  ley  of  the  colouring  matter  which  it 
has  imbibed  ; after  which  it  might  be  ufed  again.  Care, 
however,  muft  be  taken  that  no  lime-water  remains 
In  the  ley  ; otherwife  it  might  precipitate  and  fix  the 
colouring  matter  in  the  linen,  after  which  it  would  be 
very  difficult  to  remove  it. 

From  an  alkaline  ley,  faturated  with  the  colourine  xt  > 
matter  ol  linen  yarn,  Mr  IVirwan,  by  means  of  muriatic  the  colour- 
acid,  precipitated  the  colouring  matter.  He  found  it  to  ing  mattex 
poffefs  the  following  properties : When  fuifered  to  dry  linen, 
for  fome  time  on  a filter,  it  affumed  a dark  green  co- 


lour, and  felt  fomewhat  clam.my  like  m.oift  clay. 


took  (fays  he)  a fmall  portion  of  it,  and  added  it  to  Co  1789, 
times  its  weight  of  boiling  water,  but  uot  a particle  of 

it 
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Bleaching.  It  was  diflblved.  The  remainder  I dried  in  afand  heat : 
it  then  ail'umed  a fhining  black  colour,  became  more 
brittle  but  internally  remained  of  a greenifti  yellow, 
and  weighed  one  ounce  and  an  half. 

“ By  ti eating  eight  quarts  more  of  the  faturated  ley 
in  the  fame  manner,  I obtained  a further  quantity  of 
the  greenilh  depoht ; on  which  I made  the  following 
experiments : 

“ id,  Having  digefted  a portion  of  it  in  redlified 
fpirit  of  wine,  it  communicated  to  it  a reddilh  hue,  and 
was  in  a great  meafure  dilTolved  ; but  by  the  aSufion 
of  .diflilled  water  the  folution  became  milky,  and  a 
w’hite  depofit  was  gradually  formed  ; the  black  matter 
diffolved  in  the  fame  manner. 

“ 2dly,  Neither  the  green  nor  the  black  m.atter  was 
foluble  in  oil  of  turpentine  or  linfeed  oil  by  a long  con- 
tinued digeftion. 

“ 3dly,  The  black  matter  being  placed  on  a red-hot 
iron,  burned  with  a yellow  flame  and  a black  fmoke, 
leaving  a coaly  refiduum. 

“ qthly.  The  green  matter  being  put  into  the  vitri- 
olic, marine,  and  nitrous  acids,  communicated  a brown- 
ifli  tinge  to  the  two  former,  and  a greenifli  to  the  lat- 
ter, but  did  not  feem  in  the  lead  diminiflied. 

“ Hence  it  appears,  that  the  matter  extradled  by  al- 
kalis from  linen  yarn  is  a peculiar  fort  of  refin,  different 
from  pure  refins  only  by  its  infolubility  in  effential  oils, 
and  in  this  refpedf  refembling  lacs,  I now  proceed 
to  examine  the  power  of  the  diflterent  alkalis  on  this 
fubftance.  Eight  grains  of  it  being  digefted  in  a folu- 
tion of  cryftallized  mineral  alkali,  faturated  in  the  tem- 
perature of  6o°,  inftantly  com^municated  to  the  folution 
a dark  brown  colour  ; two  meafures  (each  of  which 
wmuld  contain  ii  pennyweights  of  water)  did  not  en- 
tirely diflblve  this  fubftance.  Two  meafures  of  the 
mild  vegetable  alkali  difiblved  the  whole. 

“ One  meafure  of  cauftic  mineral  alkali,  whofe  fpeci- 
fic  gravity  was  1,053,  difiblved  nearly  the  whole,  leav- 
ing only  a white  refiduum. 

“ One  meafure  of  cauftic  vegetable  alkali,  whofe 
fpecific  gravity  was  1,039,  difiblved  the  whole. 

“ One  meafure  of  liver  of  fulphur,  whofe  fpecific 
gravity  was  1,170,  difiblved  the  whole. 

“ One  meafure  of  cauftic  volatile  alkali  difiblved  alfo 
a portion  of  this  matter.” 

The  colouring  matter  of  cotton  is  much  more  foluble 
In  alkali  than  that  of  linen ; hence  the  greater  facility 
with  which  cotton  is  bleached. 

From  thefe  obfervations,  the  great  importance  of  al- 
kalis in  bleaching,  and  the  neceflity  of  regulating  the 
ftrength,  and  afeertaining  the  purity,  of  the  leys  made 
life  of,  muft  be  apparent.  Manufacturers,  therefore, 
lie  under  very  great  obligations  to  Mr  Kirwan,  who 
has  lately  examined  the  alkaline  matters  ufed  in  bleach- 
ing with  his  ufual  accuracy  and  abilities.  The  refult 
of  his  experiments  was  as  follows : 


Irijh  Tranf. 
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’Table  of  the  quantity  of  mere  alkali  in  lOO  Avoirdupois 
pounds  of  the  following  fubjlances. 

One  hundred  lbs.  Mineral  Alkali. 

Cryftallized  foda  - - - 20  lbs. 

Sweet  barilla  - - - 24 

Mealy’s  cunnamara  kelp  - - 3>437 

Ditto  defulphurated  by  fixed  air  - 4>457 

Strangford  kelp  . - - 1,25 


One  hundred  lbs. 

Dantzic  pearl  afli 
Clarke’s  refined  afh 
Cafnup 

Common  raw  Irifh  weed- 
Ditto  flightly  calcined 

When  linen  is  allowed  to  remain  for  fome  time  In 
oxy-muriatic  acid,  it  becomes  white.  It  is  evident,  then, 
that  when  the  colouring  matter  of  linen  is  faturated 
with  oxygen,  it  becomes  colourlefs : But  linen  bleach- 
ed in  this  manner  very  foon  becomes  yellow,  efpecially 
when  ex[  ofed  to  heat.  Berthollet,  to  whofe  ingenious 
experiments  and  obfervations  we  are  indebted  for  the 
greater  part  of  the  above  remarks,  has  given  the  fol- 
lowing explanation  of  the  caufe  of  this  change ; He 
diftllled  the  colouring  matter  of  linen,  and  obtained  a 
thick  oil,  a little  ammonia,  and  of  carbon  remain- 
ed behind.  The  oil  contained  carbon  ; and  he  fuppof- 
ed  that  carbonic  acid  gas,  and  carbonated  hydrogen 
gas,  were  difengaged.  He  concluded  in  confequence, 
that  one-third  of  this  colouring  matter  was  carbon. 

The  other  ingredient  in  the  oil  was  hydrogen  ; for  La- 
volfier  has  proved  that  oil  is  compofed  of  oxygen  and 
hydrogen.  The  colouring  matter  of  linen,  then,  is 
compofed  principally  of  carbon  and  hydrogen. 

Oxygen  combines  with  hydrogen  at  a lower  tempe- 
rature than  it  does  with  carbon  ; for  if  a confiderable 
quantity  of  oxy-muriatic  acid  be  mixed  with  a folution 
of  fugar  (a  fubftance  which  confifts  chiefly  of  carbon 
and  hydrogen),  and  the  liquor  be  evaporated,  there 
remains  behind  little  elfe  than  carbon,  the  hydrogen 
having  combined  with  oxygen  and  formed  water,  which 
had  palTed  off  in  the  form  of  vapour.  Now,  whenever 
a quantity  of  hydrogen  is  feparated  from  a body  prin- 
cipally compofed  of  hydrogen  and  carbon,  that  body 
afiumes  a brown  or  yellow  colour,  becaufe  the  carbon 
becomes  predominant ; and  this  colour  becomes  the 
deeper  the  greater  the  proportion  of  the  carbon  is,  com- 
pared to  that  of  the  hydrogen  ; and  at  laft,  when  no- 
thing but  carbon  remains,  it  becomes  quite  black. 

It  is  probable,  then,  that  when  the  oxy-muriatic  acid 
renders  linen  white,  a quantity  of  oxygen  has  com- 
bined with  the  colouring  particles,  but  that  this  oxy- 
gen gradually  enters  into  a combination  with  the  hy- 
drogen, and  forms  water  which  paffes  off ; that  then  the 
carbon  becomes  predominant,  and  the  linen  in  confe- 
quence affumes  a yellow  colour.*  * , 

The  fame  method  does  not  fucceed  in  bleaching  Chytn.  VI.' 
wool  and  filk  which  anfvvers  for  linen  and  cotton.  One  aio- 
would  be  difpofed  to  think  that  thefe  fubftances  are  ^ 
bleached  rather  by  lofing  oxygen  than  by  abforbing  it.  Bleaching 
Wool,  for  inftanee,  is  rendered  white  very  quickly  when  of  wool  an 
expofed  to  the  fumes  of  fulphurous  acid,  which  we 
know  has  a ftrong  affinity  for  oxygen,  and  foon  fatu-  f See  the 
rates  Itfelf  with  it.  But  what  paffes  during  the  white-  memoir  ir 
ning  of  animal  matters  has  never  yet  been  properly  <:ke  Am.  i 
enquired  into,  though  it  would  not  only  greatly  eluci- 
date  bleaching,  but  dying  likewife,  and  throw  much  bridged  ir 
light  upon  fome  of  the  o’ofcureft  parts  of  chemiftry.  Nicbolfons 
A great  Improvement,  however,  has  lately  been  made  Joumat,  I 
by  M.  Baume  In  the  manner  of  bleaching  filk.  Of  this  3^,  Jsom 
improvement  we  lhall  proceed  to  give  an  account.+  which  M 

Before  the  filk  is  wound  off  the  cocons  in  which  the  our  ac 
filk  worms  are  inclofed,  it  is  neceffary  to  kill  the  in- count  of  i 

feffs, 


Fegetable  Alkali. 
63,33  lbs. 
26,875 

- - I9»376 

afh  - - 1,666 

4,666 


i 

! 

i 


B L E C 1 1 

Bleaching,  fefls,  othcrwlfe  they  would  in  all  probability  eat  thro* 
it  and  deflroy  it.  This  is  commonly  done  by  expofing 
g the  cocons,  properly  wrapped  up,  for  two  hours  to  the 
Kew  mode  heat  of  about  158  degrees  of  Fahrenheit  in  an  oven  ; 
of  whiten-  after  which  they  are  kept  for  a certain  time  in  a mafs 
ing  lilk.  JO  preferve  their  heat,  and  eflFedually  deftroy  fuch  of 
the  infeds  as  might  have  efcaped  the  power  of  the 
oven.  The  effedl  of  this  procefs  is,  that  the  filk  is 
hardened,  and  is  more  difficult  to  wind  off  than  before. 
Hence  the  produd  of  filk  is  lefs  by  one-ninth  part  in 
quantity,  and  inferior  in  quality  to  what  might  have 
been  obtained  by  winding  off  without  this  previous  bak- 
ing. Mr  Baume,  not  only  from  thefe  views,  but  like- 
wife  becaufe  the  filk  which  has  not  been  baked  proves 
fufceptible  of  a greater  luftre,  was  induced  to  deflroy 
the  cryfalis  by  fpirit  of  wine.  For  this  purpofe  he 
difpofes  them  in  a wooden  box  in  a flratum  fix  inches 
deep ; upon  each  fquare  foot  half  a pint  of  fpirit  of 
wine  is  to  be  fprinkied  with  a fmall  watering  pot  made 
for  that  purpofe.  The  liquid  is  to  be  equally  diflribut- 
ed,  but  it  is  not  neceffary  that  all  the  cocons  fhould 
be  wetted.  They  are  then  to  be  mixed  by  hand.  In 
the  next  place  another  flratum  is  to  be  formed  over  the 
firfl,  nearly  of  the  fame  depth,  which  is  to  be  fprinkied 
and  treated  as  before.  By  this  method  of  proceeding, 
the  box  becomes  filled,  and  muQ;  then  be  covered,  and 
left  for  24  hours,  during  which  time  they  become  fpon- 
taneoufly  heated  to  about  too  degrees,  and  the  vapour 
of  the  fpirit  of  wine  exerts  itfelf  with  wonderful  adivh 
ty.  After  this  treatment  they  muff  be  fpread  out  to 
dry,  which  happens  in  a fhort  time,  and  is  abfolutely 
neceffary  previous  to  winding  off. 

The  fpirit  of  wine  to  be  ufed  in  this  operation  ought 
to  be  of  the  fpecific  gravity  .847,  at  the  temperature  of 
55  degrees.  It  is  of  the  greateft  importance  to  ufe  that 
fpirit  only  which  has  been  kept  in  veffels  of  glafs,  of 
tinned  copper,  or  of  pure  tin.  Leaden  veffels  are  abfo- 
lutely to  be  rejected;  wooden  veffels  tinge  the  fpirit, 
which  gives  the  filk  a degree  of  colour  of  confiderable 
permanency,  and  very  inimical  to  the  bleaching  procefs. 

The  filk  is  wound  off  upon  a reel,  while  the  cocons 
are  kept  immerfed  in  water  almoft  boiling.  Upon  this 
part  of  the  procefs  M.  Baume  remarks,  iff.  That  the 
dead  cocons  mud  be  feparated.  Thefe  are  known  by 
the  brown  or  black  fpots  on  their  furface.  2.  That 
well  water,  which  on  account  of  its  clearnefs  is  almoft 
univerfally  ufed  in  the  filk  manufadtories,  moftly  con- 
tains nitre,  and  is  extremely  prejudicial  to  the  bleaching 
procefs.  The  prefence  of  nitrous  acid  gives  a yellow 
colour,  which  refifts  bleaching  and  even  fcouring ; he 
therefore  recommends  river-water.  3.  In  fome  coun- 
tries a fmall  quantity  of  alum  is  ufed.  Neither  this  nor 
any  other  faline  fubftance  is  of  the  lead  advantage  to  the 
colour,  beauty,  or  quality  of  the  filk. 

At  the  four  places  of  contadl  of  the  filk  upon  the 
reel,  all  the  threads  dick  together.  It  is  abfolutely  ne- 
ceffary that  this  fhould  be  remedied.  The  method  con- 
fids  in  foaking  the  filk  in  a fnfficient  quantity  of  warm 
water,  at  about  90  degrees,  for  about  two  hours ; after 
which  the  threads  are  to  be  feparated  by  opening  the 
hanks  upon  a pin,  and  lightly  rubbing  the  parts  Vv'hich 
cohere.  When  the  filk  is  dry  it  is  to  be  loofely  folded 
in  its  original  form,  and  is  ready  for  bleaching. 

The  filk  while  wet  is  foft,  and  part  of  its  gummy 
matter  is  in  fuch  a date,  that  its  threads  would  readily 
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adhere,  if  wrung  while  warm  for  the  purpofe  of  clearing 
it  of  the  water.  After  fuch  improper  treatment  there 
would  be  no  other  remedy  than  to  foak  it  again  in 
warm  water. 

The  apparatus  for  bleaching  the  filk  confifts  of  a 
done-ware  veffel,  nearly  of  a conical  form,  capable  of 
holding  about  12  gallons,  having  a large  opening  at  the 
one  end,  and  a fiilaller  of  about  an  inch  diameter  at 
the  other  end.  Common  pottery  cannot  be  ufed  in 
this  operation,  becaufe  it  is  foon  rendered  unferviceable 
by  the  adtion  of  the  muriatic  acid,  and  the  done-ware 
itfelf  is  not  very  durable.  This  veffel  mud  be  carefully 
examined,  to  afeertain  that  it  does  not  leak  in  the  flighted 
degree ; after  which  the  infide  is  to  be  rubbed  with  a 
pumice-done,  to  clear  it  of  afperities  which  might  break 
the  threads.  A cover  of  the  fame  material  is  to  be  fit- 
ted on  by  grinding  ; and  the  fmaller  aperture,  which  in 
the  ufe  is  the  lowed,  is  to  be  clofed  with  a good  cork, 
in  the  middle  of  which  is  thrud  a fmall  glafs  tube  about 
a quarter  of  an  inch  in  diameter this  is  likewife  ftop- 
ped  with  a cork,  excepting  at  the  time  when  it  is  requir- 
ed to  draw  off  the  liquid  contents  of  the  jar.  A fmall 
perforated  falfe  bottom  is  placed  within  the  veffel,  to 
prevent  this  tube  from  being  obftrudted. 

Six  pounds  of  yellow  raw  filk  are  to  be  difpofed  in 
the  earthen  pot ; upon  this  is  to  be  poured  a mixture, 
previoufly  made,  of  48  pounds  of  fpirit  of  wine  of  the 
fpecific  gravity  .867,  with  12  ounces  of  very  pure  ma- 
rine acid,  abfolutely  exempt  from  all  prefence  of  nitrous 
acid,  and  of  the  fpecific  gravity  1.114.  The  pot  is 
then  to  be  covered,  and  the  whole  left  in  digeftion  till 
the  following  day,  or  until  the  liquor,  which  at  firft  af- 
fumes  a fine  green  colour,  diall  begin  to  affume  that  of 
a dulky  brown. 

The  acidulated  fpirit  is  then  to  be  drawm  off,  clean 
fpirit  of  wine  poured  upon  the  filk,  and  drawn  off  re- 
peatedly until  it  paffes  colourlefs.  The  filk  is  then  fuf- 
fered  to  drain  without  ftirring  it.  In  this  date  it  is 
ready  for  a fecond  infufion. 

Forty-eight  pounds  of  fpirit  of  wine,  acidulated  with 
12  ounces  of  marine  acid,  is  now  to  be  poured  on  the 
filk,  and  the  whole  fuffered  to  remain  for  24  hours  or 
longer,  until  the  filk  becomes  perfectly  white.  The 
time  required  for  this  fecond  infufion  is  commonly 
longer  than  for  the  firft  : it  fometimes  amounts  to  two, 
three,  or  even  fix  days,  according  to  circumftances,  par- 
ticularly the  temperature  and  the  nature  of  the  filk. 
Silk  which  has  been  in  the  oven  is  in  general  more  dif- 
ficult to  bleach. 

When  the  filk  has  thus  obtained  its  utmoft  degree  of 
whitenefs,  the  acidulated  fpirit  is  to  be  drawn  off  into  a 
feparate  veffel.  This  fluid  is  but  flightly  coloured,  and 
may  be  ufed  again  in  the  firft  infufion  of  other  yellow 
filk,  with  the  addition  of  fix  ounces  more  of  marine 
acid.  The  receiving  veffel  is  to  be  removed,  and  ano- 
ther clean  veffel  fubftituted  in  its  place.  The  filk  is 
then  fprinkied  with  clean  fpirit,  and  occafionally  preffed 
down  with  the  hand.  As  foon  as  the  I'p  rit  of  wine 
comes  off  ablolutely  colourlefs,  a third  infufion  is  to  be 
made  by  pouring  upon  the  filk  48  pounds  of  the  pure 
fpirit  without  acid,  which  is  to  remain  till  the  follow- 
ing day : it  is  then  to  be  drawn  off,  and  referved  for 
walking  other  filk  after  the  firft  infufion. 

After  the  filk  has  been  left  to  drain,  and  affords  no 
more  fpirit,  it  dill  retains  its  own  weight  of  that  fluid. 
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pleaching.  In  the  fecond  procefs  for  diftilling  without  alkali,  the 
acid  fpirit  is  didributed  into  a great  number  of  glafs  re- 
torts, placed  in  the  f.md-bath,  on  the  gallery  of  a fur- 
nace. The  firft  produdl  is  fcarcely  acid  ; but  what 
follows  Is  more  and  more  fo,  and  mull  be  kept  in  vef- 
fels  of  glafs  or  ftone-ware,  which  become  embarraffing 
on  account  of  their  number.  The  fluid  which  remains 
in  the  retorts  has  the  colour  of  beer  flightly  turbid,  and 
contains  the  greatefl:  part  of  the  marine  acid.  It  muft 
be  poured  into  one  or  more  retorts,  and  concentrated  by 
heat  gradually  applied.  The  nrft  liquor  which  comes 
over  is  flightly  red,  turbid,  and  fcarcely  acid.  This  is 
to  be  thrown  away,  and  the  receivers  changed.  The 
fucceeding  produift  is  the  colourlefs  marine  acid,  of  an 
aromatic  fmell  refembling  the  buds  of  poplar.  The  re- 
fln  of  the  filk  remains  in  the  retort  decompofed  by  the 
acid.  The  marine  acid  thus  obtained  is  weaker  than  it 
originally  was ; which  is  in  faa  of  little  confequence, 
as  it  is  pure,  and  may  be  fafeiy  ufed,  either  by  increa- 
fing  the  dofe  proportional  to  its  diminifhed  ftrength,  or 
by  concentrating  it  if  required  in  the  ufual  way.  If 
this  diftiilation  be  made  in  a filver  alembic,  inftead  of 
retorts  of  glafs,  and  a capital  and  worm  of  pure  tin  be 
annexed,  the  alcohol  svill  be  obtained  fo  flightly  acid  as 
fcarcely  to  redden  the  tindiure  of  turnfol;  but  it  is 
fufiiciently  acid  to  receive  injury  if  preferved  in  a cop- 
jQ  per  vefiel. 

Andofpre-  As  to  the  acid,  Mr  Baume  obferves,  that  the  muria- 

pariiig  a tic  acid  of  commerce  is  unfit  for  the  purpofe.  It  was 

pure  mu-  formerly  prepared  with  the  marine  fait  of  the  faltpetre 

Tidtic  acid,  njanufadturers  ; and  even  when  it  is  made  with  good 
fait,  the  decompofition  is  elFefled  with  common  vitrio- 
lic acid  which  contains  nitrous  acid.  Marine  acid 
mixed  with  a fmall  quantity  of  nitrous  acid  does  not 
prevent  the  filk  from  being  beautifully  whitened : it 
even  accelerates  the  procefs  confiderably,  and  in  the 
moft  fatisfaclory  manner.  But  the  alcohol,  every  time 
it  is  ufed  and  redified,  becomes  charged  with  the  acid 
and  gas  of  nitre,  which  aflume  the  characters  of  the  ni- 
trous anodyne  liquor.  In  this  ftate  neither  diftillations 
nor  repeated  redlifications  from  alkali  are  fuflicient  to 
feparate  the  nitrous  matter  from  the  alcohol.  Then  it 
is  that  the  fuccefs  of  the  operator  vaniflies,  with  a de- 
gree of  rapidity  equal  to  the  advances  which  encou- 
raged his  hopes  at  the  commencement. 

To  purify  common  fulphuric  acid,  lOO  pounds  of  it 
are  to  be  mixed  in  a large  bafon  of  copper  with  the  fame 
quantity  of  river-water,  and  ftirred  with  a wooden  fpa- 
tula.  The  mixture  inftantly  becomes  heated  to  the 
boiling  water  point,  and  a great  quantity  of  red  vapour 
is  difengaged,  which  has  the  fmell  of  aqua-regia,  and 
arifes  from  the  nitric  and  muriatic  acids.  When  this 
mixture  is  made,  it  is  proper  to  immerfe  the  bafon  to  a 
faitable  depth  in  a large  vdfel  of  water,  to  haften  the 
cooling.  As  foon  as  it  is  fufiiciently  cooled,  it  is  to  be 
drawn  off  into  bottles,  and  left  to  become  clear  daring 
feveral  days.  It  is  in  the  next  place  to  be  decanted, 
and  conveyed  into  retorts  by  a fyphon  funnel,  and  the 
redlificatlon  proceeded  upon  until  it  becomes  perfedly 
white.  Towards  the  end  of  the  operation  a fmall  quan- 
tity of  fulphur  fublimes  in  the  neck  of  the  retort.  In- 
flcad  of  receivers,  a fmall  glafs  cup  is  placed  beneath 
the  aperture  of  each  retort,  in  order  to  facilitate  the  dif- 
fipation  of  the  nitric  and  muriatic  acids.  When  the 
acid  in  the  retorts  is  fufiiciently  cooled,  it  is  poured  a 
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fecond  time  into  the  copper  bafon,  and  mixed  with  loo  Bleaching, 
pounds  of  river-water,  as  at  firft,  and  again  concentra- 
ted  in  the  retorts  till  it  becomes  perfectly  clear.  The 
muriatic  acid  is  to  be  difengaged  from  common  fait 
by  the  application  of  this  acid  in  the  ufual  manner.  j j 

The  oxy-muriatic  acid  is  alfo  ufed  very  generally  for  Bleaching 
bleaching  paper,  or  rather  the  ftufi"  out  of  which  paper  paper, 
is  made.  It  has  been  alleged  and  we  believe  with  fome 
truth,  that  fince  this  mode  cf  whitening  paper  was  in- 
troduced into  this  country,  the  ftrength  of  paper  is 
much  inferior  to  what  it  was  formerly.  If  this  be  real- 
ly the  cafe,  perhaps  it  is  owing  to  the  ufe  of  too  con- 
centrated an  acid. 

We  fluall  finifh  this  article  with  Mr  ChaptaPs  ac- 
count of  this  procefs,  who  was  the  firft  perfon  that  in- 
troduced it.  “ Blotting  paper  (fays  he),  by  being  pat 
into  oxygenated  mui  iatic  acid,  is  bleached  without  fuf- 
fering  any  injury  ; and  rags  of  coarfe  bad  cloth,  fuch 
as  are  ufed  in  the  paper  manufactories  to  make  this 
kind  of  paper,  may  be  bleached  by  this  acid,  and  will 
then  furnifli  paper  of  a very  fuperior  quality.  I bleach- 
ed by  it  an  hundred  weight  of  pafte,  intended  to  be 
made  into  blotting  paper,  and  the  increafe  of  value  in 
the  product  was  computed  at  25  per  cent,  whereas  the  ex- 
pence of  the  operation,  when  calculated  in  the  ftrictelt 
amounted  only  to  7 per  cent. 

The  property  polfclfed  by  this  acid,  of  bleaching  Mode  of 
paper  witliout  injuring  its  texture,  renders  it  very  va-  whitening 
luable  for  reftoring  old  books  and  fmoked  prints.  The  old  books, 
latter,  when  difcoloured  to  fuch  a degree  that  the  fub- 
ject  of  them  could  hardly  be  dirtinguilhed,  were  re-efta- 
bliflied  and  revived,  in  fo  aftonifliing  a manner  that 
they  appeared  to  be  new  ; and  old  books,  foiled  by  that 
yellow  tinge  which  time  always  produces,  may  be  fo 
completely  renewed,  that  one  might  fuppofe  them  to  be 
juft  come  out  of  the  prefs.  The  fimple  immerfion  of  a 
print  in  oxgenated  muriatic  acid  (leaving  it  therein  a 
longer  or  a fhorter  time,  according  to  the  ftrength  of 
the  liquor  (is  all  that  is  required  for  bleaching  it ; but 
when  a book  is  to  be  bleached,  fome  farther  precau- 
tions are  to  be  ufed.  As  it  is  neceffary  that  the  acid 
fliould  wet  every  one  of  the  leaves,  the  book  muft  be 
completely  fpread  open,  and  then,  by  letting  the  boards 
of  the  binding  reft  upon  the  fides  of  the  velfel,  the  pa- 
per only  will  be  immerfed  in  the  liquor.  If  any  of  the 
leaves  ftick  together,  they  muft  be  carefully  feparated, 
that  all  of  them  may  be  equally  Impregnated.  The  li- 
quor takes  a yellow  tinge,  the  paper  grows  white  ; and 
after  two  or  three  hours  the  book  may  be  taken  out  of 
the  liquor,  and  foaked  in  clean  water,  which  fhould 
be  changed  from  time  to  time,  in  order  to  wafti  out  the 
acid  with  which  the  book  is  impregnated,  and  alfo  to 
deprive  it  of  the  difagreeable  fmell  it  has  contradled. 

“ The  above  method,  which  is  the  firft  I made  ufe  of, 
has  generally  fucceeded  pretty  well ; too  often,  how- 
ever, the  leaves  of  my  books  have  had  a motely  appear- 
ance, and  fometimes  feveral  pages  were  not  at  all 
bleached  ; I was  therefore  obliged  to  have  recourfe  to 
the  following  more  certain  procefs.  I began  by  unfew- 
ing  the  books,  and  reducing  them  into  Iheets ; thefe 
fheets  I placed  In  divifions  made  in  a leaden  vefiel ; by 
means  of  thin  flips  of  wood,  fo  that  the  leaves  when 
laid  flat  were  feparated  from  each  other  by  very  fmall 
intervals.  I then  put  the  acid  into  the  vefiel,  pouring 
it  againftthe  fide,  that  the  leaves  might  not  be  difturb- 
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Bleaching  ed ; and  when  the  operation  was  finiPned,  I drew  off  the  end 
the  acid,  by  means  of  a cock  fixed  in  the  bottom  of  the 
veiTel.  I then  filled  the  veflel  with  clean  water,  which 
walked  the  leaves,  and  took  off  the  fmell  of  the  oxyge- 
I’hey  may  then  be  dried,  fmoothed,  and 
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And  prints. 


nated  acid. 

new  bound.  In  this  manner  I have  rellored  many  va- 
luable books,  which  had  become  w^orthlcfs  from  the  bad 
ftate  they  were  in. 

“ When  I had  to  bleach  prints  fo  torn  to  pieces  that 
they  confifled  only  of  fragments  fitted  together,  and 
palled  upon  paper,  I was  afraid  I might  lofe  fome  of 
thefe  fragments  in  the  liquor,  becaufe  they  feparate 
from  the  paper  by  the  foftening  of  the  pafte ; in  that 
cafe  therefore  1 took  the  precaution  of  enclofing  the 
print  in  a large  cylindrical  bottle  which  I turned  upfide- 
down,  fixing  its  mouth  to  that  of  a velTel  in  which  I 
had  put  a mixture  proper  for  difengaging  oxygenated 
muriatic  gas.  This  gas  fills  the  infide  of  the  bottle, 
and,  acting  upon  the  print  takes  off  the  Rains,  Ink-fpots, 
&c.  wdiile  the  fragments  remain  paRed  to  the  paper, 
and  confequently  keep  their  refpeflive  places.” 

BLOCK  JJlandy  called  by  the  Indians  Manilfes,  lies 
about  21  miles  S.  S.  W.  of  Newport,  and  is  in  New- 
port CO.  Rate  of  Rhode-Ifland.  It  was  ereffed  into  a 
townfiiip,  named  in  1672.  This  ifland 

is  46  miles  in  length,  and  its  extreme  breadth  is  38 
miles.  It  has  682  inhabitants,  including  47  Raves. 
It  is  famous  for  cattle  and  Iheep,  butter  and  cheefe  : 
round  the  ledges  of  the  ifland  conliderable  quantities  of 
cod  filii  are  caught.  The  fouthern  part  of  it  is  in  N. 
lat.  41.  8. — Morse. 

BLOCKLEY,  a townfliip  in  Philadelphia  co.  Penn- 
fylvania. — th. 

BLOCKS  {Encycl.  Plate  XCV.  fig.  5)  a,  Repre- 
fents  a Angle  block,  and  b,  c,  two  double  ones  of  diffe- 
rent kinds,  w'ithout  flrops ; e,  f,  two  double  tackle 
blocks,  iron  bound,  the  lower  one,  f,  being  fitted  with 
a fwnvel ; g,  a double  iron  block  with  a large  hook  ; h, 
a fraall  block ; a top  block:  h,  a voyal  block ; /,  a 
clew  garnet  block;  m,  the  cat  block,  employed  to 
draw  the  anchor  up  to  the  cat-head.  See  CAT-Head, 
Encycl. 

BLUE  HILL,  a townfiiip  in  Hancock  co.  DiRriff 
of  Maine,  on  the  W.  fide  of  Union  River,  344  miles  N. 
E.  of  BoRon,  and  13  E.  of  Penobfcot ; 
inhabitants.- — Morse. 

Blue  Hill  Bay,  is  formed  .by  Naflceag  Point  on 
the  W.  and  Mount  Defart  Ifland  on  the  E.  It  extends 
northerly  up  to  a mountain  on  the  E.  of  Penobfcot  Ri- 
ver, vvhich,  from  its  appearance  at  fea,  is  called  Blue 
Hdl.  Union  River  empties  into  this  bay. — ih. 

Cape  or  Large  Snouted  BOAR,  a fpecies  of  the 
genus  Sus,  which,  according  to  M.  Vaillant,  differs 
Irom  every  known  fpecies,  and  has  not  been  accurately 
defcribed  by  any  writer  of  natural  hiRory.  Buffon,  in- 
deed, in  the  Supplement  to  his  HiRory  of  Quadrupeds, 
has  given  a figure  of  it ; but  nothing  like  the  head  of 
the  animal  is  difcoverable,  fays  our  author,  in  that  fi- 
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It  has  fmall  eyes,  at  a very  little  diRance 
from  each  other,  level  with  the  furface,  and  near  the 
top  of  the  forehead.  On  each  cheek  a very  thick  carti- 
laginous fkin  projedts  horizontally,  being  about  three 
inches  long  and  as  many  broad.  At  firR  fight  you 
would  be  tempted  to  take  thefe  excrefcences  for  the 
ears  ; particularly  as  the  real  ears  of  the  animal,  flicking 
as  it  w'ere  to  the  neck,  which  is  very  ftiort,  are  partly 
concealed  by  an  enormous  mane,  the  briRles  of  which, 
in  colour  red,  brown,  and  greyifh,  are  16  inches  in 
length  on  the  fhoulders.  Diredtly  below  thefe  falfe 
ears  is  a bony  protuberance  on  each  fide,  projedting 
more  than  an  inch,  ferving  the  animal  to  Rrike  with  to 
the  right  and  left.  The  boar  has,  befides,  four  tuflcs, 
of  the  nature  of  ivory,  two  in  each  jaw ; the  upper  ones 
are  feven  or  eight  Inches  long ; very  thick  at  the  bafe, 
and  terminating  in  an  obtufe  point,  grooved,  and  rifing 
perpendicularly  as  they  iffue  from  the  lips : the  lower 
ones  are  much  fmaller,  and  fo  clofe  to  the  upper  ones 
when  the  mouth  is  fhut,  that  they  appear  as  one.  The 
head  is  a truly  hideous  objedf.  It  is  fcarcely  lefs  fo  than 
that  of  the  hippopotamus,  to  which  at  firR  view  it  ap- 
pears to  have  a flriking  refemblance.  SyRematiRs,  ac- 
cuRomed  to  view  nature  only  according  to  rules  eRab- 
liflied  by  themfelves,  will  be  far  from  acknowledging 
this  animal  to  be  a boar;  for,  not  to  mention  its  large 
fnout,  it  wants  Inclfive  teeth  in  both  jaws.  Notwith- 
flanding  its  wide  muzzle.  It  ploughs  up  the  earth  to 
feek  for  roots,  on  which  it  feeds.  It  is  very  adtive, 
though  large  and  bulky ; running  with  fuch  fpeed,  that 
the  Hottentots  give  it  the  name  of  the  runner. 

BOEUF,  LE,  a place  in  the  N.  weRern  corner  of 
Pennfylvania,  at  the  head  of  the  N.  branch  of  French 
Creek,  and  50  miles  from  Fort  Franklin,  where  this 
Creek  joins  the  Alleghany;  meafuring  the  diRance  by 
water.  The  French  fort  of  Le  Boeuf,  from  which 
the  place  has  its  name,  lay  about  2 miles  E.  from 
Small  Lake,  which  is  on  the  N.  branch  of  French 
Creek  ; and  from  Le  Boeuf,  there  is  a portage  of  14 
miles  northerly,  to  Prefque  Ifle,  in  Lake  Erie  ; where 
the  French  had  another  fort. 

From  Le  Boeuf,  to  Prefque  Ifle,  Is  a continued 
chefnut-bottom  fwamp  (except  for  about  one  mile 
from  the  former,  and  two  from  the  latter)  and  the 
road  between  thefe  two  places,  for  9 miles,  15  years 
ago,  was  made  with  logs,  laid  upon  the  fwamp.  N. 
lat.  42.  I.  W.  long.  79.  53.  20. — ih. 

BOLTON,  a townlhip  in  Chittenden  co.  Vermont,, 
on  Onion  River,  about  104  miles  N.  N.  E.  from  Ben- 
nington, having  88  inhabitants. — ih. 

Bolton,  a townfliip  in  Tolland  co.  Connedlicut, 
incorporated  in  1720  ; and  was  fettled  from  Weathers- 
field,  Hartford,  and  Windfor,  14  miles  E.  from  Hart- 
ford.— ih. 

Bolton,  a townfliip  in  WorceRer  co.  Maffachufetts  ; 
18  miles  N.  E.  from  WorceRer,  and  34  Vv.  from  Bol- 
ton. It  contains  861  inhabitants. — There  is  a fine  bed 
of  limeRone  in  this  town,  from  which  ccnfiderable 


gure,  all  its  charadieriRIcs  having  been  omitted  by  the  quantities  of  good  lime  are  made  yearly.-— i^. 


draughtfman.  M.  Vaillant,  during  his  laR  travels  in 
Plate  VII.  Africa,  fhot  a monRrous  boar  of  this  fpecies  on  the 
banks  of  Fifii-rlver,  and  in  the  country  of  the  Greater 
Himiqvas.  He  defcribes  it  in  the  following  terms : 
Its  fnout,  inRead  of  being  taper  and  in  the  form  of  a 
probofeis,  is,  on  the  contrary,  very  broad  and  fquare  at 
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BOMBAY  Hook,  an  ifland  at  the  mouth  of  Dela- 
ware River  about  8 miles  long  and  2 broad,  formed 
by  the  Delaware  on  the  eaRern  fide,  and  Duck  Creek 
and  Little  Duck  Creek  on  the  Maryland  fide  ; thefe 
are  united  together  by  a natural  canal.  It  is  propof- 
ed  to  connedl  Delaware  River  with  Chefapeak  Bay, 

by 


BON  [ I 

Bonet  by  a canal  from  Duck  Creek  to  that  bay,  through 

II  Chefter  River.  The  N.  W.  end  of  Bombay  Hook  is 

about  47  miles  from  Capes  Henlopen  and  May,  from 
the  Hook  to  Reedy  Ifland  is  9 miles. 

BONET  (Theophilus),  was  born  at  Geneva  in  the 
year  1620.  His  parents  were  able  to  give  him  the  moft 
liberal  education,  and  his  genius  direfted  him  to  the 
‘ ftudy  of  phyfic  ; and  that  he  might  have  every  advan- 

itagc,  he  attended  on  the  ledtures  of  the  moft  eminent 
profeftbrs  in  many  of  the  celebrated  univerfities  in  Eu- 
rope. In  1643  he  was  admitted  to  the  degree  of  M.  D. 
^ and  was  for  fome  time  phyfician  to  the  Duke  of  Lon- 

1 gueville.  His  fuperior  fkill  in  his  profeffion  foon 

I brought  him  into  confiderable  repute  ; but  being  feized 

V with  an  exceffive  deafnefs,  he  was  obliged  to  retire 

I from  bufmefs  when  about  60  years  of  age. 

During  this  retirement  he  employed  himfelf  in  col- 
ledting  all  the  obfervations  which  he  had  made  in  a 
pradlice  of  forty  years  duration,  and  in  arranging  them 
under  proper  heads.  His  fii  ft  publication,  which  was 
: i|,  intitled  Pharos  Medkorunit  &c.  confifts  of  pradtical  cau- 

tions,  extradted  moftly  from  the  works  of  Bellonius; 
if  and  in  it  he  points  out  many  errors  which  then  prevail- 
ed in  the  general  pradlice  of  phyfic.  Of  this  work  he 
gave  to  the  world  a fecond  edition,  confiderably  im- 
proved  and  greatly  enlarged  ; and  in  1687  it  was  a 
third  time  printed  at  Geneva,  under  the  title  of  Laby- 
■ rinthi  medici  extricati,  &c. 

In  1675  he  publifhed  Prodromus  anatomiie  pra8tca, 
Jive  de  ahditis  7norboriini  caujis,  occ.  This  was  intended 
merely  as  an  introdudlion  to  a work  that  foon  followed, 

} under  the  title  of  Sepidchretum,  five  anatdmia  praBica  ex 
cadaver'tbus  morlo  denatis.  In  thefe  two  publications  he 
has  colledled  a great  number  of  curious  obfervations 
upon  the  difeafes  of  the  head,  breaft,  belly,  and  other 
parts  of  the  body. 

In  1682  appeared  at  Geneva  Mercurlus  CompltaUus, 
five  index  medico-praSicus  per  dec'fQnes,  cautiones,  &c.  in 
folio  ; and  in  1684  and  1686  two  volumes  in  folio  like- 
wife,  intitled  Medicini  Septentrional] s collatitia.  This  laft 
work  is  a colledtion  of  the  beft  and  moft  remarkable  ob- 
fervations in  phyfic  which  had  been  then  made  in  Eng- 
land, Germany,  and  Denmark,  which  Dr  Bonet  ar- 
ranged under  proper  heads,  according  to  the  feveral 
parts  of  the  human  body.  At  Geneva,  in  1692,  was 
publifhed,  in  three  volumes  folio,  Polyalthes,  fve  Phe- 
faurus  niedita  prablicus  ex  quibufibet  rei  medica  fcriptori- 
bus  congefus,  &c.  and  fome  years  before,  he  gave  to  the 
world  corredl  editions  of  Pheodori  Purqueti  de  Maerne 
tradlatus  de  arthritidc,  una  cum  ejufdam  aliquot  confiliis  ; 
and  of  facobi  Rohaulti  traBatus  phyficus  e GalHco  in  La- 
tinum  verfus.  This  laborious  and  ufeful  author  died  of 
a dropfy  on  the  29th  of  March  1698. 

BONNET  (Charles),  was  defcended  from  a French 
family,  who  being  compelled,  on  account  of  their  reli- 
gious principles,  to  emigrate  from  their  native  country, 
eftablifhcd  themfelves  at  Geneva  in  the  year  1572.  His 
grandfather  was  advanced  to  the  magiftracy  in  that  ci- 
ty, and  adorned  by  his  integrity  an  eminent  ftation. 
Elis  father,  who  preferred  the  ftation  of  a private  citi- 
zen, paid  unremitted  attention  to  the  education  of  his 
Ion,  who  v/as  born  on  the  13th  of  March  1720;  and 
Charles,  at  a very  early  period,  recompenfed  his  father’s 
affiduity,  by  the  amiablenefs  of  his  difpofition,  and  the 
rapid  progrefs  he  made  in  general  literature.  When  he 
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was  about  16  years  of  age,  he  applied  himfelf,  with  Bonnet, 
great  eagernefs,  to  the  perufal  of  Le  SpcBacle  de  la  Na- 
ture  ; and  this  work  made  fuch  a deep  impreffion  on  his 
mind,  that  it  may  be  firid  to  have  direifted  the  tafte  and 
tne  ftudies  of  his  future  life.  What  that  publication 
had  commenced,  was  confirmed  by  the  work  of  Pa 
Phche ; but  having  accidentally  feen  the  treatife  of 
Reaumur  upon  infedls,  he  was  in  a tranfport  of  joy. 

He  was  very  impatient  to  procure  the  book  ; but  as  the 
only  copy  in  Geneva  belonged  to  a public  library,  and 
as  the  librarian  was  reludant  to  entruft  it  in  the  hands 
of  a youth,  it  was  with  the  utmoft  difficulty  that  he 
could  obtain  his  end. 

By  the  poffeffion  of  this  treafure,  our  affiduous  youth 
was  enabled  to  make  feveral  new  and  curious  experi- 
ments, which  he  communicated  to  Reaumur  himfelf; 
and  the  high  applaufe  he  gained  from  fo  great  a natu- 
ralift  added  frefti  vigour  to  his  affiduity. 

In  compliance  w'ith  his  father’s  defires,  he  applied 
himfelf,  though  with  much  relu<5tance,  to  the  ftudy  of 
the  law.  The  works  of  Burlamaqui  pleafed  him  the 
moft,  on  account  of  the  perfpicuous  and  philofophic 
manner  in  which  the  fubjed  was  treated:  the  inftitutes 
of  Heineccius  gave  him  fome  courage  alfo,  as  he  per- 
ceived order  and  connedion  ; but  the  Roman  law  terri- 
fied him  as  the  hydra  of  Lerna,  Notwithftanding  his 
application  to  thefe  authors,  he  ftill  continued  attached 
to  natural  hiftory,  and  was  very  adive  in  making  expe- 
riments. The  experiments  which  demonftrate  that  tree- 
lice  propagate  without  copulation,  was  communicated 
by  Reaumur  to  the  Academy  of  Sciences  ; and  this  cir- 
cumftance  occafioned  an  epiftolary  correfpondence  be- 
tween M.  Bonnet  and  that  great  naturalift.  This  was 
doubtlefs  very  flattering  to  a youth  of  tw'enty  years. 

The  letter  of  Reaumur  was  accompanied  with  a pre- 
fent  of  that  very  book  which  he  had  borrowed  with  fo 
much  difficulty  two  years  before. 

Animated  by  fuch  diftinguifhed  marks  of  approba- 
tion, he  diligently  employed  every  moment  he  could 
fteal  from  the  ftudy  of  jurifprudence  to  the  completion 
of  his  natural  hiftory  of  the  tree  loufe  ; to  experiments 
on  the  refpiration  of  catterpillars  and  butterflies,  which 
he  difeovered  to  be  effeded  by  ftigmata,  or  lateral  pores ; 
to  an  examination  of  the  conftrudion  of  the  tsenia  or 
tap-worm  ; in  frequent  correfpondence  with  Reaumur  ; 
and  in  affifting  Trembley  in  his  difeoveries  and  publica- 
tion concerning  millepedes,  &c.  Having  in  the  year 
1743  obtained  the  degree  of  dodor  of  laws,  he  relin- 
quilhed  a purfuit  which  he  had  commenced  ^ith  fo 
much  reludance.  In  the  fame  year  he  was  admitted  a 
fellow  of  the  Royal  Society,  to  w'hich  he  had  com- 
municated a treatife  on  infeds. 

Bonnet  being  now  liberated  from  his  other  purfuits, 
applied  himfelf,  without  intermiffion,  to  coileding  toge- 
ther his  experiments  and  obfervations  concerning  the 
tree-loufe  and  the  w’orm,  W’hich  he  publilhed  in  1744 
under  the  title  of  Infeciology.  This  work  acquired  de- 
ferved'approbation  from  the  public,  and  w'as  honoured 
by  the  commendation  of  the  celebrated  B.  de  Juflieu. 

He  was  reproached,  however,  in  a periodical  publica- 
tion, with  having  paid  too  little  attention  to  tlie  deli- 
cacy of  his  reader;  though  his  patience  and  accuracy 
were  acknowledged  to  be  deferving  of  praife.  Such 
unremitted  application  and  labour  could  not  fail  of  be- 
coming injurious  to  his  health.  Inflam.mations,  nervows 
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fever,  fore  eyes,  See.  compelled  him  to  relinquilh  the 
ufe  of  the  microfeope  and  the  ftudy  of  infeds.  This 
prevention  was  fo  extremely  mortifying  to  a man  of  his 
tafte  and  activity  of  mind,  that  he  was  thrown  into  a 
deep  melancholy,  which  could  only  be  fubdued  by  the 
refolution  inipired  by  philofophy,  and  the  confolations 
of  religion  : ihefe  gradually  ronfed  him  from  a dejeifted 
ftate  of  mind.  About  the  end  of  the  year  1746  our 
philofopher  was  chofen  meaiber  of  the  Literary  In- 
Ititution  at  Bologna,  which  introduced  him  to  a corre- 
fpondence  with  the  famed Zanotti,  who  may  be  deemed 
the  Fontenelle  of  Italy. 

In  the  year  1747  he  undertook  a very  difficult  work 
on  the  leaves  of  plants  ; which,  of  all  his  publications 
in  natural  hiftory,  bore  the  ftrongeft  marks  of  origina- 
lity, both  with  refpedt  to  the  manner  in  which  his  ex- 
periments were  made,  and  the  difeoveries  refulting  from 
them.  His  extreme  attachment  to  natural  hiftory  gra- 
dually led  him  to  a ftudy  of  a very  different  nature; 
fpeculative  philofophy  now  engaged  his  whole  atten- 
tion. The  firft  fruits  of  his  meditations  in  this  depart- 
ment w'as  his  £Jaj  on  Pfychology . In  this  work  the 
principal  facts  oblervable  in  human  nature,  and  the  con- 
fequences  refulting  from  them,  are  ftated  in  a concife 
and  confpicuous  manner.  He  contemplated  man  from 
the  firft  moment  of  his  exiftence,  and  purfued  the  de- 
velopement  of  his  fenfes  and  faculties  from  fimple 
growth  up  to  intelligence.  The  work,  which  was 
publiffied  without  his  name,  met  with  great  oppofition, 
and  was  ciiticifed  with  feverity  ; but  the  cenfuies  were 
diredted  more  againft  his  expreffions  than  his  princi- 
ples ; nor  w'ere  they  of  fufficient  importance  to  impede 
the  general  acceptance  of  the  publication. 

His  analyfis  of  the  mental  faculties  was  fimply  a de- 
velopement  of  the  ideas  contained  in  the  preceding 
work.  It  engaged  his  inceffant  attention  for  the  fpace 
of  five  years  ; nor  was  it  completed  before  1759.  It  is 
fomevvhat  fingular  that  both  he  and  the  Abbe  de  Con- 
dillac fhould  have  illuftrated  their  principles  by  the  fup- 
pofition  of  a ftatue,  organized  like  the  human  body, 
which  they  conceived  to  be  gradually  infpired  with  a 
foul,  and  the  progreffive  developement  of  whofe  powers 
they  carefully  traced.  In  the  year  1760  this  work  was 
publifned  at  Copenhagen,  by  order  and  at  the  expence 
of  Frederick  V.  and  it  was  follow’ed  in  1762  by  con- 
templations on  organized  bodies.  In  this  the  author 
had  three  principal  objedts  before  him  ; the  firft  was  to 
give  a concife  view  of  every  thing  which  appears  inte- 
refting  in  natural  hiftory,  refpedling  the  origin,  deve- 
lopement, and  reproduction  of  organized  bodies  ; the 
fecond  was  to  confute  the  tv7o  different  fyftems  founded 
upon  the  Epigenefis ; and  the  third  was  to  explain  the 
fyftera  of  Germs,  indicate  the  ground  upon  which  it 
was  founded,  its  correfpondence  with  fadts,  and  the 
confequences  refulting  from  it.  This  work  was  receiv- 
ed with  much  fatisfadtion  by  natural  philofophers. 
The  Academy  of  Berlin,  which  had  propofed  the  fame 
fubjedl  as  a prize  queftion  for  1761,  declared  that  they 
confidered  the  treatife  as  the  offspring  of  clofe  obferva- 
tion  and  profound  reafoning;  and  that  the  author  would 
have  had  an  indubitable  right  to  the  prize,  if  he  had 
confined  his  labours  to  the  precife  ftatement  of  the 
queftion.  It  muft  alfo  be  recorded,  to  the  honour  of 
the  great  Makjherbes,  that  he  reverfed  the  interdidl 
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which  the  public  cenfor  had  laid  upon  this  book,  un-  Bonnet, 
der  the  pretext  that  it  contained  dangerous  principles. 

The  Contemplation  of  appeared  in  1764.  In 

this  work  the  author  firft  enlarged  upon  the  common 
conceptions  entertained  concerning  the  exiftence  and 
perfedions  of  God ; and  of  the  order  and  uniformity 
obfervable  in  the  univerfe.  He  next  defeends  to  man, 
examines  the  parts  of  his  compofition,  and  the  various 
capacities  with  which  he  is  endowed.  He  next  pro- 
ceeds to  the  plants ; affembles  and  deferibes  the  laws  of 
their  economy ; and,  finally,  he  examines  the  infeds, 
indicates  the  principal  circumftances  in  which  they  dif- 
fer from  larger  animals,  and  points  out  the  philofophi- 
eal  inferences  that  may  legitimately  be  deduced  from 
thefe  differences  ; and  he  concludes  with  obfervations 
refpeding  the  induftry  of  infeds.  This  work  being  of 
a popular  nature,  the  author  fpared  no  pains  in  bellow- 
ing upon  it  thofe  ornaments  of  which  it  was  fufeepti- 
ble.  The  principles  which  he  thus  difeovered  and  ex- 
plained, induced  him  to  plan  a fyjiem  of  moral  philofo- 
phy ; which,  according  to  his  ideas,  confided  folely  in 
the  obfervance  of  that  relation  in  which  man  is  placed, 
refpeding  all  the  beings  that  furround  him.  The 
firft  branch  would  have  comprehended,  various  means 
which  philofophy  and  the  medical  fcience  have  difeo- 
vered for  the  prevention  of  difeafe,  the  prefervation  and 
augmentation  of  the  corporeal  powers,  and  the  better  ex- 
ertion of  their  force:  in  the  fecond,  he  propofed  to  Ihew, 
that  natural  philofophy  has  a powerful  tendency  to  em- 
bellifh  and  improve  our  mind,  and  augment  the  number 
of  our  rational  amufements,  while  it  is  replete  with  be- 
neficial effeds  refpeding  the  fociety  at  large.  To  ma- 
nifeft  the  invalidity  of  opinions,  merely  hypothetical,  he 
undertook,  in  the  third  place,  to  examine,  whether 
there  were  not  truths  within  the  compafs  of  human 
knowledge,  to  which  the  moft  fceptical  philofopher  muft 
be  compelled  to  yield  his  confent,  and  which  might 
ferve  as  the  bafis  of  all  our  reafonings  concerning  man 
and  his  various  relations.  He  then  would  have  dired- 
ed  his  attention  to  a firft:  caufe,  and  have  manifefted 
how  greatly  the  idea  of  a Deity  and  Supreme  Law- 
giver  favoured  the  conclufions  which  reafon  had  drawn 
from  the  nature  and  properties  of  things : but  it  is 
deeply  to  be  regretted  that  his  health,  impaired  by  in- 
ceffant labour,  would  not  permit  him  to  complete  the 
defign. 

His  laft  publication  was  the  Palingenefs^  which  treats 
of  the  prior  exiftence  and  future  ftate  of  living  beings. 

Of  his  publications  in  natural  hiftory,  thofe  deemed 
the  moft  excellent  are,  his  Treatife  on  the  beft  Means 
of  preferving  Infeds  and  Fifti  in  Cabinets  of  Natural 
Hiftory ; a differtation  on  the  Loves  of  the  Plants  ; 
fundry  pieces  on  the  Experiments  of  Spallanzani,  con- 
cerning the  Reprodudion  of  the  Head  of  the  Snail ; a 
Differtation  on  the  Plpa,  or  Surinam  Toad ; and  diffe- 
rent Treatifes  on  Bees. 

In  the  year  1783  he  was  eleded  honorary  member 
of  the  Academy  of  Sciences  at  Paris ; and  of  the  Aca- 
demy of  Sciences  and  the  Belles  Lettres  at  Berlin. 

Much  of  his  time  was  employed  In  a very  extenfive 
correfpondence  with  fome.of  the  moft  celebrated  natu- 
ral philofophers  and  others.  Of  this  number  were  Reau- 
mur, De  Geer  the  Reaumur  of  Sweden,  Du  Hamel, 
the  learned  Haller,  the  experimental  philofopher  Spal- 
lanzani, 
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Book-  lanzant,  Van  S<w'ieten,  Merian,  and  that  ornament  of 
keeping.  Switzerland  the  great  Lamhcrt.  He  entertained,  how- 
ever,  the  utmoft  averfion  to  controverfy.  He  thought 
that  no  advantage  to  be  obtained  by  it  could  compen- 
fate  for  the  lofs  of  that  repofe  which  he  valued,  with 
New’ton,  as  the  rent  prorfus  fubjfantialem.  He  never 
anfwered  remarks  that  were  made  to  the  prejudice  of 
his  writings,  but  left  the  decifion  with  the  public  ; yet, 
ever  ready  to  acknowledge  his  errors,  he  was  hncerely 
thankful  to  every  one  who  contributed  to  the  perfedtion 
of  his  works.  He  was  ufed  to  fay,  that  one  confeflion, 
I ivas  hi  the  nvrong,  is  of  more  value  than  a thoufand 
ingenious  confutations. 

; . His  literary  occupations,  and  the  care  he  was  obliged 

to  take  of  his  health,  prevented  him  from  travelling. 
He  delighted  in  retirement,  and  every  hour  was  occu- 
pied in  the  improvement  of  his  mind.  The  laft  25 
years  of  his  life  w'ere  fpent  in  the  fame  rural  fituation 
where  he  had  paffed  the  greater  pait  of  his  early  days ; 
yet  notwithftanding  the  purfuit  of  literature  was  his  fu- 
preme  delight,  he  never  refufed  to  fufpeiid  his  ftudies, 
when  the  good  of  his  country  feemed  to  demand  his 
fervices. 

He  was  chofen  in  175:2  member  of  the  Grand  Coun- 
cil in  the  republic  of  Geneva  ; and  he  affifted  regularly 
at  their  deliberations  till  the  year  1768,  where  he  dif- 
tinguifhed  himfelf  by  his  eloquence  ; his  moderation, 
united  with  firmnefs ; by  his  good  fenfe  and  penetra- 
tion in  cafes  of  difficulty ; and  by  the  zeal  with  which 
he  endeavoured  to  reclaim  his  fellow-citizens  to  that 
ancient  fimplicity  of  manners  which  had  been  fo  con- 
ducive to  the  welfare  of  the  date,  and  to  the  love  of 
virtue,  fo  effential  to  the  exiftence  of  genuine  liberty. 
His  condud,  in  every  cafe,  was  confident  with  his 
principles.  He  took  no  pains  to  accumulate  wealth, 
but  remained  fatistied  with  a fortune  equal  to  his  mo- 
derate wants,  and  to  the  exercife  of  his  benevolence. 
The  perfed  coirefpondence  between  his  extenfive 
knowledge  and  virtuous  deeds  procured  him  univerfal 
edeem. 

In  the  year  1788  evident  fymptoms  of  an  hydrops 
peSoris  manifcded  themfelves ; and  from  this  time  he 
gradually  declined.  He  fudained  his  indifpodtion  with 
unremitted  cheerfulnefs  and  compofure.  After  various 
fluduations,  ufual  in  that  complaint,  he  died  on  the 
20th  of  May  1793,  in  the  73d  year  of  his  age;  retain- 
ing his  prefence  of  m.ind  to  the  lad  moment,  admini- 
dering  comfort  to  furrounding  friends  and  relatives, 
and  attempting  to  alleviate  the  didrefs  of  his  difconfo- 
late  wnfe,  in  whofe  arms  he  expired. 

As  a demondration  of  the  high  value  placed  upon 
his  labours  and  talents  by  the  literati,  we  have  only  to 
■ remark,  that  he  was  member  of  mod  of  the  learned 

‘ focieties  of  Europe. 

BOOK  KEEPING,  is  an  art  of  which  the  importance 
; is  univerfally  known  ; and  as  commonly  pradifed,  it 

' has  been  fufficiently  explained  in  the  Encycloptedia. 

But  fince  that  article  was  written,  a great  improve- 
ment has  been  introduced  into  the  art,  or  rather  a 
new  method  of  book-keeping  has  been  invented,  by 
Mr  Edward  Thomas  Jones,  of  the  city  of  Bridol, 
accountant,  who  calls  it  the  EngHJlo  fyjiem  of  book-keep- 
ing ; and  thinks  that  by  it  accounts  may  be  more  regu- 
larly kept,  and  errors  in  accounts  more  eafily  deteded, 
than  by  any  other  method  hitherto  known.  We  are 


much  inclined  to  be  of  his  opinion  ; and  fhall  therefore  Book- 
lay  before  our  readers  his  defcription  of  this  method,  as  keeping, 
we  find  it  in  the  fpecification  of  the  patent  which  was 
granted  to  him  January  26,  1796. 

Ehe  EngUJJo  Syjiem  of  BooK-Keeping  requires  three 
books,  called  a day-book  or  journal,  an  alphabet,  and  a 
ledger,  which  mud  be  ruled  after  the  following  method, 

VIZ.  the  day-book  to  have  three  columns  on  each  page, 
for  receiving  the  amount  of  the  tranfadions ; one  co- 
lumn of  which  to  receive  the  amount  of  debits  and  cre- 
dits, one  column  to  receive  the  debits  only,  and  one 
column  to  receive  the  credits  only  ; or  it  may  be  ruled 
with  only  two  columns  on  each  page,  one  column  to 
receive  the  amount  of  the  debits,  and  one  column  to 
receive  the  amount  of  the  credits.  There  mud  alfo  be 
on  each  page  of  the  day-book  four  other  columns  ruled, 
two  on  the  left  fide  next  the  amount  of  the  debits,  and 
two  on  the  right  fide  next  the  amount  of  the  credits, 
for  receiving  the  letter  or  mark  of  poding,  and  the 
page  of  the  ledger  to  which  each  amount  is  to  be 
poded. 

The  alphabet  need  not  be  ruled  at  all,  but  mud  con- 
tain the  name  of  every  account  in  the  ledger,  the  letter 
that  is  annexed  to  it  as  a mark  of  poding,  and  the  page 
of  the  ledger. 

The  ledger  mud  be  ruled  with  three,  four,  five,  or 
feven  columns  on  each  page,  as  may  be  mod  agreeable, 
for  receiving  the  amounts  of  the  different  iranfaciions 
entered  in  the  day-book.  And  the  procefs  for  ufing 
thefe  books,  or  making  up  books  of  accounts  on  this 
plan,  is  as  follow's. 

When  a perfon  enters  into  trade,  whether  by  himfelf 
or  with  copartners,  he  mud  have  an  account  opened 
with  himfelf  in  the  ledger;  entering  fird  in  the  day- 
book, and  then  to  the  credit  of  his  account  in  the  led- 
ger, the  amount  of  the  property  he  advances  into  trade  : 

The  account  may  be  headed  either  with  his  name  only, 
or  elfe  called  his  dock-account. 

If  you  buy  goods,  give  the  perfon  credit  of  whom 
you  purchafe  ; when  you  fell  goods,  debit  the  perfon  to 
w'hom  faid  goods  are  fold.  If  you  pay  money,  debit 
the  perfon  to  whom  paid,  not  only  for  what  you  pay, 
but  alfo  for  any  difcount  or  abatement  he  may  allow, 
and  give  the  caffiier  credit  for  the  neat  amount  paid. 

If  you  receive  money,  credit  the  perfon  of  whom  you 
receive  It,  not  only  for  what  he  pays,  but  alfo  for  any 
difcount  or  abatement  you  may  allow,  and  debit  the 
cadiier  for  the  neat  amount  received  ; taking  care  in 
thefe  entries  to  have  nothing  myderious  or  obfcure,  but 
merely  a plain  narrative  of  the  fad,  introducing  not  one 
ufelefs  w'ord,  and  avoiding  every  technical  term  or  phrafe 
except  the  wmrds  debit  and  credit,  which  are  full  and 
comprehenfive,  and  the  only  terms  that  are  applicable 
to  every  tranfadion,  and  may  be  affixed  to  every  entry. 

But  as  a hurry  of  bufinefs  will  fometimes  take  place 
in  almod  every  counting-houfe,  which  may  caufe  the 
entries  to  be  m.ade  to  the  debit  indead  of  the  credit  of 
an  account  in  the  day-book,  and  to  the  credit  indead  of 
the  debit,  Mr  Jones  has  endeavoured  as  much  as  poffible 
to  counterad  the  evil,  by  having  only  one  column  for 
receiving  the  amount  of  every  tranfadion,  whether  de- 
bits or  credits,  at  the  indant  of  making  the  entry  ; and, 
for  the  convenience  of  feparaling  the  debits  from  the 
credits,  previous  to  poding,  which  is  neceifiiry  to  pre- 
vent confufion  and  perplexity,  he  has  two  other  columns 

on 
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Book-  on  the  fame  page ; that  on  the  left  fide  Into  which  the  bottom  of  the  next,  and  fo  on  to  the  end  of  the  ac-  Book- 
keeping. amount  of  every  debit  muft  be  carefully  entered,  and  counts  ; taking  care  that  the  amount  in  the  day-book,  keeping 

that  on  the  right  for  the  amount  of  the  credits,  which  of  each  month’s  tranfadtions,  be  brought  into  one  grofs  II . 
columns  muft  be  cafl;  up  once  a month.  The  column  amount  for  the  fame  time. 

of  debits  and  credits  of  itfelf  forming  one  amount;  the  But  although  this  procefs  mufl;  prove  that  the  ledger 
column  for  the  debits  producing  a fecond  amount ; and  contains  the  whole  contents  of  the  day-book,  and  nei- 
the  column  of  credits  a third  amount ; which  fecond  ther  more  nor  lefs,  yet  it  is  not  complete  without  the 
and  third  amounts,  added  together,  muft  exadUy  agree  mode  of  afeertaining  if  each  entry  be  pofted  to  its  right 
with  the  firft  amount,  or  the  work  is  not  done  right.  account ; which  may  be  afeertained  by  the  following 
By  this  means  the  man  of  bufinefs  may  obtain  month-  method.  He  has  laid  down  a rule  that  a letter,  which 
ly  fuch  a ftatement  of  his  affairs  as  will  flrow  how  much  may  be  ufed  alphabetically  in  any  form  or  flrape  that  is 

he  owes  for  that  month,  and  how  much  is  owing  to  agreeable,  flrall  be  affixed  to  each  account  in  the  led- 

him  ; and  the  debits  being  added  together  for  any  given  ger,  and  the  fame  letter  prefixed  to  the  names  in  the 

time,  with  the  value  of  the  ftock  of  goods  on  hand,  alphabet,  thefe  letters  being  ufed  as  marks  of  pofting, 
will,  when  the  amount  of  the  credit  is  fubtradted  there-  and  affixed  to  each  account  in  the  day-book  as  it  is 
from,  Ihew  the  profits  of  the  trade.  pofted  ; it  is  only  neceffary  therefore  to  compare  and 

Our  author  now  proceeds  to  the  procefs  of  pofting;  fee  that  the  letter  affixed  to  each  entry  in  the  day-book 
which  begins  with  opening  an  account  in  the  ledger  is  the  fame  as  is  prefixed  to  the  fame  name  in  the  al- 
with  every  perfon  to  whofe  debit  or  credit  there  has  phabet ; a difference  here  ftiews  of  courfe  an  error,  or 
been  an  entry  made  in  the  day-book ; affixing  to  each  elfe  it  muft  be  right. 

account  a letter,  which  is  to  be  ufed  as  a mark  of  poft-  At  the  end  of  the  year,  or  at  any  other  time,  when 
ing.  The  perfon’s  name,  place  of  abode,  and  the  fo-  perfons  balance  their  accounts,  if  there  be  no  objedlions 
lio  of  the  ledger,  muft  then  be  entered  in  the  alphabet,  to  the  profits  of  the  trade  appearing  in  the  books,  the 
w'ith  the  fame  letter  prefixed  to  each  name  as  is  affixed  ftock  of  goods  on  hand  at  prime  coft  may  be  entered  in 
to  the  account  in  the  ledger.  Next  the  page  of  tlte  the  day-book,  either  the  value  in  one  amount,  or  the 
ledger  on  which  each  account  is  opened  (and  which  will  particulars  fpecified,  as  may  be  moft  expedient,  and  an 
be  feen  in  the  alphabet)  muft  be  affixed  to  each  amount  account  opened  for  it  in  the  ledger,  to  the  debit  of 
in  the  day-book,  in  the  column  for  that  purpofe.  The  which  it  muft  be  pofted.  The  cafting  up  of  the  led- 
date  and  amount  of  each  debit  muft  then  be  pofted  in  ger  muft  then  be  completed  ; and  when  found  to  agree 
the  columns  for  receiving  it  in  the  ledger,  on  the  left  with  the  day-book,  and  the  amount  placed  at  the  bot- 

or  debit  fide  of  that  account  to  which  it  relates ; enter-  tom  of  each  column,  fubtrad  the  credits  from  the  de- 

ing,  as  a mark  of  pofting  in  the  day-book,  againft  each  bits,  and  it  will  ftiew  the  profit  of  the  trade  ; unlefs  the 
amount,  the  fame  letter  that  is  affixed  to  the  account  in  credits  be  the  greater  amount,  which  will  (hew  a lofs. 
the  ledger,  to  which  faid  amount  may  be  pofted.  Ob-  In  taking  off  the  balances  of  the  ledger,  one  rule  muft 
ferving  that  the  debits  of  January,  February,  March,  be  obferved,  and  it  cannot  be  done  wrong:  As  you 
See.  muft  be  pofted  into  the  column  for  thofe  months  proceed,  firft  fee  the  difference  between  the  whole 
in  the  ledger,  and  the  credits  muft  alfo  be  pofted  in  amounts  of  the  credits  and  debits  on  each  page  for  the 
like  manner,  filling  up  each  account  in  the  centre,  at  year,  with  which  the  difference  of  the  outftanding  ba- 
the expiration  of  every  month,  with  the  whole  amount  lances  of  the  feveral  accounts  on  each  page  muft  exadt- 
of  the  month’s  tranfadtions ; thus  having  in  a fmall  ly  agree,  or  the  balances  wdll  net  be  taken  right.  By 
fpace,  the  whole  ftatement  of  each  perfon’s  account  for  this  means  every  page  will  be  proved  as  you  proceed, 

the  year  ; in  the  columns  to  the  right  and  left  the  amount  and  the  balances  of  ten  thoufand  ledgers,  on  this  plan, 

feparately  of  each  tranfadlion  ; and  in  the  centre  a could  not  unobfervedly  be  taken  off  wrong, 
monthly  ftatement.  BORDENTOWN,  a pleafant  town  in  Burlington 

Having  deferibed  the  procefs  of  this  method  of  book-  co.  New  jerfey,  is  fituated  at  the  mouth  of  Crofswicks 
keeping,  he  thus  (hews  how  to  examine  books  kept  by  Creek,  on  the  E.  bank  of  a great  bend  of  Delaware 
this  method,  fo  as  to  afeertain,  to  an  abfolute  certainty,  River  ; 6 miles  below  Trenton,  9 N.  E.  from  Burling- 
if  the  ledger  be  a true  reprefentation  of  the  day-book;  ton,  by  w'ater,  and  15  by  land,  and  24  miles  N.  E. 

z.  <?.  not  only  if  each  tranfadtion  be  corredlly  pofted,  as  from  Philadelphia;  and  through  this  town,  which  con- 

to  the  amount  thereof,  but  alfo  if  it  be  rightly  entered  tains  about  100  houfes,  a line  of  ftages  paffes  from  ! 

to  the  debit  or  credit  of  its  proper  account.  This  ex-  New-York  to  Philadelphia.  The  fecond  divifion  of  j 

amination  differs  from  the  modes  that  have  heretofore  Heffians  was  placed  in  this  town,  in  December,  1776;  | 

been  pradtifed,  as  well  in  expedition  as  in  the  certain  and  by  the  road  leading  to  it,  600  men  of  that  nation  I 

accuracy  which  attends  the  procefs ; it  being  only  ne-  efcaped,  when  Gen.  Wafhington  furprifed,  and  made  I 

ceffary  to  caft  up  the  columns  through  the  ledger  dc-  prifoners  of  886  privates,  and  23  Heffian  officers,  at 
bits  and  credits,  according  to  the  examples  given  ; and  Trenton. 1 
the  amount  of  thofe  columns,  if  right,  muft  agree  with  BOSCAWEN,  a townfliip  in  Hilhborough  co. 
the  columns  in  the  day-book  for  the  fame  correfpond-  New-Hampfhire,  on  the  weftern  bank  of  Merrimack 
ing  fpace  of  time.  Thefe  callings  fljould  take  place  River  above  Concord ; 43  miles  N.  W.  of  Exeter,  and 
once  a m.mth  ; and  if  the  amounts  do  not  agree,  the  38  S.  E.  of  Dartmouth  College ; having  iio8inhabit- 

pofting  muft  then,  but  not  elfe,  he  called  over  ; and  ants.  Bofeawen  Hills  are  in  this  neighborhood. ii. 

when  the  time,  whether  it  be  one,  two,  three,  or  four  BOSCOVICH  (Roger  Jofeph),  one  of  the  moft  i 

months,  that  is  allotted  to  each  column  ol  the  ledger  is  eminent  mathematicians  and  philofbphers  of  the  pre-  ! 

expired,  the  amount  of  each  column  Ihould  be  put  at  fent  age,  was  born,  of  virtuous  and  pious  parents,  on  I 

the  bottom  of  the  firft  page,  and  carried  forward  to  the  the  nth  of  May  171 1,  in  the  city  of  Ragufa,  the  ca-  ■ j 

pital  I 


BOS 


BafcoTich.”  pital  of  a fmall  republic  of  the  fame  name,  lying  on  the 
eaftern  coaft  of  the  Adriatic  Sea.  At  baptifm,  the 
name  of  Roger  was  given  him,  to  which  he  added  that 
of  Jofeph  when  he  received  the  facrament  (a)  of  con- 
firmation. 

He  ftudied  Latin  grammar  In  the  fchools  which 
were  taught  by  the  Jefiiits  In  his  native  city.  Here  it 
foon  appeared  that  he  was  endued  with  fuperior  talents 
for  the  acquifition  of  learning.  He  received  knowledge 
with  great  facility,  and  retained  it  with  equal  firmnefs. 
None  of  his  companions  more  readily  perceived  the 
meaning  of  any  precept  than  he ; none  more  juftly 
applied  general  rules  to  the  particular  cafes  contained 
under  them.  He  announced  his  thoughts  with  great 
perfpicuity,  and  came  foon  to  compofe  with  propriety 
and  elegance.  His  application  was  equal  to  his  ca- 
pacity, and  his  progrefs  was  rapid.  At  the  beginning 
of  the  15th  year  of  his  age,  he  had  already  gone 
through  the  grammar  claffes  with  applaufe,  and  had 
fludied  rhetoric  for  fome  months.  His  moral  behavi- 
our had  likewife  been  very  good  : he  was  refpedlful  and 
obedient  to  his  parents  and  mailers,  affable  and  obli- 
ging to  his  equals,  and  exemplary  in  all  the  duties  of 
religion.  It  was  now  time  for  him  to  determine  what 
courfe  he  would  fteer  through  life  ; nor  did  he  hefitate 
long  in  coming  to  a refolution. 

The  Jefuit  fathers,  by  teaching  the  fciences  to  youth, 
were  very  ufeful,  and  at  the  fame  time  had  a fine  op- 
portunity of  obferving  their  fcholars  and  of  drawing 
into  their  fociety  thofe  boys  who  feemed  fit  for  their 
purpofe.  Such  a fubjecl  as  the  young  Bofeovich  could 
not  efcape  their  attention.  They  fhewed  him  particu- 
lar kindnefs,  to  which  he  was  not  infenfible.  He  had 
an  ardent  thirft  for  learning  ; to  advance  in  which  he 
felt  himfelf  capable ; and  he  thought  he  could  no- 
where have  a better  opportunity  of  gratifying  this  laud- 
able inclination  than  in  their  order,  in  which  fo  many 
perfons  had  ftione  in  the  republic  of  letters.  Accord- 
ingly, with  the  confent  of  his  parents,  he  petitioned  to 
be  received  among  them;  and  his  petition  was  imme- 
diately granted,  becaufe  it  was  defired  by  thofe  to 
whom  it  was  made. 

It  was  a maxim  with  the  Jefuits  to  place  their  moll 
eminent  fubjedls  at  Rome,  as  it  was  of  importance  for 
them  to  make  a good  figure  on  that  great  theatre. 
Wherefore,  as  Roger’s  mailers  had  formed  great  ex- 
pectations of  him,  they  procured  his  being  called  to 
that  city;  whither  he  was  fent  in  the  year  1725,  and 
entered  the  novicelhip  with  great  alacrity.  This  no- 
vicefhip  was  a fpace  of  two  years,  in  which  the  candi- 
date made  a trial  of  his  new  Hate  of  life  ; and  in  the 
mean  time  his  new  fuperiors  obferved  him,  and  delibe- 
rated whether  or  not  they  would  admit  him  into  their 
body.  During  thefe  two  years,  the  novice  was  princi- 
pally employed  in  exercifes  of  piety,  in  Undying  books 
of  Chrillian  morality,  and  in  becoming  perfedtly  ac- 
quainted with  the  rules  and  conllitutions  of  the  order. 
After  thefe  two  years  were  pall,  the  Jefuits  were  wil- 
ling to  retain  Bofeovich,  and  he  was  no  lefs  defirous  of 
remaining  with  them.  He  therefore  palfed  to  the 
SUPPL.  VoL.  I. 
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fchool  of  rhetoric ; in  which,  for  two  other  years  under  Bofeovich. 
the  moll  expert  mailers  of  the  fociety,  young  men  per- 
fected themfelves  in  the  arts  of  writing  and  fpeaking, 
which  was  of  fo  great  confequence  to  perfons  who  were 
dellined  to  treat  fo  much  with  their  neighbours.  Here 
Bofeovich  became  perfectly  well  acquainted  with  all 
the  claffical  authors,  and  applied  with  fome  predilection 
to  Latin  poetry. 

After  this  he  removed  from  the  noviciate  to  the  Ro- 
man College,  in  order  to  dudy  philofophy,  which  he 
did  for  three  years.  In  order  to  underlland  the  doc- 
trine of  phyfics,  it  was  necelTary  to  premife  the  know- 
ledge of  the  elements  of  geometry,  w^hich  is  alfo  other- 
wife  proper  for  forming  the  mind,  and  for  giving  to  it 
a true  talle  for  truth.  Here  it  was  that  our  young 
philofopher  came  to  be  In  his  true  element;  and  it  now 
appeared  how  extremely  fit  his  genius  was  for  this  kind 
of  lludy.  His  mailer,  though  he  was  able  and  expert, 
inllead  of  leading  him  on,  was  fcarcely  able  to  keep 
pace  with  him,  and  his  condifciples  were  left  far  be- 
hind. He  likewife  found  the  application  of  the  ma- 
thematics to  natural  philofophy  pleafant  and  eafy. 

From  all  this,  before  the  end  of  the  three  years,  he 
had  made  a great  advancement  in  phyfical  and  mathe- 
matical knowledge,  and  his  great  merit  was  generally 
acknowledged  by  his  companions,  and  well  known  to 
his  fuperiors.  He  had  already  begun  to  give  private 
lelTons  on  mathematics. 

According  to  the  ordinary  courfe  followed  by  the 
Jefuits,  their  young  men,  after  lludying  philofophy, 
were  wont  to  be  employed  in  teaching  Latin  and  the 
belles  lettres  for  the  fpace  of  five  years,  that  fo  they 
might  become  Hill  better  acquainted  with  polite  learn- 
ing, and  arrive  at  the  ftudy  of  theology  and  the  prieft- 
hood  at  a riper  age.  But  as  Roger  had  difeovered 
extraordinary  talents  for  geometrical  ftudies,  it  was 
thought  by  his  fuperiors  that  it  would  be  a pity  to 
detain  him  from  his  favourite  purfuits  in  a drudgery 
for  which  fo  many  others  were  fit  enough.  He  was 
therefore  dlfpenfed  with  from  teaching  thofe  fchools, 
and  was  commanded  to  commence  the  ftudy  of  di- 
vinity. 

During  the  four  years  that  he  applied  to  that  fublime 
fclence,  he  ftill  found  fome  leifure  for  geometry  and 
phyfics  ; and  even  before  that  fpace  was  ended,  he 
was  named  profeffor  of  his  beloved  mathematics. 

He  was  now  placed  in  an  office  for  which  he  was  fu. 
perlatively  fit,  and  for  which  he  had  a particular  pre- 
dileflion.  Befides  having  feen  all  the  beft  modern  pro- 
ductions on  mathematical  fubjeits,  he  ftudied  diligent- 
ly the  ancient  geometricians,  and  from  them  learned 
that  exadl  manner  of  reafoning  which  Is  to  be  obferved 
in  all  his  works.  Although  he  himfelf  perceived  eafily 
the  concatenation  of  mathematical  truths,  and  could 
follow  them  into  their  moft  abftrufe  recelTes,  yet  he  ac- 
commodated himfelf  with  a fatherly  condefeenfion  to 
the  weaker  capacities  of  his  fcholars,  and  made  every 
demonftration  clearly  Intelligible  to  them.  When  he 
perceived  that  any  of  his  difciples  were  capable  of  ad- 
vancing fafter  than  the  reft,  he  himfelf  would  propofe 

S his 


(a)  For  this  article  we  are  indebted  to  a dignified  clergyman  of  the  church  of  Rome,  who  was  one  of  Bofeo- 
vich’s  favourite  pupils. 
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Bofcovlth.  his  giving  them  private  leflbns,  that  fo  they  might  not 
Jofe  their  time  ; or  he  would  propofe  to  them  proper 
books  with  diredUons  how  to  ftudy  them  by  themfelves, 
being  always  ready  to  Iblve  difficulties  that  might  oc- 
cur to  them. 

To  the  end  that  he  might  be  the  more  ufeful  to  his 
fcholars,  he  took4;ime  from  higher  purfuits  to  compofe 
new  elements  of  arithmetic,  algebra,  plain  and  folid 
geometry,  and  of  plain  and  fpheric  trigonometry  ; and 
although  thefe  fubjedts  had  been  well  treated  by  a great 
many  authors,  yet  Bofcovich’s  work  will  always  be 
efleemed  by  good  judges  as  a mafterly  performance, 
well  adapted  to  the  purpofe  for  which  it  was  intended. 
To  this  he  afterwards  added  a new  expofition  of  conic 
feftions ; in  which,  from  one  general  definition,  he 
draws,  with  admirable  perfpicuity,  all  the  properties  of 
thofe  three  moft  ufeful  curves.  He  had  meditated  a 
complete  body  of  pure  and  mixed  mathematics,  in 
which  were  to  be  comprehended  treatifes  on  mufic, 
and  on  civil  and  military  architecture ; but  from  ac- 
complifhing  this  he  was  prevented  by  other  neceflary 
occupations. 

According  to  the  cuftom  of  fchools,  every  clafs  in 
the  Roman  College,  towards  the  end  of  the  fcholaftic 
year,  gave  to  the  public  fpecimens  of  their  proficiency. 
With  this  view  Bofcovich  publifhed  yearly  a differtation 
on  fome  interefting  phyfico-mathematical  fubjedl.  The 
dodrine  of  this  differtation  was  defended  publickly  by 
fome  of  hi?  fcholars,  affifted  by  their  mafter.  At  thefe 
literary  differtations  there  was  always  a numerous  con- 
courfe  of  the  moft  learned  men  in  Rome.  His  new 
opinions  in  philofophy  were  here  rigoroufly  examined 
and  warmly  controverted  by  perfons  well  verfed  in 
phyfical  ftudies:  but  he  propofed  nothing  without  fo- 
lid grounds;  he  had  forefeen  all  their  objections,  an- 
fwered  them  viClorioufly,  and  always  came  off  with 
great  applaufe  and  increafe  of  reputation.  He  publiffi- 
ed  likewife  differtations  on  other  occafions ; and  thefe 
works,  though  fmall  in  fize,  are  very  valuable  both  for 
the  matter  they  contain,  and  alfo  for  the  manner  in 
which  it  is  treated.  The  principal  fubjeCts  of  thefe  dif- 
fertations are  the  following : The  fpots  in  the  fun ; 
the  tranlit  of  mercury  under  the  fun  ; the  geometrical 
conftruCtion  of  fpheric  trigonometry  ; the  aurora  bo- 
realis ; a new  ufe  of  the  telefcope  for  the  determination 
of  celeftial  objeCls ; the  figure  of  the  earth  ; the  argu- 
ments made  ufe  of  by  the  ancients  to  prove  the  rotun- 
dity of  the  fame  ; the  circles  which  are  called  ofcula- 
tors  ; the  motion  of  bodies  projedled  in  a fpace  void  of 
refiftance  ; the  nature  of  infinites  and  of  infinitely  little 
quantities  ; the  inequality  of  gravity  in  different  parts 
of  the  earth  ; the  annual  aberration  of  the  fixed  ftars  ; 
the  limits  of  the  certainty  to  which  aftronomical  obfer- 
vations  can  arrive  ; a difeuffion  on  the  whole  of  aftrono- 
my  ; the  motion  of  a body  attraefted  by  certain  forces 
towards  an  immoveable  centre  in  fpaces  void  of  refift- 
ance ; a mechanical  problem  on  the  folid  of  greateft 
attraction  ; a new  method  of  ufing  the  obfervation  of 
the  phafes  in  the  lunar  eclipfes ; the  cycloid  ; the  lo- 
giftic  and  certain  other  curve  lines ; the  forces  that  are 
CAWtdi  Uvmg ; the  comets  ; the  flux  and  reflux  of  the 
fea  ; light;  whirlwinds;  a demonftration  and  illuftra- 
tion  of  a paffage  in  Newton  concerning  the  rainbow  ; 
the  demonftration  and  illullration  of  a method  given 
by  Euler  regarding  the  calculation  of  fractions ; the 


determination  of  the  orbits  of  a planet  by  means  of  ca-  Bofcovich. 
toptries,  certain  conditions  of  its  motion  being  given  ; 
the  centre  of  gravity  and  that  of  magnitude;  the  at- 
mofphere  of  the  moon  ; the  law  of  continuity,  and  the 
confequences  of  it  in  the  elements  of  matter  and  their 
forces  ; the  law  of  the  forces  that  exift  in  nature ; len- 
fes  and  dioptrical  telefcopes  ; the  perturbation  which 
appears  to  be  caufed  mutually  by  Jupiter  and  Saturn, 
and  that  chiefly  about  the  time  of  their  conjunction ; 
the  divifibility  of  matter  and  the  elements  of  bodies ; 
the  objective  micrometer  ; — befides  other  fubjeCts  of  the 
like  nature,  of  which  he  has  treated  in  feparate  pieces, 
or  in  communications  inferted  in  the  tranfaClions  of  li- 
terary focieties  or  academies,  he  being  a member  of 
thofe  that  are  moft  famous  in  Europe.  It  was  in  fome 
of  the  abovementioned  differtations  that  Bofcovich 
made  known  firft  to  the  v/orld  his  fentiments  concern- 
ing the  nature  of  body,  which  he  afterwards  digefted 
into  a regular  theory,  which  is  juftly  become  fo  famous 
among  the  learned. 

Father  Noceti,  another  Jefuit,  had  compofed  two 
excellent  poems  on  the  rainbow  and  the  aurora  borealis. 

Thefe  poems  were  publiftied  with  learned  annotations 
by  Bofcovich  ; in  which,  among  other  things,  he  with 
great  fagacity  difeovers  errors  in  optics  into  which  De 
Dominis,  Kepler,  and  others,  had  fallen. 

His  countryman,  Benedict  Stay,  after  having  pub- 
lilhed  the  philofophy  of  Defcartes  in  Latin  verfe,  at- 
tempted the  fame  with  regard  to  the  more  modern  and 
more  true  philofophy,  and  has  executed  it  with  won- 
derful fuccefs,  to  the  admiration  of  all  good  judges. 

The  two  firft  volumes  of  this  elegant  and  accurate 
work  were  publifhed  with  annotations  and  fupplements 
by  Bofcovich.  Thefe  fupplements  are  fo  many  fliort 
differtations  on  the  moft  important  parts  of  phyfics  and 
mathematics.  Here  is  to  be  found  a folution  of  the 
problem  of  the  centre  of  ofcillation,  to  which  Huygens 
had  come  by  a wrong  method ; here  he  confutes  Euler, 
who  had  imagined  that  the  vis  inertia  was  neceffary  in 
matter  ; here  he  refutes  the  ingenious  efforts  of  Riccati 
on  the  Leibnitzian  opinion  of  the  forces  called  living. 

He  likewife  fhews  the  falfehood  of  the  mathematical 
prejudice,  according  to  which  the  right  line  is  confider- 
ed  as  effentially  more  Ample  than  curves,  and  makes  it 
appear,  that  the  notion  of  the  faid  right  line  is  com- 
monly accompanied  with  many  paradoxes.  He  demon- 
ftrates,  by  the  doClrine  of  combinations,  fome  beauti- 
ful theorems  concerning  the  fpace  occupied  by  the 
fmall  maffes  of  body,  with  many  uleful  obfervations  on 
fpace  and  time. 

Benedifl  XIV.  who  was  a great  encourager  of  learn- 
ing, and  a beneficent  patron  of  learned  men,  was  not 
ignorant  how  valuable  a fubjedl  Rome  poffeffed  in  Bof- 
covich ; and  this  pope  gave  him  many  proofs  of  the 
efteem  he  had  for  him.  Two  fiffures  which  had  been 
perceived  in  the  cupola  of  the  church  of  St.  Peter’s  on 
the  Vatican  had  occafioned  fome  alarm.  The  pope 
defred  Bofcovich  and  fome  other  mathematicians  to 
make  their  obfervations  and  give  their  opinion  on  the 
fame.  They  obeyed,  and  their  opinion  was  printed. 

They  ffiewed  that  there  was  no  caufe  to  apprehend  dan- 
ger ; but,  for  greater  fecurity,  they  propofed  certain 
precautions,  which  were  adopted  and  put  in  execution. 

The  high  opinion  which  the  pope  had  formed  of  his 
talents,  and  the  favour  in  which  he  was  with  Cardinal 

Valenti, 
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Jpofcovich.  Valenti,  minifterof  ftate,  proved  hindrances  to  his  go- 
ing  to  America,  for  which  a propofal  was  made  to  him 
by  the  court  of  Lifbon.  Some  differences  had  long 
fubfifted  between  Spain  and  Portugal  concerning  the 
boundaries  of  their  refpedive  dominions  in  that  great 
continent ; and  John  V.  of  Portugal  wiflied  that  Bof- 
eovich  would  go  over  and  make  a topographical  furvey 
of  the  country  in  difpute.  He  was  not  unwilling  to 
undertake  fuch  a talk,  which  was  entirely  to  his  tafte ; 
and  he  was  refolved  at  the  fame  time  to  meafure  a de- 
gree of  the  meridian  in  Brazil,  which  might  be  com- 
pared with  that  meafured  at  Quito  by  the  French  aca- 
demicians Bouguer  and  Condamine,  with  the  Spaniards 
Ulloa  and  Doy.  But  the  pope  hearing  of  this  propo- 
fal, fignified  to  the  Portuguefe  minifter  at  Rome,  that 
his  matter  mutt  needs  excufe  him  for  detaining  Bofco- 
vich  in  Italy,  where  he  had  occafion  for  him,  and 
could  by  no  means  confent  to  part  with  him. 

Accordingly  a commiffion  was  given  to  Bofcovich 
by  Benedidt  to  corredl  the  maps  of  the  papal  ettate, 
and  to  meafure  a degree  of  the  meridian  patting  thro’ 
the  fame.  This  he  performed  with  great  accuracy, 
aflStted  by  F.  Chrittopher  Maire  an  Englifli  Jefuit,  and 
like  wife  a great  mathematician.  Their  map  was  en- 
graved at  Rome,  and  is  perhaps  the  mott  exact  piece  of 
the  kind  that  ever  was  printed,  as  all  the  places  are 
laid  down  from  triangular  obfervations  made  by  the 
ablctt  hands.  Bofcovich  alfo  publittied,  in  a quarto 
volume  in  Latin,  an  account  of  the  whole  expedition, 
which  appeared  at  Rome  in  the  year  1755,  and  was 
afterwards  printed  at  Paris  in  French  in  the  year  1770. 
Here  he  gives  a detail  of  their  obfervations  and  of  the 
methods  they  followed,  and  likewife  of  the  difficulties 
they  encountered,  and  how  they  were  furmounted. 
One  of  thefe  embarrafled  them  a good  deal  at  the  time, 
but  was  afterwards  matter  of  diverfion  to  them  and 
others.  Some  of  the  inhabitants  of  the  Apeninnes,  fee- 
ing them  pafs  from  hill  to  hill  with  poles  and  ttrange 
machines,  imagined  that  they  were  magicians  come 
among  their  mountains  in  fearch  of  hidden  treafures, 
of  which  they  had  fome  traditions : and  as  tempetts  of 
thunder  and  hail  happened  about  the  fame  time,  they 
fuppofed  that  thefe  calamities  were  caufed  by  the  force- 
ries  of  their  new  vifitants.  They  therefore  infitted 
that  Bofcovich  and  Maire  fhould  depart ; and  it  was 
not  eafy  to  convince  them  that  their  operations  were 
harmlefs.  In  this  work  there  is  inferred  a defeription 
of  the  inttruments  made  ufe  of  in  determining  the  ex- 
tent of  the  degree  of  the  meridian  ; and  the  whole  W'ork 
may  be  extremely  ufeful  to  pradical  geometricians  and 
attronomers. 

In  the  year  1757  the  republic  of  Lucca  entrufted 
Bofcovich  with  the  management  of  an  affair  w'hich  was 
to  them  of  confiderable  importance.  Between  that  re- 
public and  the  regency  of  Tufeany  there  had  arifen  a 
difagreeable  difpute  concerning  the  draining  of  a lake, 
and  the  direffion  to  be  given  to  fome  waters  near  the 
boundaries  of  the  two  ettates.  The  Lucchefe  fenate 
chofe  our  philofopher  to  treat  of  this  bufinefs  on  their 
part.  He  repaired  to  the  fpot,  confidered  it  attentive- 
ly, and  drew  up  a writing,  accompanied  with  a map, 
to  fhew  more  clearly  what  appeared  to  him  mott  equi- 
table and  mott  advantageous  for  both  parties.  In  or- 
der to  enforce  his  reafons  the  more  effedually,  it  was 
thought  proper  that  he  fhould  goto  Vienna,  where  the 


emperor  Francis  I.  w'ho  was  likewife  grand  duke  of  Bofcovich. 
Tufeany,  refided.  He  was  fo  fuccefsful  in  this  nego- 
ciation,  that  he  obtained  every  thing  that  Lucca  defir- 
ed,  and  at  the  fame  time  acquired  great  etteem  at  the 
imperial  court.  In  proof  of  this,  the  ernprefs  queen 
made  his  opinion  be  afked  concerning  the  liability  of 
the  Cefarean  library,  and  the  repairs  to  be  made  in  it ; 
which  he  gave  in  writing,  and  it  was  received  with 
thanks,  as  being  very  well  grounded. 

When  he  had  concluded  the  affair  w'hich  had  brought 
him  to  Vienna,  he  forefaw  that,  for  a month  or  two, 
the  fnows  in  the  Alps  would  not  allow  him  to  return 
to  Italy.  He  therefore  refolved  to  employ  that  time 
in  completing  his  fyftem  of  natural  philofophy,  on 
which  he  had  been  meditating  for  the  fpace  of  thirteen 
years.  He  publifhed  his  work  on  that  great  fubjedf  in 
the  beginning  of  the  year  1758,  in  the  abovemention- 
ed  city.  We  fhall  in  the  end  give  an  account  of  that 
celebrated  fyttem,  and  here  go  on  with  our  narration. 

On  his  return  to  Lucca,  he  not  only  met  with  the 
approbation  of  all  he  had  done  for  the  interett  of  the 
republic,  hut  alfo  the  fenate,  in  teftimony  of  their  gra- 
titude, made  him  prefents,  and  inrolled  him  in  the  num- 
ber of  their  nobility,  which  was  the  greatett  honour 
they  had  in  their  power  to  confer  on  him. 

He,  who  was  thus  ufeful  to  foreigners,  could  not  re- 
fufe  to  be  ferviceable  to  his  own  country  when  an  oc- 
cafion  of  being  fo  offered  itfelf.  The  Britifh  minittry 
had  been  informed,  that  ttiips  of  war,  for  the  French, 
had  been  built  and  fitted  out  in  the  fea-ports  of  Ragu- 
fa,  and  had  fignified  their  difpleafure  on  that  account. 

This  occafioned  uneafinefs  to  the  fenate  of  Ragufa,  as 
their  fubjeds  are  very  fea-faring,  and  much  employed 
in  the  carrying  trade  ; and  therefore  it  would  have  been 
inconvenient  for  them  to  have  caufed  any  difgutt  againfl 
them  in  the  principal  maritime  power.  Their  coun- 
tryman Bofcovich  was  defired  to  go  to  London,  in  or- 
der to  fatisfy  that  court  on  the  abovementioned  head  ; 
and  with  this  defire  he  complied  cheerfully  on  many 
accounts.  His  fuccefs  at  London  was  equal  to  that  at 
Vienna.  He  pleaded  the  caufe  of  his  countrymen  ef- 
fedually  there,  and  that  without  giving  any  ottence  to 
the  French,  with  whom  Ragufa  foon  after  entered  in- 
to a treaty  of  commerce. 

Bofcovich  came  to  London  the  more  willingly,  as 
he  was  defirous  of  converfing  with  the  learned  men  of 
Britain.  He  was  received  by  the  prefident  and  prin- 
cipal members  of  the  Royal  Society  with  great  refped  ; 
and  to  that  great  body  he  dedicated  his  poem  on  the 
cclipfes  of  the  fun  and  moon,  which  v/as  printed  on 
this  occafion  at  London,  in  the  year  1760.  This  is 
one  of  his  works  on  which  he  himfelf  put  the  greatett 
value,  and  it  has  been  much  etteemed  by  the  learned. 

An  edition  of  it  was  publifhed  at  Venice  the  year  fol- 
lowing, and  a third  at  Paris,  which  is  the  mott  corredl ; 
a tranflation  of  it  into  French  has  likewife  been  publifh- 
ed at  Paris.  In  this  very  elegant  Latin  poem  he  gives 
an  exa<tt  compend  of  attronomy,  which  ferves  as  an  in- 
trodudfion  to  the  fubjedt ; he  then  explains  all  that  be- 
longs to  the  dodtrine  of  eclipfes,  and  their  ufe  in  geo- 
graphy; he  confiders  the  phenomena  that  are  obfer- 
ved  in  the  eclipfes  of  the  fun,  and  likewife  of  the  moon  ; 
he  propofes  a theorem,  which  is  his  own,  concerning 
the  dittribution  of  light  refradled  from  the  atmofphere 
of  the  earth  by  the  fhadow  of  the  moon,  which  happens 
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Bofcovlch.  in  the  lunar  eclipfes  ; he  explains  the  phenomenon  of 
the  reddifli  colour  which  often  appears  in  the  moon 
when  ihe  is  eclipfed,  of  which  a fufficient  explication 
had  not  before  been  given  ; this  the  author  draws 
from  the  fundamental  dodrine  of  Newton’s  theory 
concerning  light  and  colours ; and  hence  takes  occa- 
fion  to  give  a clear  idea  of  the  principal  confequences 
of  the  faid  theory.  All  this  is  clothed  with  a beauti- 
ful poetical  drefs,  and  is  adorned  with  pleafant  epifodes, 
not  to  mention  the  learned  annotations  which  are  fub- 
joined.  This  poem  was  compofed,  for  the  molt  part, 
whilft  the  author  was  in  journeys,  or  by  way  of  amufe- 
ment,  when  he  was  obliged  to  wait  for  the  opportuni- 
ties of  making  aftronomical  obfervations. 

The  fellows  of  the  Royal  Society  invited  Bofcovich 
to  accompany  fome  of  their  number  to  America,  to  ob- 
ferve  the  tranfit  of  Venus,  which  was  to  happen  in  the 
year  1762  ; but  being  otherwife  engaged,  he  could  not 
accept  of  that  invitation.  He  intended,  however,  by 
all  means  to  obferve  that  remarkable  phenomenon,  and 
bad  fixed  on  Conftantinople  as  a proper  place  for  doing 
fo.  He  was  conduced  thither  in  a Venetian  man  of 
w'ar,  and  much  honoured  by  one  of  the  baylos  of  that 
republic,  who  commanded  the  veffel ; but,  to  his  great 
regret,  they  arrived  too  late.  He  returned,  by  land, 
in  the  company  of  the  Englifh  ambalfador ; and  a rela- 
tion of  that  journey  was  publilhed  in  French  and  after- 
wards in  Italian. 

During  thefe  journeys,  Bofcovich’s  place  in  the  Ro- 
man College  was  well  filled  by  fome  of  thofe  whom  he 
himfelf  had  trained  up  in  mathematical  learning.  He 
was  now  called  by  the  fenate  of  Milan  to  teach  mathe- 
matics in  the  univerfity  of  Pavia,  with  the  offer  of  a 
very  confiderable  falary.  He  and  his  fuperiors  thought 
proper  to  accede  to  this  propofal,  and  he  was  received 
W'ithout  being  fubjedted  to  any  previous  examination  ; 
which  was  always  obferved,  excepting  in  fuch  an  extra- 
ordinary cafe,  by  the  decrees  of  the  univerfity.  Here 
he  taught,  with  great  applaufe,  for  the  fpace  of  fix 
years,  having  at  the  fame  time  the  care  of  the  obferva- 
tory  of  the  Royal  College  of  Brera.  About  the  year 
1770,  the  emprefs  queen  made  him  profeffor  of  aftro- 
nomy  and  optics  in  the  Palatine  fchools  of  Milan  ; re- 
quiring of  him,  however,  that  he  fhould  continue  to 
improve  the  obfervatory  of  Brera  ; which,  under  his  di- 
redtion,  became  one  of  the  mofl;  perfedt  in  Europe. 

Here  he  was  extremely  happy,  teaching  the  fciences, 
applying  to  his  favourite  ftudies,  and  converfing  and 
correfponding  with  men  of  learning  and  of  polifiied 
manners ; when  an  event  happened  which  caufed  to 
him  the  moft  fenfible  afflidtion.  In  the  year  1773,  the 
foeiety  to  which  he  belonged,  and  to  which  he  had 
been  from  his  youth  warmly  attached,  was,  to  his  great 
regret  and  difappointment,  aboliflied.  They  who  had 
been  Jefuits  were  allowed  no  longer  to  teach  publicly  ; 
nor  was  there  any  exception  made  in  favour  of  Bofco- 
vich, neither  (fuch  was  his  humour  then)  would  he 
have  accepted  of  it,  though  it  had  been  offered  him. 
Propofals  were  made  to  him  by  feveral  perfons  of  dif- 
tindtion;,  and,  after  fome  deliberation,  he  chofe  Paris 
for  his  place  of  abode ; to  which  he  was  induced  by 
the  circumflance  of  his  being  intimately  acquainted 
with  the  prime  minifter  at  that  court.  He  had  not 
been  many  months  at  Paris  when  the  univerfity  of  Pifa 


fent  him  an  invitation  to  go  thither,  in  order  to  pro-  Bof«ovich. 

fefs  aftronomy.  But  the  French  minifter,  underftand- 

ing  this,  declared  to  the  minifter  of  Tufeany,  that  it 

was  the  intention  of  his  moft  Chriftian  majefty  tomake 

his  dominions  agreeable  to  Bofcovich,  by  giving  him 

liberal  appointments.  In  fadt  he  was  foon  naturalized, 

and  two  large  penfions  were  beftowed  on  him  ; the  one 

as  an  honourable  fupport,  to  the  end  that  he  might 

profecute  his  fublime  ftudies  at  his  eafe  and  in  affluence ; 

the  other  as  a falary  annexed  to  a new  office,  created 

in  his  favour,  under  the  name  of  Dire&or  of  Optics  for 

the  Sea  Service,  and  with  the  foie  obligation  of  perfedt- 

ing  the  lenfes  which  are  ufed  In  achromatical  telefcopes. 

At  Paris  he  remained  ten  years,  applying  principal- 
ly to  optics,  and  much  regarded,  not  only  by  the  moft 
reafonable  men  of  letters,  but  likewife  by  the  princes 
and  mlnifters,  both  of  France  and  of  other  nations. 

But  the  greateft  men  are  not  exempt  from  being  en- 
vied. Some  of  the  French  were  difpleafed  that  a fo- 
reigner fhould  appear  fuperior  to  themfelves  ; others  of 
them  could  not  f^orget  that  Bofcovich  had  difeovered 
and  expofed  their  miftakes.  The  irreligion  which  pre- 
vailed too  much  among  thofe  who  bore  the  name  of 
philofophers,  was  difagreeable  to  him.  Thefe,  and 
other  fuch  circumftances,  made  him  wearied  of  Paris, 
and  he  defired  to  revifit  his  friends  in  Italy  j for  which 
purpofe  he  obtained  leave  of  abfence  for  two  years. 

The  firft  place  in  Italy  in  which  he  made  any  ftay  was 
at  Baffano,  a town  in  the  territories  of  Venice.  Here, 
mindful  of  his  obligations,  he  printed  what  he  had  been 
preparing  for  the  prefs  during  his  ftay  in  France  ; and 
this  compofes  five  volumes  in  large  oftavo,  and  is  a trea- 
fure  of  optical  and  aftronomical  knowledge.  The  fub- 
je<fts  treated  of  in  thefe  volumes  are  as  follow:  A new 
inftrument  for  determining  the  refratfting  and  diverging 
forces  of  diaphonous  bodies;  a demonftration  of  the 
falfehood  of  the  Newtonian  analogy  between  light  and 
found  ; the  algebraic  formulas  regarding  the  focufes  of 
lenfes,  and  their  applications  for  calculating  the  fpheri- 
city  of  thofe  which  are  to  be  ufed  in  achromatical  tele- 
fcopes ; the  correffions  to  be  made  in  occular  lenfes,  and 
the  error  of  the  fphericity  of  certain  glafl'es ; the  caufes 
which  hinder  the  exadl:  union  of  the  folar  rays  by  means 
of  the  great  burning  glaffes,  and  the  determination  of 
the  lofs  arifing  from  it ; the  method  of  determining  the 
different  velocities  of  light  paffing  through  different  me- 
diums by  means  of  two  dioptrical  telefcopes,  one  com- 
mon, the  other  of  a new  kind,  containing  water  between 
the  objedlive  glafs  and  the  place  of  the  image  ; a new 
kind  of  objedtivc  micrometers ; the  defeffs  and  inutility 
of  a dioptrical  telefcope  propofed  and  made  at  Paris, 
which  gives  two  images  of  the  fame  objedl,  the  one  di- 
redt,  the  other  inverfe,  with  two  contrary  motions  of 
moveable  objedts ; raaffes  floating  in  the  atmofphere,  as 
hail  of  an  extraordinary  fize,  feen  on  the  fun  with  the 
telefcope,  and  refembling  fpots ; the  aftronomical  re- 
fradtlons,  and  various  methods  for  determining  them; 
various  methods  for  determining  the  orbits  of  comets 
and  of  the  new  planet,  with  copious  applications  of  thefe 
dodtrines  to  other  aftronomical  fubjedis,  and  ftill  more 
generally  to  geometry  and  to  the  fcience  of  calculation; 
the  errors,  the  redtifications,  and  the  ufe  of  quadrants, 
of  fextants,  of  aftronomical  fedlors,  of  the  meridian  line, 
of  telefcopes  called  the  inftruments  of  tranfits,  of  the 
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tofcovich.  meridian,  and  of  the  paralladlic  machine  ; the  trigono- 
metrical  differential  formulae,  which  are  of  fo  much  ufe 
in  aftronomy  ; the  ufe  of  the  micrometrical  rhombus,  ex- 
tended to  whatever  oblique  pofition  ; the  error  arifiiig 
from  refradtions  in  ufmg  the  aftronomical  ring  for  a fun- 
dial,  and  the  corredion  to  be  made  ; the  appearing  and 
the  difappearing  of  Saturn’s  ring  ; the  methods  of  de- 
termining the  rotation  of  the  fun  by  means  of  the  fpots, 
propofed  formerly  by  the  author,  and  now  perfeded  ; 
the  greateft  exadnefs  pofllble  in  determining  the  length 
of  a pendulum  ofcillating  every  fecond  of  middle  time 
by  the  comparifon  of  terreftrial  and  celeftial  gravity  ; a 
compend  of  aftronomy  for  the  ufe  of  the  marine,  con- 
taining the  elements  of  the  heavenly  motions,  and  of 
the  aftronomical  inftruments  to  be  explained  to  a prince 
in  the  courfe  of  one  month  ; a method  for  determining 
the  altitude  of  the  poles  with  the  greateft  exadnefs,  by 
means  of  a gnomon  alone,  where  other  inftruments  are 
not  to  be  had ; the  determination  of  the  illuminated 
edge  of  the  moon  to  be  obferved  on  the  meridian  ; a 
method  of  ufmg  the  retrograde  return  of  Venus  to  the 
fame  longitude,  for  determining  the  lefs  certain  elements 
of  her  orbit ; a method  for  correding  the  elements  of  a 
comet,  of  which  the  longitude  of  the  node  is  given,  and 
the  inclination  of  the  orbit  has  been  found  nearly  ; ano- 
ther method  for  the  fame  purpofe,  and  for  finding  the 
elliptical  orbit,  when  the  parabolic  one  does  not  agree 
with  the  obfervations ; a method  for  correding  the  ele- 
ments of  a planet  by  three  obfervations  ; the  projedion 
of  an  orbit  inclined  in  the  plane  of  the  ecliptic  ; the  pro- 
jedion of  an  orbit  inclined  in  any  other  plane  ; the  cal- 
culation of  the  aberration  of  the  ftars,  arifing  from  the 
fucceffive  propagation  of  light ; fome  beautiful  theorems 
belonging  to  triangles,  which  are  of  great  ufe  in  aftro- 
nomy, reduced  to  moft  fimple  demonftrations. 

After  having  feen  the  impreftion  of  thefe  five  volumes 
finifhed,  Bofcovich  left  Balfano,  made  an  excurfion  to 
Rome,  and  vifited  his  old  friends  there  and  in  other 
places  of  Italy.  He  then  took  up  his  abode  at  Milan, 
and  applied  to  the  revifing  of  fome  of  his  old  works, 
and  to  the  compofmg  of  new  ones.  He  fet  himfelf  par- 
ticularly to  prepare  annotations  and  fupplements  to  the 
remaining  two  volumes  of  Stay’s  Modern  Philofophy, 
which  he  had  not  had  time  to  publUh  fooner,  and  which 
he  lived  not  to  publifh. 

He  was  happy  at  Milan  in  the  neighbourhood  of 
Brera,  where  was  his  favourite  obfervatory  ; and  in  the 
company  of  many  friends,  who  were  become  the  more 
dear  to  him  by  his  long  abfence  from  them.  But  he 
began  to  confider,  with  grief,  that  his  two  years  of  ab- 
fence were  drawing  to  an  end.  He  W'as  very  unwilling 
to  leave  Italy  and  return  to  France.  He  thought  of 
applying  for  a prolongation  of  his  abfence  ; he  thought 
of  making  intereft  at  the  Imperial  court  for  fome  ho- 
nourable commiftion,  which  might  be  a pretext  to  him 
for  remaining  at  Milan  ; but  he  was  afraid  that  the  pro- 
pofal  of  never  returning  to  France  might  appear  indeli- 
cate and  ungra.teful  to  a nation  from  which  he  w'as  re- 
ceiving confiderable  penfions.  He  apprehended  that 
thofe  perfons  at  Paris  who  had  before  oppofed  him, 
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would  take  occafion  to  tax  him  with  Ingratitude,  and  Bofeovieh. 
that  hence  his  reputation  would  be  tarnilhed.  Thefe, 
and  other  fuch  thoughts,  occafioned  a great  perplexity 
of  mind,  which  was  followed  by  a deep  melancholy  ; 
and  this  could  not  be  alleviated  by  the  advice  and  com- 
fort of  his  friends,  becaufe  by  degrees  he  became  inca- 
pable of  hearing  reafon,  his  ideas  being  quite  confufed, 
and  his  imagination  difordered.  To  this  difagreeable 
change  the  ftate  of  his  health  perhaps  contributed.  A 
gout  had  been  w'andering  for  fome  time  through  his 
body,  and  he  had  caught  a fevere  cold  ; nor  would  he 
admit  of  medical  aftiftance,  of  w'hichhe  had  always  been 
very  diffident.  It  may  alfo  be  that  his  long  and  in- 
tenfe  application  had  hurt  the  organs  of  the  brain, 
which  in  fome  manner  are  fubfervient  to  the  ufe  of  rea- 
fon as  long  as  the  foul  is  united  to  the  body.  Be  that 
as  it  will,  during  the  laft  five  months  of  his  life  this 
great  man,  who  had  been  fo  far  fuperior  in  reafoning  to 
his  ordinary  fellow  creatures,  was  much  inferior  to  eve- 
ry one  of  them  who  is  endued  wdth  the  right  ufe  of  the 
underftanding.  He  had  indeed  fome  lucid  intervals, 
and  once  there  w-ere  hopes  of  a recovery  ; but  he  foon 
relapfed,  and  an  impofthume  breaking-  In  hisbreaft,  put 
an  end  to  his  mortal  exiftence.  . He  died  at  Milan 
on  the  13th  of  February  1787,  in  the  76th  year  of  his 
age. 

He  was  tall  In  ftature,  of  a robuft  conftitutlon,  of  a 
pale  complexion.  His  countenance  was  rather  long, 
and  was  expreffive  of  cheerfulnefs  and  good  humour. 

He  was  open,  fincere,  communicative,  and  benevolent. 

His  friends  fometimes  regretted  that  he  appeared  to  be 
too  irritable,  and  too  fenfible  of  what  might  feem  an 
affront  or  negled,  which  gave  himfelf  unneceffary  un- 
eafinefs.  He  was  always  unftained  in  his  morals,  obe- 
dient to  his  fuperiors,  and  exadl  in  the  performance  of 
all  Chriftian  duties,  as  became  a Catholic  prieft,  and  in 
the  obfervance  of  the  particular  rules  of  his  order.  His 
great  knowledge  of  the  works  of  nature  made  him  en- 
tertain the  higheft  admiration  of  the  power  and  wifdom 
of  their  Creator.  He  faw  the  neceftity  and  advantages 
of  a divine  revelation,  and  was  fincercly  attached  to  the 
Chriftian  religion,  having  a fovereign  contempt  of  the 
preemption  and  foolifh  pride  of  unbelievers  ; and  being 
lully  perfuaded  that  we  cannot  make  a more  noble  ufe 
of  our  underftanding  than  by  fubjedling  it  humbly  to 
the  authority  of  the  Supreme  Being,  who  knows  num- 
berlefs  truths  far  beyond  the  utmoft  limits  of  our  nar- 
row comprehenfion,  and  who  may  juftly  require  our 
belief  of  any  of  them  that  he  fees  fit  to  propofe  to  us. 

The  death  of  our  philofopher,  who  truly  deferved 
that  name,  was  heard  with  regret  by  the  learned 
through  Europe,  and  more  than  ordinary  refpetft  has 
been  paid  to  his  memory.  At  Ragufa  funeral  exequies 
were  performed  for  him  with  great  folemnity  by  order 
of  the  fenate,  who  affifted  at  them  in  a body  ; on  which 
occafion  an  eloquent  oration  in  praife  of  him  v/as  pro- 
nounced. By  a decree  of  the  fame  fenate,  *a  Latin  in- 
feription  to  his  honour,  engraved  on  marble,  was  placed 
in  the  principal  church  of  their  city.  Of  this  inferip- 
tion  the  following  is  a copy  ; 


Boscovichii 


/ 


BOS  [ 15 

bofcovich-  turning  the  navigation  to  Rome  from  Fiumicino  to  Mac- 
carefe ; a third  on  two  torrents  in  the  territory  of  Pe- 
rugia ; a fourth  on  the  bulwarks  on  the  river  Panaro  ; 
a fifth  on  the  river  Sidone,  in  the  territory  of  Placen- 
tia ; a fixth  on  the  Entrance  into  the  fea  of  the  Adige. 
He  wrote  other  fuch  works  on  the  bulwarks  of  the 
Po  ; on  the  harbours  of  Ancona,  of  Rimini,  of  Magna 
Vacca,  and  Savona,  befides  others,  almoft  all  which  were 
printed.  He  had  likewife  received  a commiffion  from 
Clement  XIII.  to  vifit  the  Pomptin  lakes,  on  the  drain- 
ing of  which  he  drew  up  his  opinion  in  writing,  to 
which  he  added  further  elucidations  at  the  defire  of 
Pius  VI.  On  thefe  occafions  he  fhowed  how  uftful 
philofophy  may  be  to  the  public  ; and  of  this  he  gave 
another  proof  w’hen  it  was  referred  entirely  to  his  judg- 
ment to  determine  whether  or  not  the  cupola  of  the  ca- 
thedral of  Milan  could  bear  the  weight  of  a very  high 
fpire,  which  it  was  propofed  to  raife  on  it,  and  which 
was  aftually  erected  according  to  his  diredions. 

His  application  to  obftrufe  ftudies  did  not  hinder 
him  from  paying  feme  attention  to  w'hat  is  more  plea* 
fant.  We  have  feen  that  he  was  a poet : he  was  alfo 
well  acquainted  with  hiftory,  and  particularly  with  that 
of  the  Greeks  and  Romans,  and  with  their  antiquities. 
He  wrote  a differtation  on  an  ancient  villa  difeovered  in 
his  time  upon  the  Tufculan  Hill,  and  on  an  ancient  dial 
found  there,  which  differtation  was  publlfhed  at  Rome 
in  a literary  journal.  He  wrote  likewife  three  letters 
on  the  obelifk  of  Casfar  AuguRus,  two  of  which  were 
printed  with  his  ow'n  name,  and  the  thhd  under  the 
name  of  another. 

Beiides  all  thefe  works  that  were  given  to  the  public 
In  his  lifetime,  many  tvritings  of  his  remained  in  manu- 
fcrlpt  in  the  hands  of  different  perfons,  and  particularly 
with  his  friend  M.  Gaetani,  and  many  more  with  Count 
Michael  de  Sorgo,  a Ragufan  fenator,  who  inherited 
all  his  papers  that  were  in  his  own  hands  at  his  death. 
Thefe,  it  is  hoped,  have  either  been  already  fent  to  the 
prefs  or  will  be  fo  ; as  nothing  came  from  the  pen  of 
Bofcovich  which  was  not  ufeful  and  deferving  to  fee 
the  light. 


It  now  remains  that  we  give  an  account  of  his 
Theory  of  Natural  Philosophy;  and  in  doing 
this  we  fhall,  in  the  JirJi  place,  lay  before  our  readers  a 
view  of  this  fyRem.  We  fhall,  in  the  fecond  place,  re- 
late, from  what  principles  and  by  W’hat  Reps  it  w’as  de- 
duced. We  fhall,  thirdly,  take  notice  of  the  principal 
objections  made  to  it,  and  fubjoin  the  author’s  anfwers 
to  the  fame.  We  fhall,  fliew  how  happily  it 

may  be  applied  to  explain  the  general  properties  of  mat- 
ter, as  w'eil  as  the  particular  qualities  of  all  the  claffes 
of  bodies,  w'hich  have  been  examined  according  to  what 
it  teaches. 

L ^ 1.  In  this  fyflem,  therefore,  the  whole  mafs  of  matter, 

iof^vich’  which  all  the  bodies  of  the  univerfe  are  compt'fed, 

Vftem  of  confiRs  of  an  exceeding  great,  yet  Rill  finite,  number  of 
jtural  fimple,  indivifible,  inexteiided,  atoms.  Thefe  atoms  are 
hilofophy.  endued  with  repujfwe  and  attraSlive  forces,  which  vary 
and  change  from  the  one  to  the  other,  according  to  the 
dIRance  between  them,  in  the  follov/ing  manner : In 
the  leaR  and  innermoR  diRances  they  repel  one  ano- 
ther ; and  this  repulRvc  force  increafes  beyond  all  li- 
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mits  as  the  dlRances  are  diminifhed,  and  is  confequent-  Eofcovich’s 
ly  fufficient  for  extinguifhing  the  greateR  velocity,  and 
for  preventing  the  contact  of  the  atoms.  In  the  fen- 
fible  diRances,  this  force  is  attractive,  and  decreafes,  at 
leaR  fenfibly,  as  the  fquares  of  the  diRances  increafe, 
conRituting  univerfal  gravity,  and  extending  beyond 
the  fphere  of  the  moR  diRant  comets.  Between  this 
innermoR  repulfive  force  and  the  outermoR  attractive 
one,  in  the  infenfible  diRances,  many  varieties  and 
changes  of  the  force,  or  determination  to  motion,  take 
place : for  the  repulfive  force  decreafes  as  the  diRance 
increafes.  At  a certain  diRance  it  comes  to  vanifb  en- 
tirely ; and,  w'hen  that  diRance  is  increafed,  attraction 
begins,  increafes,  becomes  lefs,  vanifties ; and  the  diRance 
becoming  greater,  the  force  becomes  repulfive,  increafes, 
lefl'ens,  and  vaniflies  as  before.  Many  varieties  and  chan- 
ges of  this  kind  happen  in  the  infenfible  diRances,  fome- 
tinies  more  rapidly,  fometimes  more  Rowdy,  and  fome- 
times  one  of  the  forces  may  come  to  nothing,  and  then 
return  back  to  the  fame  without  paffing  to  the  other.  For 
all  this  there  is  full  room  in  the  diRances  that  are  in- 
fenfible to  us,  feeing  the  leaR  part  of  fpace  is  divifible 
in  infinitum.  Befides  thefe  repulfive  and  attractive  for- 
ces, our  atoms  have  that  vii  inertia  which  is  admitted 
by  almoR  all  modern  philofophers.  Thefe  atoms,  en- 
dued with  thefe  forces,  conRitute  the  whole  fubRance 
of  Bofcovich’s  fyRem;  which,  however  fimple  and  ihort 
it  may  appear  to  be,  has  numberlefs  and  very  wonder-  ^ 
ful  confequences,  as  we  fliall  fee  afterwards.  But,  that  The  whole 
a more  clear  idea  of  the  w^hole  theory  may  be  eafily  theory  ex- 
foiroed,  we  fhall  make  ufeof  a geometrical  figure  w'ell  prefled  by  a 
accommodated  to  that  purpofe.  The  right  line  C'AC 
is  an  axis,  from  wdiich,  in  the  point  A,  is  drawn  the  piaj-g  yi. 
right  line  AB  at  right  angles.  AB  is  confidered  as  an  fig.  6. 
afiymptole ; on  each  fide  of  w'hich  the  two  curves,  quite 
fimilar  and  equal,  DEFGHIKLMNOPQRSTVU  on 
the  one  fide,  and  D'E'F'G'  on  the  other,  are  placed. 

Now,  if  ED  be  fuppofed  to  be  afiymptofical,  and  be  ex- 
tended, it  will  Rill  approach  to  BA,  but  will  never 
come  to  touch  it.  This  curve  ED  approaches  to  the 
axis  C'C,  comes  to  it  in  E,  cuts  it  and  departs  to  a 
certain  diRance  in  F,  after  which  it  again  approaches 
the  fame  axis  and  cuts  it  in  G.  In  like  manner  it 
forms  the  arches  GHI,  IKL,  LMN,  NOP,  PQL. 

At  laR  it  goes  on  in  T psY,  which  is  afymptoci- 
cal,  and  approaches  to  the  axis  ; fo  that  the  diRan- 
ces from  it  are  in  a duplicate  reciprocal  proportion 
of  the  diRances  from  the  right  line  BA.  If  from 
any  points  of  the  axis,  as  from  a,  b,  d,  we  raife  the 
perpendiculars  a g,  br,  d h,  the  fegments  of  the  axis 
A.  a,  A b,  A d,  are  called  abfitjfies,  and  reprefent  the  dlf-  ' 
tances  of  any  two  points  of  matter  from  one  another  ; 
and  the  perpendiculars  a g,  b r,  dh,  are  called  ordinates., 
and  exhibit  the  repulfive  or  atiradlive  force,  according 
as  it  lies  on  the  fame  fide  with  D,  or  on  the  other  fide 
of  the  axis. 

Now  it  is  evident  that,  In  this  form  of  the  curve  line, 
the  ordinate  a g will  be  increafed  beyond  wliatever  li- 
mits, if  the  abfeifs  A a belelTened  likewife  beyond  what- 
ever limits  ; that  if  this  abfeifs  be  increafed  to  Ab,  the 
ordinate  \v\W  be  lefiened,  and  will  pafs  into  b r,  which 
will  Rill  be  lelTened  as  it  approaches  from  b to  E,  where 
it  will  come  to  nothing  ; that  then,  the  axis  being  in- 
creafed  to  A d,  the  ordinate  will  change  its  diredlion  in- 
to b h,  and,  on  the  oppofite  fide,  will  increalc  at  fir  ft 
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to  F,  then  it  will  decreafe  through  i I as  far  as  G,  where 
it  will  again  vanifh,  and  again  change  its  diredtion  in 
m n to  the  former,  and  that,  in  the  fame  manner,  it 
will  vanifh  and  change  its  diredUons  in  all  the  fedtions 
I,  L,  N,  P,  R,  until  the  ordinates  op,  v s,  become  of  a 
conllant  diredtion,  and  decreafe,  at  lealt  fenfibly,  in  a 
reciprocal  duplicate  proportion  of  the  abfcilTes  A 0, 
A V.  Wherelore,  it  is  manifeft,  that  by  fuch  a curve 
are  exprefled  our  forces  ; at  firft  repulji-ve,  and  increafing 
beyond  all  limits,  the  diftances  being  leffened  in  like 
manner,  and  which  decreafe,  the  fame  diftances  being 
augmented  ; then  vanilh,  change  their  diredtion,  and  be- 
come attraBive  ; vanifh  again,  and  become  repulfive ; till 
at  laft,  at  fenfible  diftances,  they  remain  on  the  fide 
oppofite  to  D,  and  are  attraStive  in  a duplicate  recipro- 
cal proportion  of  the  diftances. 

We  may  alfo  obferve,  that  the  ordinates  may  increafe 
or  decreafe  rapidly,  as  in  y t,  z t,  or  flowly,  as  in  v x, 
% c ; and,  confeqnently,  that  the  forces  may  increafe  or 
decreafe  in  like  manner.  We  may  add,  that  the  curve 
may  return  back  without  interfedting,  or  even  touching, 
the  axis,  as  in /,  and  may  return  after  having  touched 
the  fame  axis. 

Although  this  curve  exprefTes  very  clearly  the  repul- 
five and  attradive  forces  of  our  fyftem,  yet,  at  firft 
fight,  it  may  appear  to  be  a complicated  irregular  line. 
But  the  author  fhews  that  his  curve  is  uniform  and  re- 
gular, and  may  be  expreffed  by  one  uniform  algebrai- 
cal equation ; which  it  will  be  neceffary  for  us  to  con- 
fider,  in  order  to  give  fatisfadiion  to  our  readers,  and  to 
do  juftice  to  the  theory. 

Wherefore,  from  what  we  have  feen,  the  curve  muft 
. have  the  following  fix  conditions  : ly?.  It  muft  be  regular 
andfimple,andnotcompofed  of  an  aggregate  of  arches  of 
different  curves,  zdly,  It  is  neceffary  that  it  cut  the  axis 
C' AC  in  certain  given  points  only,  at  two  equal  diftances 
on  each  fide  AE',  AE,  AG',  AG,  and  fo  on.  •^dly,  That 
to  every  ahfcifs  an  ordinate  correfpond.  /SfMy,  That  if  we 
take  equal  ahfcijfes  on  each  fide  of  A,  they  have  equal 
ordinates.  $thly.  That  the  right  line  AB  be  an  asymp- 
tote, the  area  BAED  being  afymptotical,  and  confe- 
quently  infinite,  tthly.  That  the  arches  terminated  by 
any  two  interfedfions  may  be  varied  at  pleafure,  and  re- 
cede to  any  diftance  from  the  axis  C'AC,  and  approach 
at  pleafure  to  whatever  arches  of  whatever  curves,  cut- 
ting them,  touching  them,  or  ofculating  them,  in  any 
place  and  manner. 

In  order  to  find  an  algebraical  formula  exprelTing 
the  nature  of  a curve  line  that  would  anfwer  all  thefe 
fix  conditions,  let  us  call  the  ordinate  y,  the  abfeifs  «r, 
and  let  it  be  made  x x=z.  Then  let  us  take  the  values 
of  all  the  abfeiffes  AE,  AG,  AI,  &c.  with  the  nega- 
tive fign,  and  let  the  fum  of  the  fquares  of  all  thefe  va- 
lues be  called  a,  the  fum  of  the  produdts  of  every  two 
fquares  l>,  the  fum  of  the  produdls  of  every  three,  c, 
and  fo  on ; and  let  the  produdf  of  all  of  them  be  cal- 
led f,  and  the  number  of  the  fame  values  m.  All  this 
being  fuppofed,  let  it  be  made  2; 2 2; 

-\-c  2 &c.  If  we  fuppofe  P equal  to  no- 

thing, it  is  clear  that  all  the  roots  of  that  equation  will 
be  real  and  pofitive ; that  is,  the  fquares  only  of  the 
quantities  AE,  AG,  AI,  &c.  which  will  be  the  values 
of  2;  and  therefore,  as  it  \s  xzz-^f  z,  becaufe  it  is 
X X = 2,  it  is  likewife  clear  that  the  values  of  x will  be 
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This  being  done,  let  any  quantity  be  multiplied  by  Natural 
2,  providing  it  hath  no  common  divifor  with  P,  left 
2 vaniftiing,  it  likewife  might  vanifh  ; and  having  made 
X an  infinitefim  of  the  firft  order,  it  may  become  an 
infinitefim  of  the  fame,  or  of  a lower  order,  as  will 
be  whatever  formula  2''  g z’’~^  8cc.  -J-  1; 

which,  being  fuppofed  equal  to  0,  may  have  as  many 
imaginary,  and  as  many  and  whatever  real  roots,  pro- 
viding none  of  them  be  thofe  of  AG,  AE,  AI,  &c. 
either  pofitive  or  negative.  If  then  the  whole  formula 
be  multiplied  by  2,  let  this  produdf  be  called 

If  we  make  P — f — 0,  this  equation  will  fatisfy 
the  five  firft  conditions  above  mentioned  ; and  the  va- 
lue of  QJjeing  properly  determined,  the  fixth  condition 
alfo  may  be  complied  with. 

For,  in  the  firft  place,  feeing  the  value  P and  Qjire 
made  equal  to  0,  they  have  no  common  root,  and  there- 
fore no  common  divifor.  Hence  this  equation  cannot 
be  reduced  to  two  by  divifion  ; and  therefore  it  is  not 
compofed  of  two  equations,  but  is  fimple,  and  therefore 
exhibits  one  fimple  continued  curve,  which  is  not  com- 
pofed of  any  others  ; which  is  the  firft  condition. 

Secondly,  The  curve  thus  expreffed  will  cut  the  axis 
C'AC  in  all  the  points  E',  G,  I,  &c.  G',  &c.  and  in 
them  only  : for  it  will  cut  that  axis  only  in  thofe  points 
in  which  y — 0,  and  in  all  of  them.  Moreover,  where 
it  will  be  j/  ~ 0,  it  will  alfo  be  ~ 0 ; and  therefore, 
becaufe  of  P — =r  0,  it  will  be  P = 0.  But  this 
will  happen  only  in  thofe  points  in  which  2 will  be  one 
of  the  roots  of  the  equation  P = 0;  that  is,  as  we  have 
feen  above,  in  the  points  E,  G,  I,  or  E',  G,  &c. : 
wherefore,  only  in  thofe  points  will  y vanifti,  and 
the  curve  cut  the  axis.  Again,  that  the  fame  curve 
will  cut  it  in  all  thefe  points,  is  clear  from  this,  that  in 
them  all  it  will  be  P 0.  Wherefore  it  will  likewife 
be  0^^  z=.o  ; but  it  will  not  be  Qj=  0,  feeing  there  is 
no  common  root  of  the  equations  P = 0 and  Q^=  0 : 
it  muft  therefore  he  y = 0,  and  the  curve  will  cut  the 
axis  : and  thus  the  fecond  condition  is  fatisfied. 

P 

Befides,  whereas  it  is  P — Qjc  rr  0,  it  will  be  y 

the  abfeifs  x being,  however,  determined,  we  will  have 
a certain  determinate  quantity  for  2 ; and  thus  P, 
will  be  determined,  and  the  only  two  of  the  kin^ 
Wherefore  y alfo  will  be  foie  and  determined ; and 
therefore  to  every  abfeifs  2,  one  only  ordinate  y will 
correfpond.  This  is  the  third  condition. 

Again,  whether  x be  affirmed  pofitive  or  negative, 
providing  it  be  of  the  fame  length,  ftill  the  value  2=x3< 
will  be  the  fame,  and  therefore  the  values  of  both  P 
and  Q^will  be  the  fame : wherefore  y will  ftill  be  the 
fame.  Taking,  therefore,  equal  abfeiffes  2 on  both 
fides  of  A,  the  one  pofitive,  the  other  negative,  they 
will  have  equal  correfponding  ordinates.  This  is  the 
fourth  condition. 

If  X be  leffened  beyond  all  limits,  whether  it  be  po- 
fitive or  negative,  2 likewife  will  be  leffened  beyond  all 
limits,  and  will  become  an  infinitefim  of  the  fccond  or- 
der : wherefore,  in  the  value  P,  all  the  terms  will  de- 
creafe  in  infinitum^  except  in  y,  becaufe  all  the  reft  be- 
fides it  are  multiplied  by  2 and  thus  the  value  P will 
be  as  yet  finite.  But  the  value  which  has  the  for- 
mula 
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Eofcovich’s  mula  multiplied  by  z,  will  be  lefTened  in  injinitum,  and 
Syftem  of  P 

Natural  will  be  an  infinltefim  of  the  fecond  order  : therefore  ^ 

Philofophy. 

= y Will  be  augmented  in  injimtum^  10  as  to  become  an 
infinite  of  the  fecond  order.  Wherefore  the  curve  will 
have  the  right  line  AB  for  an  afymptote,  and  the  area 
BAED  will  increafe  injnfinitum : and  if  the  ordinate 
y be  alfumed  pofitive  on  the  fide  AB,  and  exprefs  re- 
pulfive  forces,  the  afymptotic  arch  ED  will  lie  on  the 
fame  fide  AB.  This  is  the  fifth  condition. 

Now  the  value  Qjean  be  varied  in  infinite  manners ; 
fo  that  ftill  the  conditions  for  which  it  was  afiumed  may 
be  fulfilled  ; and  therefore  the  arches  of  the  curve  in- 
tercepted by  the  interfedlions  may  be  varied  in  infinite 
manners ; fo  that  the  firft  five  conditions  of  the  curve 
may  be  implemented ; whence  it  follows,  that  they 
may  be  fo  varied  that  the  fixth  condition  may  alfo  be 
anfwered. 

For  if  there  be  given,  however  many,  and  whatever 
arches  of  whatever  curve,  providing  they  be  fuch  that 
they  recede  alw^ays  from  the  afymptote  AB,  and  thus 
no  right  line  parallel  to  that  afymptote  cut  thefe  arches 
in  more  than  one  point,  and  in  them  let  there  be  tak- 
en as  many  points  as  you  pleafe,  and  as  near  one  ano- 
ther ; it  will  be  eafy  to  alTume  fuch  a value  of  P,  that 
the  curve  fliall  pafs  through  all  thefe  points,  and  the 
fame  may  be  varied  infinitely ; fo  that  ftill  the  curve 
will  pafs  through  all  the  fame  points. 

Let  the  number  of  points  alTumed  be  what  you  pleafe 
= r,  and,  from  every  one  of  fuch  points,  let  right  lines 
be  drawn  parallel  to  AB,  as  far  as  the  axis  C'AC,  which 
muft  be  the  ordinates  of  the  curve  that  is  fought ; and 
let  the  ablcifles  from  A to  the  faid  ordinates  be  called 
MS  M^,  &c.  and  the  ordinates  'NS  ^NS  ^NS 
Let  there  now  be  taken  a certain  quantity  Az  -f-Bz’'—* 
Gz,  and  let  this  quantity  be  fuppofed  equal 
to  R.  Then  let  another  fuch  quantity  T be  alfumed, 
fo  that  z vanifhing,  whatfoever  term  of  it  may  vanilh, 
and  fo  that  there  be  no  common  divifor  of  the  value  of 
P,  and  of  the  value  of  R-pT;  which  may  be  eafily 
done,  feeing  all  the  divifors  of  the  quantity  P are 
known.  Let  it  now  be  made  Q=R-j-T,  and  then  the 
equation  of  the  curve  will  be  P — R_y — Ty=o.  After 
this,  let  there  be  put  in  the  equation  Mi,  Mz,  M3, 
fucceffively  for  A*,  and  Ni,  Nz,  N3,  &c.  fory;  w'e  will 
have  a number  of  equations  equal  to  r,  which  will  con- 
tain the  values  of  A,  B,  C G,  each  of  them  of  one 

dimenfion,  in  number  likewife  equal  to  r;  and,  befides, 
we  will  have  the  given  values  of  Mi,  Mz,  &c.  Ni,  Nz, 
N3,  &c.  and  the  arbitrary  values  which  in  T are  the 
coefficients  of  z. 

By  thefe  equations,  which  are  in  number  r,  it  will 
be  eafy  to  determine  the  values  A,  B,  C, . . . . G,  which 
are  likewife  in  number  r,  alTuming  the  firft  equation, 
according  to  the  ufual  method,  the  value  A,  and  fub- 
ftituting  it  in  all  the  following  equations  ; by  which 
means  the  equations  will  become  r — i.  Thefe,  again, 
by  throwing  out  the  value  B,  will  be  reduced  to  r — z, 
and  fo  on  until  we  come  to  one  only  ; in  which  the  va- 
lue being  determined  by  means  of  it,  going  back, 
all  the  preceding  values  will  be  determined,  one  by  each 
equation. 

The  values  A,  B,  C,  . . . . G,  being  in  this  manner 
determined,  in  the  equation  P — Ry — T yz=o,  or  P — ^ 
it  is  clear  that,  the  values  Mi,  Mz,  M3,  $cc. 
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being  fucceffively  put  for  x,  the  values  of  the  ordinate  Bofcovich's 
y muft  fucceffively  be  Ni,  Nz,  N3,  See.  and,  there-  of 

fore,  that  the  curve  muft  pafs  through  thefe  given  points  h 

in  thofe  given  curves ; and  ftill  the  value  ^will  have 
all  the  preceding  conditions.  For  2;  being  lelfened  be- 
yond whatever  limits,  every  one  of  its  terms  will  be 
lelTened  beyond  whatever  limits,  feeing  all  the  terms  of 
the  value  of  T are  lelTened  which  w’ere  thus  alTumed, 
and  likewife  the  terms  of  the  value  R are  lelTened, 
which  are  all  multiplied  by  z ; and,  befides  this,  there 
will  be  no  common  divifor  of  the  quantities  P and 
feeing  there  is  none  of  the  quantity  P and  R-f-T. 

But  if  two  of  the  neareft  of  the  points  alTumed  in  the 
arches  of  the  curves,  on  the  fame  fide  of  the  axis,  be  fup- 
pofed to  accede  to  one  another  beyond  whatever  limits, 
and  at  laft  to  coincide,  which  will  be  done  by  making  two 
M equal,  and  likewifetwo  N equal ; then  the  curvefought 
will  touch  the  arch  of  the  given  curve ; and  if  three 
fuch  points  coincide,  they  will  ofculate  it : nay,  as  ma- 
ny points  as  we  pleafe  may  be  made  to  meet  together 
where  we  pleafe ; and  thus  we  may  have  ofculations  of 
what  order  we  pleafe,  and  as  near  one  another  as  vve 
pleafe,  the  arch  of  the  given  curve  approaching  as  we 
pleafe,  and  at  whatever  diftances  we  pleafe,  to  what- 
ever arches  of  whatever  curves,  and  yet  ftill  preferving 
all  the  fix  conditions  required  for  expreffing  the  law  of 
the  repulfive  and  attraftive  forces.  And  whereas  the 
value  of  T can  be  varied  in  infinite  manners,  the  fame 
may  be  done  in  an  infinite  number  of  ways  ; and  there- 
fore a fimple  curve,  anfwering  the  given  conditions,  may 
be  found  out  in  an  infinite  number  of  ways.  ^ E.  F. 

What  we  have  faid  will,  we  hope,  fatisfy  our  readers, 
and  efpecially  thofe  of  them  who  are  in  the  leaft  ac- 
quainted with  high  geometry,  that  Bofcovich’s  curve  is 
fimple,  regular,  and  uniform ; and  that  therefore  the 
law  of  repulfive  and  attractive  forces,  expreffed  by  it,  is 
fimple  and  regular. 

II.  If  this  fyftem  were  a mere  hypothefis,  it  would 
ftill  be  very  ingenious,  and,  from  what  we  ftiall  fay  af- 
terwards, would  ftill  be  well  adapted  for  explaining  the 
phenomena  of  nature.  But  its  author  is  far  from  look- 
ing upon  it  as  an  arbitrary  fuppofition ; he  alTures  us 
that  he  was  led  to  it  by  a chain  of  ftridt  reafoning,  from 
evident  principles.  We  fliall  now  give  an  abridgement 
of  that  reafoning  from  his  Diflertations  on  the  Law  of 
Continuity^  and  from  his  Theory  of  Natural  Philofophy.  ^ 

He  tells  us,  then,  that  in  the  examination  of  Leib-  Proofs  of 
nitz’s  opinion  of  the  vires  viva,  he  came  to  confider  the  theory, 
the  collifion  of  bodies,  and  took  for  example  two  equal 
bodies,  A proceeding  with  fix  degrees  of  velocity,  and 
B following  with  the  velocity  of  iz  : after  the  colli- 
fion,  they  proceed  jointly  with  the  common  velocity 
9.  Now,  in  the  moment  of  collifion,  it  either  happens 
that  A pafles  abruptly  from  the  velocity  6 to  the  velo- 
city 9,  without  pafling  through  the  velocity  7 and  8, 
and  B pafles  from  i z of  velocity  to  9,  without  paffing 
through  1 1 and  10  ; or  elfe  there  muft  be  fome  caufe 
which  accelerates  the  one  and  retards  the  other  be- 
fore they  come  to  contaeft.  In  the  firft  cafe,  the  law 
of  continuity  is  broken  ; in  the  fecond,  immediate  con- 
taeff  of  bodies  would  be  rejeefted.  Maclaurin  fiw  this 
difficulty,  and  mentioned  it  in  his  work  on  NevitoFs 
Difeoveries,  1.  i.  c.  4.  He,  not  having  courage  to  re- 
cede from  the  common  opinion,  allowed  a breach,  in 
fuch  cafes,  of  the  law  of  continuity;  but  Bofcovich 

T maintains 
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Bofcovich’s  maintains  the  univerfality  of  the  law  of  continuity  ; and 
Syftem  of  holds,  that  no  bodies  touch  one  another  really  and  ma- 
Philofooh ' t-J^s™atically,  but  only  phyfically  and  fenfibly  to  us. 

The  lawj  of  continuity  is  that  hy  which  variable  quan- 
5 titles t pajfn^  from  one  ?nagnitude  to  another,  pafs  through 

The  law  of  the  intermediate  magnitudes,  without  ever  abruptly  paf- 
continuity  ^ them.  This  law  Bofcovich  proves  to 

proved.  univerfal,  in  the  firft  place,  from  indudtion.  Thus 

v.’e  fee  that  the  diftances  of  two  bodies  can  never  be 
changed  without  their  paffing  through  all  the  inter- 
mediate diftances.  We  fee  the  planets  move  with  dif- 
ferent velocities  and  diredtions  ; but  in  this  they  ftill 
obferve  the  law  of  continuity.  In  heavy  bodies  projec- 
ted, the  velocity  decreafes  and  increafes  through  all  the 
intermediate  velocities ; the  fame  happens  with  regard 
to  elafticity  and  rnagnetifm.  No  body  becomes  more 
or  lefs  denfe  without  paflTing  through  the  intermediate 
denfities.  The  light  of  the  day  increafes  in  the  morn- 
ing and  decreafes  at  night  through  all  the  intermediate 
poftible  degrees.  In  a word,  if  we  go  through  all  na- 
ture, we  fhall  fee  the  law  of  continuity  ftridlly  take 
place,  if  all  things  be  rightly  confidered.  It  is  true, 
we  fometimes  make  abrupt  paffages  in  our  minds ; as 
when  we  compare  the  length  of  one  day  with  that  of 
another  immediately  following,  and  fay  that  the  fecond 
is  two  or  three  minutes  longer  or  fhorter  than  the  for- 
mer, pafting  all  at  once,  in  our  way  of  fpeaking,  round 
the  globe;  but  if  we  take  all  the  longitudes,  we  fliall 
find  days  of  all  the  intermediate  lengths.  We  likewife 
fometimes  confound  a quick  motion  with  an  inftantane- 
ous  one ; thus,  we  are  apt  to  imagine  that  the  ball  is 
thrown  abruptly  out  of  the  gun  ; but,  in  truth,  feme 
fpace  of  time  is  required  for  the  gradual  inflammation 
of  the  powder,  for  the  rarefaction  of  the  air,  and  for 
the  communication  of  motion  to  the  ball.  In  like  man- 
ner, all  the  obje<5tions  made  againft  the  law  of  continui- 
g ty  may  be  folved  to  fatisfaCtion. 

AWchof  But  however  ftrong  this  argument  from  judgment 
this  law  im- may  appear  to  be,  yet  Bofcovich  goes  farther,  and 
pofTiblc.  maintains,  that  a breach  of  this  law,  in  the  proper  cafes, 
is  metaphyfically  impolTible.  This  argument  he  draws 
from  the  very  nature  of  continuity.  It  is  eflential  to  con- 
tinuity that,  where  one  part  of  the  thing  continued 
and  another  part  begins,  the  limit  be  common  to  both. 
Thus,  when  a geometrical  line  is  divided  into  two,  an 
indivifible  point  is  the  common  limit  of  both  : thus 
time  is  continued  ; and  therefore  vehere  one  hour  ends, 
another  immediately  begins,  and  the  common  limit  is 
an  indivifible  inftant.  Now,  as  all  variations  in  variable 
quantities  are  made  in  time,  they  all  partake  of  its  con- 
tinuity; and  hence  none  of  them  c.an  haften  by  an 
abrupt  paflage  from  one  magnitude  to  another,  without 
paffing  through  the  intermediate  magnitudes.  As  we 
cannot  pafs  from  the  fixth  hour  to  the  ninth  without 
pafting  through  the  feventh,  and  eighth;  becaufe,  if 
v/e  did,  there  would  be  a common  limit  between  the 
fixth  hour  and  the  ninth,  which  is  impoffible  ; fo  like- 
wife you  cannot  go  from  the  diftance  6 to  the  diftance 
9 without  pafting  through  the  diftances  7 and  8 ; be- 
caufe, if  you  did,  in  the  inftant  of  palfage  you  would  be 
both  at  the  diftance  6 and  at  the  diftance  9,  which  is 
impofftble.  In  like  manner,  a body  that  is  condenfed 
or  rarefied  cannot  pafs  from  the  denfity  6 to  the  den- 
fity  9,  or  vice  verfa,  without  paffing  through  the  den- 
fities 7 and  8 ; becaufe,  in  the  abrupt  paffage,  there 


would  be  two  denfities,  6 and  9,  In  the  fame  inftant.  Bofcovich’s 
The  body  muft  pafs  through  all  the  intermediate  den-  Sjfteni  of 
fities.  This  it  may  do  quickly  or  ftowly,  but  ftill  it 
muft  evidently  pafs  through  them  all.  The  like  may 
be  faid  of  all  variable  quantities ; and  thence  we  may 
conclude,  that  the  law  of  continuity  Is  univerfal.  7 

But,  in  creation,  is  there  not  an  inftance  of  an  abrupt  ObjeSions 
paflage  from  non-exifence  to  exiftence  ? No,  there  is  not; 
becaufe  before  exiftence  a being  is  nothing,  and  there-  “ 
fore  incapable  of  any  ftate.  In  creation,  a being  does 
not  pafs  from  one  ftate  to  another  abruptly  ; it  pafles 
over  no  intermediate  ftate  : it  begins  to  exift  and  to 
have  a ftate,  and  exiftence  is  not  divifible.  Do  we  nor, 
at  leaft,  allow  of  an  abrupt  paflage  from  repulfive  to 
attraiftive  forces  in  our  very  theory  itfelf?  We  do  not. 

Our  repulfive  forces  diminifh,  through  all  the  interme- 
diate magnitudes,  down  to  nothing ; through  which, 
as  a limit,  they  pafs  to  attradllon.  In  the  building  of 
a houfe  or  fhip,  neither  of  them  is  augmented  abruptly  ; 
becaufe  the  additions  made  to  them  are  effeded  folely 
by  a change  of  diftances  between  the  parts  of  which 
they  are  compofed  ; and  all  the  intermediate  diftances 
are  gone  through.  The  like  may  be  faid  of  many 
other  fuch  cafes  ; and  ftill  the  law  of  continuity  re- 
mains firm  and  conftant.  g 

Let  us  now  apply  this  dodrine  to  the  cafe  above  Impoflibi- 
mentioned  of  the  collilion  of  two  bodies.  We  fay  that  lity  of  con- 
the  body  B cannot  pafs  from  the  velocity  6 to  tlie  ve- 
locity  9 without  paffing  through  the  velocities  7 and  8 ; 
becaufe  if  it  did,  in  the  moment  of  contad  of  the  two 
fuperficies  it  would  have  the  velocities  6 and  9.  Now 
a body  cannot  have  two  velocities  at  the  fame  inftant. 

For  if  it  had  two  aBual  velocities  at  the  fame  time,  it 
would  be  in  two  different  places  at  the  fame  time : if 
it  had  two  different  potential  velocities  or  determinations 
to  a certain  velocity,  it  would  be  capable  of  being,  after 
a given  lime,  in  two  places  at  once — both  which  are 
impoffible.  It  is  therefore  neceffary  that  it  go  through 
the  velocities  7 and  8,  and  through  all  the  parts  of 
them.  What  we  have  faid  of  the  bodies  A and  B may 
be  faid  univerfally  of  all  bodies.  Therefore  no  two  bo- 
dies in  motion  can  come  to  immediate  contad;  but 
their  velocities  muft  undergo  the  fucceffive  neceffary 
change  before  contad.  And  as  the  velocity  to  be  ex- 
tinguifned  may  be  increafed  beyond  all  limits,  an  ade- 
quate caufe  to  effed  this  extindion  muft  be  admitted.  ^ 
This  naturally  leads  us  to  the  interior  repulfive  for-  Repulfive 
ces  of  our  fyftem.  For  the  caufe  retarding  the  one  body  forces 
and  accelerating  the  other  muft  be  a force,  becaufe  by 
this  we  mean  a determination  to  motion  ; and  it  muft 
be  repulfive,  becaufe  it  ads  from  the  body;  and  it  muft 
increafe  beyond  all  limits,  leeing  the  velocity  of  the  in- 
curring bodies  may  be  increafed  beyond  all  limits.  It 
muft  likewife  be  mutual,  becaufe  adion  and  readlon  are 
always  equal,  as  may  be  proved  by  indudion. 

From  thefe  repulfive  forces  Bofcovich  deduces  the  in  extend- 
Inextenfion  of  his  atoms  : for  this  repulfion  being  com-  ed  atoms, 
mon  to  all  matter,  muft  caufe  a perfed  fimplicity  in  the 
firft  elements  of  body.  If  thefe  elements  were  extend- 
ed, and  confequently  compounded  of  particles  of  an  in- 
ferior order,  thefe  particles  might  poffibly  be  feparated, 
and  then  they  might  meet,  and  an  abrupt  paflage  from 
one  velocity  to  another  might  take  place,  which  w^e 
have  excluded  from  nature  by  indudion,  and  by  a pofi- 
tive  argument. 
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Befides  this,  by  rejedting  the  extenfion  of  the  firft 
elements  of  matter,  we  get  rid  at  once  of  all  the  diffi- 
culties arifing  from  continued  extenfion  in  body,  which 
have  always  perplexed  the  philofophers,  and  have  never 
been  faiisfadtorily  explained.  If  thefe  elements  of  matter 
are  extended,  each  of  them  may  be  divided  in  infinitum, 
and  each  part  may  ftill  be  divided  in  infinitu7n.  Can 
this  divifion  be  actually  made  by  the  power  of  God  or 
not  ? Can  there  be  one  infinite  in  number  greater  than 
another  ? Can  there  be  a compound  without  a Jimple  of 
the  fame  kind  ? Thefe  difficulties  regard  not  ipace, 
which  is  no  real  being ; but  they  would  regard  matter 
if  it  had  continued  extenfion.  All  thefe  perplexities 
are  removed  by  maintaining,  as  Bofcovich  does,  that 
the  firft  elements  of  bodies  are  perfedtly  fimple,  and 
therefore  inextended  (a). 

With  regard  to  the  exterior  attraftive  forces  of  our 
fyftem,  there  can  be  no  queftion  ; feeing  they  conftitute 
univerfal  gravity,  the  effects  of  which  we  fee  and  feel 
every  day.  But  between  the  interior  repulfive  and  ex- 
terior attradtive  forces  we  muff  admit  many  tranfitions 
from  repulfion  to  attradtion,  and  from  attradtion  back 
to  repuHion,  in  infenfible  diftances,  v/hich  are  indicated 
to  us  by  cohefion,  fermentation,  evaporation,  and  other 
phenomena  of  nature.  And  thus  we  have  given,  in 
fhort,  Bofcovich’s  proofs  of  his  whole  fyftem. 

III.  This  fyftem  has  been  well  received  by  the  learn- 
ed in  Europe,  and  has  contributed  much  to  render  its  au- 
thor famous ; yet  many  objedtions  againft  it  have  been 
propofed.  Some  are  ftartled  at  the  lejedtion  of  all  imme- 
diate contadl  between  bodies  ; and  indeed  Bofcovich  is 
perhaps  the  firft  of  mankind  who  advanced  that  opi- 
nion ; but  he  allows  that  bodies  approach  fo  near  to 
one  another,  as  to  leave  no  fenfible  diftance  between 
them  : and  his  repulfive  forces  make  the  fame  impreffion 
on  the  nerves  of  our  fenfes  as  the  folid  bodies  could  do. 
And  therefore  this  opinion  of  his,  however  new,  is  no- 
wife contrary  to  the  teftimony  of  our  fenfes.  He  only 
removes  a prejudice  which  was  before  univerfal. 

Some  fay,  that  they  cannot  even  form  an  idea  of  an 
inextended  atom,  and  that  Bofcovich  reduces  all  mat- 
ter to  nothing  : but  certainly  extenfion  is  not  necefiary 
for  the  eflence  of  a as  muft  be  allowed  by  all 

thofe  who  hold  that  fpirits  are  inextended.  Becaufe 
all  the  bodies  that  fall  under  our  fenfes  are  extended, 
we  are  apt  to  look  upon  extenfion  as  eflential  to  matter  : 
but  this  error  may  be  corrected  by  refledlion,  and  an 
idea  of  an  inextended  atom  may  be  formed,  by  confider- 
ing  the  nature  of  a mathematical  point,  which  is  the 
limit  of  any  two  contiguous  parts  of  a line. 

Others  again  have  faid,  that  if  the  elements  of  mat- 
ter were  void  of  extenfion,  there  would  be  no  diffe- 
rence between  body  and  fpirit.  But  the  difference  be- 
tween body  and  fpirit  does  not  confift  in  the  having  or 
not  having  extenfion ; but  in  this,  that  the  atoms  of 


matter  are  endued  with  repulfive  and  attra^llve  forces,  Bofcovich 
which  fpirit  has  not;  and  fpirit  has  a capacity  of  Syftem  of 
thought  and  volition  which  bodies  have  not. 

We  may  here  obferve,  that  among  the  ancients  Zeno, 
and  amiong  the  moderns  Leibnitz,  held,  that  the  firft 
principles  of  matter  are  Inextended  points.  But  both 
held  this  opinion  with  the  inconfiftency,  that  they 
maintained  the  continued  extenfion  of  bodies,  without 
ever  being  able  to  fhew  how  continued  extenfion  could 
arife  from  inextended  elements. 

It  has  been  objeded  likewife,  that  our  repulfive  and 
attractive  forces  are  no  better  than  the  occult  qualities 
of  the  Peripatetics.  The  like  objedion  has  been  made 
to  Newton’s  attradion  : but  the  anfwer  is  eafy.  We 
obferve  the  effeds,  and  take  notice  of  them  ; for  them 
we  muft  admit' an  adequate  caufe,  without  being  able 
to  determine,  whether  that  caufe  is  an  immediate  law 
of  the  Creator,  or  fome  mediate  Inftrument  that  he 
makes  ufe  of  for  that  purpofe. 

Some  are  unwilling  to  give  up  the  idea  of  motion 
occafioncd  by  immediate  impulfe  : but  can  they  fhow  a 
good  reafon  why  fome  difiance  may  not  occafion  motion 
as  well  as  no  difiance  F I’hefe  are  the  principal  objec- 
tions that  have  been  made  againft  the  Bofcovichian 
fyftem. 

IV.  Before  we  proceed  to  the  explication  of  pheno-  obferva- 
mena  by  means  of  our  theory,  we  muft  advert,  that  in  tions  with 
the  curve  expreffing  this  theory,  the  abfciffes  denote  regard  to 
the  diftances  between  the  atoms  that  are  under  confi-  curve, 
deration  ; the  ordinates  give  the  prefent  force,  and  the 
area  between  any  two  of  thefe  ordinates  gives  the  fquare 
of  the  velocity  generated  between  them  : the  arches  are 
either  repulfive  or  attradive,  according  as  they  fall  up- 
on the  fame  fide  with  the  afymptotic  curve  EG,  or  on 
the  oppufite  fide. 

We  muft,  in  the  next  place,  confider  the  paffages 
from  one  fide  of  the  axis  to  the  other.  Sometimes  the 
paffage  is  from  repulfion  to  attradion,  at  other  times 
from  attradion  to  repulfion.  The  firft  are  called  limits  Limits  of 
of  cohefion,  becaufe  a particle  removed  from  that  limit  cohefion, 
returns  back  to  it ; becaufe  if  it  is  removed  to  a greater 
diftance  it  is  attraded  back,  and  if  it  is  removed  nearer 
it  is  repelled  back.  The  fecond  are  called  limits  of  non- 
cohefion;  becaufe  a particle  removed  thence  to  a great- 
er diftance  is  repelled  ftill  further,  and  if  removed  near- 
er It  is  attraded  ftill  nearer.  Of  the  firft  kind  are 
E,  I,  N ; of  the  fecond  are  G,  L.  Likewife,  when  the 
curve  touches  the  axis,  it  may  either  be  an  attradive 
part  of  the  curve,  or  a repulfive  part.  Thefe  limits 
may  be  nearer  one  another,  or  farther  away  ; and  the 
limits  of  cohefion  may  be  ftronger  or  weaker,  accord- 
ing as  the  forces  near  them  are  greater  orlefs. 

Bofcovich  confiders  minutely  the  effeds  of  thefe  va- 
rieties of  limits  and  forces  ; firft  with  regard  to  two 
points,  then  with  regard  to  three  and  four,  demonftrat- 
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(a)  If  a particle  of  matter  is  not  extended,  in  what  refped  does  It  differ  from  a point  of  fpace  ? Says  Bofco- 
vich, it  is  endowed  with  attradive  and  repulfive  forces.  What  is  this  it  before  it  is  thus  endowed  ? Does  it  then 
differ  from  a point  of  fpace  ? We  can  form  no  notion  of  any  fuch  difference.  But  a point  of  fpace,  confidered 
as  an  individual,  is  diftinguifhed  from  another  individual  only  by  its  fituatlon  ; It  is  therefore  immoveable,  but 
matter  is  moveable.  Have  thefe  forces,  then,  which  make  matter  an  objed  of  fenfe,  any  fubftratum,  any  thing 
in  which  they  arc  inherent  as  qualities  ? What  are  the  things  which  thefe  qualities  diftinguifti  from  each  other 
as  individuals  ? 
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i feofcovich’s  five  arches  within  them  ; others  are  fofter,  whofe  partl- 
Syftem  of  cles  have  thofe  arches  of  repulfion  weaker.  Some  are 
Natural  flexible,  the  particles  of  which  are  placed  in  limits  that 
j fPhilofop^.  weak  arches  of  repulfion  and  attradlion  on  each 
fide  ; and  if  thofe  arches  are  ftiort,  the  particles  may 
come  to  new  limits  of  cohefion,  and  remain  bent : but 
if  the  arches  are  longer,  the  former  repulfion  and  at- 
traction will  continue  to  aCt,  and  bring  back  the  body 
to  its  former  pofition  ; nay,  in  doing  this  wdth  an  acce- 
lerated velocity,  the  parts  will  pafs  their  former  limits, 
and  vibrate  backwards  and  forwards,  as  may  be  feen 
in  a bended  fpring.  Thus  elafticity  is  accounted  for. 

Vifcous  bodies  ftand  in  the  middle  between  folid  and 
fluid.  Their  particles  havelefs  cohefion  than  the  firft, 
and  more  than  the  fecond  : they  ftick  to  other  bodies 
by  an  attraction  which  their  particles  have  from  their 
compofition.  In  like  manner  water  itfelf  fticks  to  fome 
bodies,  and  is  repelled  by  others.  All  which  arifes 
from  the  different  compofition  of  the  particles,  w'hich 
gives  a variety  of  refpcCtive  forces. 

What  appears  very  wonderful  in  nature,  is  the  com- 
pofition of  organic  bodies.  But  if  we  confider  that 
particles  may  be  fo  formed,  that  they  may  repel  fome 
and  attract  others,  the  whole  of  vegetation,  nutrition, 
and  lecretion,  may  be  underftood,  and  follows  from  our 
fyflem.  And  as  one  particle  may  attract  another  in 
one  part  only,  and  repel  it  in  every  other  fituation, 
hence  may  be  gathered  the  orderly  fituation  of  the  par- 
ticles in  many  cryftallizations.  The  great  variety  of 
repulfive  and  attractive  forces,  or  limits  of  cohefion,  of 
the  pofition  of  atoms,  and  of  combinations  of  particles, 
will  account  for  all  thefe  phenomena. 

The  chemical  operations,  wffich  are  fo  curious  in 
themfelves,  and  fo  ufeful  to  fociety,  are  well  explained 
by  Bofcovich’s  fyftem,  and  ferve  as  a confirmation  of 
its  truth.  Of  this  we  (hall  give  fome  inftances.  When 
fome  folid s are  thrown  into  fome  liquids,  there  hap- 
pens to  be  a greater  attraction  between  the  particles  of 
the  folid  and  of  the  liquid  than  there  is  between  the 
particles  of  the  folid  itfelf.  Hence  the  particles  of  the 
folid  are  detached  and  furrounded  by  the  fluid ; this 
mixture  retaining  the  form  of  globules,  and  therefore 
continuing  to  be  fluid.  This  is  called  folution.  But 
when  the  folid  particles  are  covered  to  a certain  depth, 
the  attractive  forces  ceafe  on  account  of  the  different 
diftances,  and  no  more  of  the  folid  Is  detached.  Then 
the  fluid  is  faid  to  be  faturated.  If  into  this  mixture 
another  folid  be  put,  the  particles  of  which  attraCt  the 
fluid  more  ftrongly,  and  perhaps  at  greater  diftances 
than  the  particles  of  the  former ; then  the  fluid  will 
abandon  the  former  and  cleave  to  the  latter,  diffolving 
them,  and  the  particles  of  the  former  will  fall  to  the 
bottom  in  the  form  of  powder,  into  which  they  had 
been  reduced  by  the  folution.  This  feparation  is  called 
precipitation.  Perhaps  rain  arifes  from  a precipitation 
of  this  kind,  when  the  aqueous  particles  are  left  by  the 
air,  which  is  more  ftrongly  attracted  by  fome  other 
particles  floating  In  the  atmofphere. 

Fluids  of  the  fame  fpecific  gravity  are  eafily  mixed  ; 
and  even  though  the  fpecific  gravity  be  different,  the 
particles  of  the  one  attraCt  thofe  of  the  other,  in  fuch  a 
manner  that  they  feem  to  form  one  fluid  by  a kind  of 
folution.  Nay,  It  happens,  that  two  fluids  mixed  toge- 
ther form  a folid,  becaufe  their  particles  come  to  be  in 
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the  limits  of  cohefion.  They  may  even  occupy  lefs  Bofcovich’s 
fpace  than  they  did  before,  by  being  attracted  into  lefs  Syftem  of 
diftances  between  their  parts. 

Fermentation  is  a neceffary  confequence  of  cur  fyf- 
tem. For  when  bodies,  whofe  particles,  by  the  variety 
of  their  compofition,  are  endued  with  different  forces, 
come  to  be  mixed,  there  muft  arlfe  an  agitation  of  the 
parts,  and  an  ofcillation  among  them  ; fometimes  great- 
er, fometimes  lefs,  according  to  the  nature  of  the  par- 
ticles. This  agitation  is  flopped  by  the  expulfion  of 
fome  particles,  by  the  intrufion  of  others  into  vacant 
fpaces  and  by  the  imprefiion  of  external  bodies ; but 
always  there  is  a change  in  what  remains,  becaufe  there 
is  a new  difpofition  of  particles. 

Fire  confifts  in  a violent  fermentation  of  fulphure- f f^. 
ous  matter,  efpecially  when  it  meets  with  the  matter  fiou,  &c. 
of  light  in  any  quantity.  This  fermentation  agitates 
ftrongly  the  parts  of  other  bodies,  feparates  them  from 
one  another,  and  often  throws  them  into  a ftate  of  fu- 
fion ; the  cohefion  between  their  parts  being  broken, 
and  they  being  thrown  into  a circular  motion.  In  this 
ftate  they  may  be  often  mixed  together,  fo  as  to  form 
one  body  ; they  may  be  again  feparated  by  the  aCHon 
of  the  fame  fire,  which  evaporates  fome  of  them  fooner, 
fome  later.  Hence  the  art  of  fmelting  metals. 

When,  in  the  agitation  occafioned  by  fire,  fome  of 
the  particles  are  thrown  out  into  an  arch  of  repulfion, 
they  may  fly  off  and  evaporate.  Sometimes  the  whole 
body  may  be  throwm  into  a ftrong  repulfion  and  volati- 
lization, or  a hidden  explofion  take  place  ; when,  be- 
fore the  particles  are  near  an  equilibrium,  a fmall  force 
may  occafion  a great  change  ; as  the  foot  of  a bird  may 
cccafion  the  fall  of  a great  rock,  which  was  before  al- 
moft  detached  from  a mountain.  In  evaporation,  the 
bodies  that  remain  affume  a particular  figure,  as  all 
falts  do  ; and  this  upon  account  of  their  particles  hav- 
ing certain  parts  only  that  attraff  one  another,  and 
confequently  cccafion  a particular  difpofition.  All 
thefe  chemical  operations  evidently  prove  that  there  are 
in  nature  repulfive  and  attradlive  forces  between  the 
particles  of  bodies  at  fmall  diftances;  which  greatly 
confirms  our  whole  fyftem. 

Bofcovich  holds,  that  light  is  an  ejluvium,  emitted 
with  great  velocity  from  the  luminous  bodies  by  a 
ftrong  repulfion.  He  explains  all  the  moft  remarkable 
properties  of  this  extraordinary  matter  according  to  his 
own  principles,  and  that  wfith  great  acutenefs.  On  this 
fubjeff  it  is  obfervable,  that  Newton  faw  the  necefflty 
of  admitting  repulfive  forces  for  the  reflexion  of  light, 
which  extend  at  fome  diftance  from  the  refledling' fur- 
face,  and  therefore  refemble  the  repulfive  forces  of  our 
theory. 

Our  author  gives  llkewlfe  a probable  explication  ofp,  . 
eledricity,  according  to  Franklin’s  ingenious  hypothe- 
fis,  and  likewife  of  magnetifm,  deducing  the  whole  of  netifm!^' 
the  appearances  from  various  attradlons  and  repulfions. 

He  fuppofes  that  fire  and  the  eledrical  fluid  differ  only 
in  this,  that  fire  is  in  actual  fermentation,  and  not  fo 
the  eledrical  fluid. 

' Finally,  he  explains  our  bodily  fenfations,  in  wdiich  SenfutLa 
he  agrees  pretty  much  with  other  phllofophers  ; except- 
ing in  this,  that  what  they  attribute  to  the  immediate 
contad  of  bodies,  or  of  certain  particles  emitted  from 
them,  he  aferibes  to  attradions  and  repulfions ; which 

indeed 
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indeed  are  particularly  fit  for  caufing  that  motion  in 
our  nerves,  which  is  fuppofed  to  take  place  in  the  or- 
gans of  fenfation,  and  to  be  thence  communicated  to 
the  brain. 

It  is  to  be  obferved,  that  although  Bofcovich  main- 
tains, that  the  very  firft  elements  of  matter  are  void  of 
extenfion  ; yet  he  allows,  that  of  thefe  elements,  com- 
bined in  a certain  manner,  may  be  formed  extended 
particles  of  various  figures,  the  parts  of  which  may  be 
fo  coherent  as  to  be  infeparable  by  any  power  in  na- 
ture. By  thefe  means  the  opinion  of  thofe  philofophers 
who  are  fo  fond  of  extended  particles,  may  be  in  fo  far 
gratified.  Nay,  the  Peripatetics  may,  if  they  pleafe, 
adopt  Bofcovich’s  inextendcd  atoms  for  their  Materia 
Frlma  without  any  inconfiftency  ; and  his  repulfive  and 
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of  his  fyftem,  that  he  was  w'ont  to  make  ufe  of  the  fol- 
lowing comparifon  : When  a letter  has  been  written  in 
occult  charadlers,  and  we  are  endeavouring  to  dfecvpher 
it,  we  make  various  fuppofitions  of  alphabets  ; and 
when  we  have  found  one  according  to  which  the  whole 
letter  comes  to  have  a reafonable  meaning,  agreeable  lo 
all  the  circumftances  of  time,  place,  perfons,  and  things, 
we  can  entertain  no  doubt  of  our  having  difcovered  the 
true  key  of  the  cypher — fo,  faid  he,  my  fyftem  explains 
fo  well  all  the  phenomena  to  which  it  has  been  proper- 
ly applied,  that  I muft  flatter  myfelf  that  I have  difco- 
vered the  true  key  of  nature. 

The  being  accuftomed  to  contemplate  fo  deeply  the 
univerfd  and  the  materials  of  which  it  is  compofed, 
made  Bofcovich  fee  moft  clearly  the  evident  neceflity  of 
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attraclive  forces  may  ferve  for  their  juhjlanlial  forms,  admitting  an  all  powerful,  intelligent,  felf-exiftent  Be- 


And  as  God  can  make  impreflions  on  our  fenfes  inde- 
pendently of  the  atoms,  their  abfolute  accidents  may 
in  feme  fenfe  be  admitted.  Nor  would  fome  fneh  ex- 
traordinary exertions  of  Divine  Power  favour  idealifm 
in  the  ordinary  courfe  of  nature. 

But  what  is  of  m.ore  confequence,  it  is  more  than 


mg,  for  the  creation  of  thofe  materials,  and  for  the  ar- 
rangement of  them  into  their  prefent  beautiful  form. 
He  was  at  a lofs  to  find  words  ftrong  enough  to  exprefs 
his  furprife,  that  there  ihould  be  any  man,  not  to  fay 
any  one  pretending  to  the  name  of  philofopher,  who 
could  be  fo  deaf  as  not  to  hear  the  voice  of  nature  loud- 


probable,  that  had  Newton  lived  to  be  acquainted  with  ly  proclaiming  its  Author  from  all,  even  the  leaft  of  its 
the  Bofcovichian  theory,  he  would  have  paid  to  ita  ve-  parts.  He  gives  us  his  fentiments  on  this,  the  moft 
ry  great  regard.-  This  we  may  conjedlure  from  what  important  of  all  fubjefts,  in  the  appendix  to  his  ‘Theorla, 
he  fays  in  his  laft  queftion  of  optics  ; where,  after  hav-  in  which  he  treats  of  God  and  of  the  foul  of  man. 
ing  mentioned  thofe  things  which  might  be  explained  There,  in  the  firft  place,  he  fhows  the  abfurdity  of 
by  an  attraftive  force,  fucceeded  by  a repulfive  one  on  their  opinion,  who  maintain  that  this  world  may  have 
a change  of  the  diftances,  he  adds,  “ And  if  all  thefe  been  the  work  of  chance,  the  effefl  of  a jumble  of  felf- 
things  are  fo,  then  all  nature  will  be  very  Ample,  and  exiftent,  felf-moving  atoms : becaufe  chance  is  an  empty 
conflftent  with  itfelf,  effedting  all  the  great  motions  of  word  without  a real  meaning.  Whatever  exifts  has  its 
the  heavenly  bodies  by  the  attradtion  of  gravity,  which  determinate  caufe,  and  can  only  be  called  fortuitous  by 
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is  mutual  between  all  thofe  bodies,  and  almoft  all  the 
lefs  motions  of  its  particles  by  another  certain  attradtive 
and  repulfive  forcei  which  is  mutual  between  thofe 
particles.”  And  a little  after,  treating  of  the  elemen- 
tary  particles,  he  fays : “ Now  it  feems  that  thefe  ele- 
mentary particles  not  only  have  in  themfelves  the  vis 
Inertia,  and  thofe  palAve  laws  of  motion  which  necefta- 
rily  arife  from  that  force,  but  that  they  likewife  perpe- 
tually receive  a motion  from  certain  adtive  principles ; 
fuch  as  gravity,  and  the  caufe  of  fermentation,  and  of 
the  cohefion  of  bodies.  And  I confider  thefe  princi- 
ples, not  as  occult  qualities,  which  are  feigned  to  flow 
from  the  fpecific  forms  of  things,  but  as  univerfal  laws 
of  nature,  by  which  the  things  themfelves  were  formed. 
For  that  truly  fuch  principles  exift,  the  phenomena  of 
nature  Ihew,  although  what  may  be  their  caufes  has  not 
as  yet  been  explained.  To  affirm  that  every  fpecies  of 
things  is  endued  with  fpecific  occult  qualities,  by  which 


us  on  account  of  our  ignorance  of  that  caufe.  Befides 
this,  though  the  number  of  atoms  compofing  this  world 
is  finite,  yet  their  poffible  combinations  are  many  times 
infinitely  infinite  ; for  they  may  be  placed  in  infinite  pla- 
ces of  an  infinite  line  ; of  thefe  lines  there  is  an  infinite 
number  in  every  plane,  and  of  thefe  planes  there  is  an 
infinite  number  in  fpace.  Again,  thefe  points  may  have 
an  infinite  number  of  velocities  in  an  infinite  number  of 
diredlions.  From  all  this  it  is  evident,  that  the  combi- 
nations in  which  the  points  of  matter  may  be,  is  infi- 
nite in  a high  degree,  wdiereas  duration  can  be  infinite 
in  only  one  dimenfion.  Hence  it  is  infinitely  impro- 
bable that  ever  the  prefent  combination  of  things  could 
come  out  by  chance.  And  this  is  fo  much  the  more 
infinitely  improbable,  becaufe  the  diforderly,  chaotic 
combinations  are  infinitely  more  than  the  regular  ones. 
The  whole  of  matter  might  roll  about  in  a blind  mo- 
tion for  a boundlefs  eternity,  without  ever  being  capa- 


they  have  a certain  power,  is  indeed  to  fay  nothing;  ble  to  produce  one  Angle  mufiiroem. 
but  to  deduce  two  or  three  general  principles  of  mo- 
tion from  the  phenomena  of  nature,  and  then  to  explain 
how  the  properties  and  adlion  of  all  corporeal  things 
follow  from  thofe  principles,  this  truly  would  be  to 
have  made  a great  advancement  in  philofophy,  al- 
though the  caufes  of  tho.ft  principles  were  not  as  yet 
known.  Wherefore  I do  not  hefitate  to  maintain  the 


Moreover,  had  matter  been  in  motion  from  all  eter- 
nity, every  atom  would  have  deferibed  an  infinite  line, 
and  then  a part  of  that  line  would  be  affignable  at  an 
infinite  diftance  from  the  point  of  fpace  in  which  the 
atom  is  at  prefent ; but  an  infinite  line  can  never  be  run 
over;  therefore  the  atom  could  never  iiave  come  to  its 
prefent  place  ; and  therefore  the  fuppofition  is  abfurd. 
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above  faid  principles  of  motion,  feeing  they  extend  wide-  Nothing  fucceffive  can  be  eternal  with  a eternity, 
ly  through  all  nature.”  From  this  paftage  we  may  though  it  can  continue  without  end.  God  alone  can 
fafely  conclude,  that  the  great  Britifh  philofopher  would  be  eternal  and  adtually  infinite,  but  his  eternity  and 


have  been  highly  pleafed,  had  he  feen  all  nature  fo  well 
explained  by  the  one  Ample  law  of  forces  propofed  by 


the  Ragufan. 


Bofcovich  himfelf  was  fo  fully  convinced  of  the  truth 


inAnity  are  beyond  our  comprehenfion. 

Neither  can  the  world  have  exifted  of  itfelf  in  any 
thing  like  to  its  prefent  form  from  all  eternity ; for 
matter  is  perfedly  indifferent  to  numberlefs  ftates,  and 

to 
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to  its  preftnt  ftate  it  mufl:  be  determined.  This  prefent 
ftate  is  perfedlly  incapable  of  determining  itfelf,  becaufe 
this  determination  muft  be  previous  to  its  exiftence.  It 
mufl;  be  determined  by  the  preceding  ftate,  which  is  al- 
fo  incapable  of  determining  itfelf,  and  for  its  determina- 
tion we  muft  have  recouifc  to  the  ftate  before.  Thus, 
though  we  go  back  to  eternity,  we  fhall  ftill  find  a nul- 
lity of  determination  : now  an  infinite  fum  of  nothing  is 
nothing;  and  therefore  as  the  prefent  ftate  of  things 
could  have  no  determination,  it  could  not  pofTibiy  exift. 

It  is  therefore  evident  that  there  muft  be  a Deter- 
miner extrinfic  to  the  material  world.  This  Determi- 
ner muft  have  an  infinite  knowledge  of  all  the  poffible 
combinations,  and  an  infinite  elective  creative  power  to 
chufe  and  create  freely  the  combination  he  pleafed,  in 
that  point  of  eternity  that  he  chofe,  with  all  the  num- 
berlefs  circumftances  that  are  agreeable  to  him. 

And  here  what  a vaft  field  of  contemplation  is  laid 
open  to  a philofophic  mind  ! What  a truly  infinite 
knowledge  was  requifite  to  forefee  fo  many  ends,  and 
fo  many  means  requifite  for  obtaining  thofe  ends,  as  are 
contained  in  the  creation ! Let  us  conftder  light,  for  ex- 
ample, which  was  to  be  emitted  for  fo  many  ages  from 
fo  many  luminous  bodies,  with  fo  great  velocity,  fo  as 
to  penetrate  fo  many  mediums  with  different  degrees  of 
refledfibility  and  refrangibility,  with  fo  many  other  won- 
derful qualities  ; at  the  fame  time  fo  many  bodies  were 
to  be  perfedlly  fitted  for  refledting  this  light  in  a cer- 
tain manner,  and  the  animal  eye  was  to  be  lb  formed  as 
to  have  a pidture  of  vifible  objects  painted  on  the  bot- 
tom of  it. — How  many  particular  combinations  were 
neceffary  for  all  this  ? What  fnali  we  fay  of  the  fo  ma- 
ny herbs,  flowers,  trees,  and  animal  bodies  as  there  are 
on  this  our  earth  ? All  their  kinds  and  fpecies,  all  the 
feries  of  their  individuals,  all  their  parts  and  particles, 
w^ere  forefeen,  intended,  and  contrived,  by  one  adt  of 
the  Divine  Mind.  Again,  how  wonderful  are  the  hea- 
venly bodies,  of  what  furprifing  magnitude,  moving  in 
die  moft  beautiful  order,  at  an  immsenfe  diftance  from 
one  another?  To  fay  nothing  of  the  numberlefs  crea- 
tures that  are  beyond  the  reach  of  the  beft  telefcope,  or 
below  that  of  the  microfcope.  He  who  refledts  ever  fo 
little  on  thefe  things,  muft  neceffarily  fee  the  moft  evi- 
dent proofs  of  an  infinite  power,  wifdom,  and  provi- 
dence ; and  he  muft  be  filled  with  admiration  and  awful 
refpedt  for  the  Creator  and  Ruler  of  the  univerfe. 

Nor  are  we  unconcerned  fpedfators  of  this  grand 
fcene.  God  has  been  pleafed  to  make  us  enter  deeply 
into  his  great  plan  of  creation.  He  fmgled  us  out 
am^ong  an  infinite  number  of  poffible  human  beings,  in 
order  to  call  us  into  exiftence  at  a fixed  period  ; and  he 
has  made  a vaft  number  of  his  creatures  contribute  to 
the  formation  of  thefe  wonderful  machines,  our  bodies, 
as  likewife  to  our  nourifhment,  to  cur  prefervatlon,  to 
our  neceffities,  conveniences,  and  gratifications.  Every 
moment  that  we  exift  we  are  enjoying  a great  number 
<)f  benefits,  exprefsly  defigned  for  us  by  that  Supreme 
Being.  This  evidently  demands  from  us  the  higheft 
degree  of  gratitude,  love,  and  obedience. 

Let  us  go  a ftep  ftill  farther ; Is  It  not  very  reafon- 
able  to  fuppnfe,  that  our  God,  who  affords  tis  fo  many 
inftances  of  his  beneficence  towards  us  in  the  natural 
order,  will  alfo,  out  of  compaffion  to  our  weaknefs  and 
ignorance,  have  favoured  us  with  a more  full  and  expli- 
cit raanifeftation  of  himfelf,  of  our  duties  towards  him, 


and  of  his  intentions  concerning  us  ? According  to  Bof-  Eoihmcn 
covich  and  all  true  philofophers,  reafon  itfelf  alone,  and  P 
true  philofophy,  point  out  to  us  the  probability  at  lead 
of  God’s  having  given  us  a ftill  better  and  furer  guide, 
by  whofe  direction  we  may  attain  to  that  perfedl  happi- 
nefs  which  we  naturally  third  after,  and  to  which  w’e 
muft  have  been  defigned  by  our  Maker.  This  is  pro- 
bable from  reafon  alone  ; and  of  this  great  fad:  we  are 
afcertained  by  unqueftionable  authority. 

BOSHMEN  have  been  generally  defcribed  as  a dif- 
tlnd  race  of  Hottentots,  who  are  enemies  to  the  paftoral 
life,  (fee  BosniEs-Mcn,  Encycl.)  This  M.  Vaillant  af- 
firms to  be  a miftake  ; and  we  think  he  has  completely 
proved  that  it  is  fo.  “ Thefe  infamous  v/retches  (fays 
he)  do  not  form  a particular  nation,  nor  are  they  a 
people  who  have  had  their  origin  in  the  places  where 
they  are  now  found.  Bojhmen  is  a name  ccmpofed  of 
two  Dutch  words,  which  fignify  buJJj-7nen,  or  men  of  the 
woods ; and  It  is  under  this  appellation  that  the  inha- 
bitants of  the  Cape,  and  all  the  Dutch  In  general,  whe- 
ther in  Africa  or  America,  diftinguifli  thofe  malefac- 
tors or  aftaffins  who  defert  from  the  colonies,  in  order 
to  efcape  puniftiment.  In  a word,  they  are  what  in 
the  Britlfti  and  French  Weft  India  iflands  are  called 
Maroon  Negroes.  Thefe  Bofhmen,  therefore,  far  from 
being  a diftind  fpecies,  are  only  a promlfcuous  aflem- 
blage  of  mulattoes,  negroes,  and  maftizos,  of  every 
fpecies,  and  fometimes  of  Hottentots  and  bafters  (fee 
Baster,  Supple  nent ),  vsho  all  differing  in  colour,  re- 
ferable each  other  in  nothing  but  in  villany.  They  are 
land  pirates,  who  live  without  laws  and  without  difcl- 
pline,  abandoned  to  the  utmoft  mifery  and  defpair  ; 
bafe  deferters,  who  have  no  other  refources  but  plun- 
dering and  crimes.  They  retire  to  the  fteepeft  rocks 
and  the  moft  inacceffible  caverns,  and  there  they  pafs 
their  lives.  From  thefe  elevated  places  they  command 
an  extenfive  profped  over  the  furrounding  plains,  lie 
in  w'ait  for  the  unwary  traveller  and  the  fcattered  flocks, 
pour  down  upon  them  with  the  velocity  of  an  arrow, 
and  fuddenly  falling  upon  the  inhabitants  and  their 
cattle,  flaughter  them  without  diftindion.  Loaded 
with  booty,  and  whatever  they  can  carry  with  them, 
they  then  repair  to  their  gloomy  caves,  w'hich  they 
never  quit  till,  like  the  lions,  hunger  again  impels  tliem 
to  frefh  maffacres.  But  as  treachery  always  marches 
with  a trembling  ftep,  and  as  the  prtfence  of  one  re- 
folute  perfon  is  fufficient  to  overawe  whole  troops  of 
thefe  banditti,  they  carefully  fnun  thofe  plantations 
where  they  are  certain  that  the  owners  thenifelves  re- 
fide.  Artifice  and  cunning,  the  ufual  refources  of  ti- 
mid fouls,  are  the  only  means  which  they  employ,  and 
the  only  guides  that  accompany  them  in  their  expe- 
ditions.”— Vaillant's  Travels  into  the  Interior  Parts  of 
Africa, 

BOSTON,  (Encyclopedia.)  The  following  more 
accurate  defeription  is  from  Dr  Morfe’s  Gazetteer. 

Boston,  The  capital  of  the  ftate  of  Maifachufetts, 
the  largeft  town  in  New  England,  and  the  third  in 
fize  and  rank  In  the  United  States,  lies  in  42.  23.  15. 

N.  lat.  and  70.  58.  53.  W.  long.  This  town,  with 
the  towns  of  Hingham,  Chelfea  and  FIull,  conftitute 
the  county  of  Suffolk;  176  miles  S.  W.  of  Wifeaffet, 

61  S.  by  W.  of  Portfmouth,  164  N.  E.  of  New-FIa- 
ven,  252  N.E.  of  New'-York,  347  N.  E.  of  Philadel- 
phia, and  500  N.  E.  of  the  city  of  Vf  alhington.  Bof- 
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Bofton, 


ton  is  built  upon  a peninfula  of  irregular  form  at  the 
bottom  of  MalTachufetts  Bay,  and  is  joined  to  the  main 
land  by  an  ifthmus  on  the  fouth  end  of  the  town  lead- 
ing to  Roxbury.  It  is  two  miles  long  but  is  of  un- 
equal breadth  : the  broadefl;  part  is  726  yards.  The 
peninfula  contains  about  700  acres  (other  accounts  fay 
1000)  on  which  are  2376  dwelling  houfes.  The  num- 
ber of  inhabitants  in  1790  was  18,038,  but  the  increafe 
has  been  very  confiderable  fince.  The  town  is  inter- 
fered by  97  ftreets,  36  lanes,  and  26  alleys,  befides 
18  courts,  &c.  moll  of  thefe  are  irregular,  and  not 
very  convenient.  State-ftreer,  Common-ftreet,  and  a 
few  others,  are  exceptions  to  this  general  charadter  ; 
the  former  is  very  fpacious,  and  being  on  a line  with 
Long  Wharf,  where  ftrangers  ufually  land,  exhibits  a 
flattering  idea  of  the  town. 

Here  are  nineteen  edifices  for  public  worfhip,  of  which 
nine  are  for  Ccmgregationalifts,  three  for  Epifcopali- 
ans,  and  two  for  Baptifls  ; the  Friends,  Roman  Ca- 
tholics, Methodifls,  Sandemanians  and  Univerfalifts 
have  one  each.  Motl  of  thefe  are  ornamented  with 
beautiful  fpires,  wdth  clocks  and  bells.  The  other 
public  buildings  are  the  State- Houfe,  Court  Houfe, 
two  Theatres,  Concert  Hall,  Faneuil  Hall,  Gaol,  an 
Alms-Houfe,  a Vv^’ork- Houfe,  a Bridewell  and  Powder 
Magazine.  Franklin  Place,  adjoining  Federal-llreet 
Theatre,  is  a great  ornament  to  the  towm ; it  contains 
a monument  of  Dr.  Franklin  from  whom  it  takes  its 
name,  and  is  encompaffed  on  two  fides  with  buildings, 
which,  in  point  of  elegance,  are  not  exceeded,  per- 
haps, in  the  United  States.  Here  are  kept  in  capaci- 
ous rooms,  given  and  fitted  up  for  the  purpofe,  the 
Bofton  Library,  and  the  valuable  Colledions  of  the 
Hiftorical  Society.  Moft  of  the  public  buildings  are 
handfome,  and  fome  of  them  are  elegant.  A magnifi- 
cent State-Houfe  is  now  erecting  in  Bofton,  on  the  S. 
fide  of  Beacon  Hill,  fronting  the  Mall,  the  corner- 
ftone  of  which  was  laid  with  great  formality  and  pa- 
rade on  the  4th  of  July,  1795;  and  which  over-tops 
the  monument  on  Beacon  Hill. 

The  Market  Place,  in  which  Faneuil  Hall  is  fituat- 
ed,  is  fupplied  with  all  kinds  ©f  provifions  w'hich  the 
country  affords.  The  fifh  market  in  particular,  by  the 
bounteous  fupplies  of  the  ocean  and  rivers,  not  only 
furniflies  the  rich  with  the  rareft  produdions,  but  of- 
ten provides  the  poor  with  a cheap  and  grateful  repaft. 

Bofton  Harbor,  is  formed  by  Point  Alderton  on  the 
S.  and  by  Nahant  Point- on  the  N.  The  harbor  is  ca- 
pacious enough  for  500  veffels  to  ride  at  anchor  in  good 
depth  of  water  ; whilft  the  entrance  is  fo  narrow  as 
fcarcely  to  admit  two  fhips  abreaft.  It  is  variegated 
with  about  forty  iflands,  of  which  fifteen  only  can  be 
properly  called  fo ; the  others  being  fmall  rocks  or 
banks  of  fand,  flightly  covered  with  verdure.  Thefe 
iflands  afford  excellent  pafturage,  hay  and  grain,  and 
furnifh  agreeable  places  of  refort  iir  fummer  to  parties 
of  pleafure.  Caftle  Ifland  is  about  three  miles  from 
the  town ; its  fortifications,  formerly  called  Caftle 
William,  defend  the  entrance  of  the  harbor.  It  is 
garrifoned  by  about  fifty  foldiers,  w’ho  ferve  as  a 
guard  for  the  convids,  who  are  fent  here  to  hard 
labour.  The  convids  are  chiefly  employed  in  making 
nails. 

The  Light-Houfe  ftands  on  a fmall  ifland  on  the  N. 
entrance  of  the  channel,  (Point  Alderton  and  Nantaf- 


ket  Heights  being  on  the  S.)  and  is  about  65  feet  high.  Bofton. 
To  fteer  for  it  from  Cape  Cod,  the  courfe  is  W.  N. 

W.  when  within  one  league  of  the  Cape  ; from  Cape 
Cod  to  the  Light-Houfe  is  about  16  leagues  ; from 
Cape  Ann  the  courfe  is  S.  W.  diftant  10  leagues.  A 
cannon  is  lodged  and  mounted  at  the  Light  Houfe  to 
anfwer  fignals. 

Only  feven  of  the  iflands  in  the  bay  are  within  the 
jurifdidion  of  the  town,  and  taxed  with  it,  viz.  Nod- 
dle’s, Hog,  Long,  Deer,  Spedacle,  Governor’s  and 
Apple  Iflands. 

The  wharves  and  quays  in  Bofton  are  about  eighty 
in  number,  and  very  convenient  for  veffels.  Long 
Wharf,  or  Bofton  Pier,  in  particular,  extends  from 
the  bottom  of  State-ftreet  1743  feet  into  the  harbor 
in  a ftraight  line.  The  breadth  is  104  feet.  At  the  end 
are  17  feet  of  water  at  ebb  tide.  Adjoining  to  this 
wharf  on  the  north  is  a convenient  wharf  called  Minot’s 
T,  from  the  name  of  its  former  proprietor  and  its 
form.  Veffels  are  fupplied  here  with  frefh  water  from 
a well  furrounded  by  fait  water,  wLich  has  been  dug 
at  a great  expenfe.  Long  Wharf  is  covered  on  the 
north  fide  with  large  and  commodious  ftores,  and  in 
every  refped;  exceeds  any  thing  of  the  kind  in  the  Unit- 
ed States.  In  February,  1796,  a company  was  in- 
corporated to  cut  a canal  between  this  harbor  and 
Roxbury,  which  is  nearly  completed. 

The  view  of  the  town,  as  it  is  approached  from  the 
fea,  is  truly  beautiful  and  pidlurefque.  It  lies  in  a cir- 
cular and  pleafingly  irregular  form  round  the  harbour, 
and  is  ornamented  with  fpires,  above  which  the  monu- 
ment of  Beacon  Hill  rifes  pre-eminent ; on  its  top  is  a 
gilt  eagle  bearing  the  arms  of  the  Union,  and  on  the 
bafe  of  the  column  are  inferiptions,  commemorating 
fome  of  the  moft  remarkable  events  of  the  late  war. 

Beacon  Hill  is  the  higheft  ground  on  the  peninfula, 
and  affords  a moft  delightful  and  extenfive  profpeil. 

The  common  below  it  contains  about  45  acres  always 
open  to  refreftiing  breezes  ; on  its  eaft  fide  is  the  Mall, 
a very  pleafant  walk  above  500  yards  in  length,  adorn- 
ed with  rows  of  trees,  to  which  an  addition  of  about 
100  yards  has  been  lately  added.  Charles  River  and 
Weft  Bofton  bridges  are  highly  ufeful  and  ornamental 
to  Bofton ; and  both  are  on  Charles  River,  which 
mingles  its  waters  with  thofe  of  Myftic  River,  in  Bof- 
ton harbor.  Charles  River  bridge  connedls  Bofton 
with  Charleftown  in  Middlefex  county,  and  is  1503 
feet  long,  42  feet  broad,  ftands  on  75  piers,  and  coft 
the  fubfenbers  50,000  dollars.  It  was  opened  June 
19,  1787. 
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Weft  Bofton  bridge  ftands  on  180  piers,  is 
Bridge  over  the  gore,  14  piers. 

Abutment  Bofton  fide, 

Caufeway, 

Diftance  from  the  end  of  the  Caufev/ay  to 

Cambridge  meeting-houfe,  7810 

Width  of  the  Bridge,  40 

This  beautiful  bridge  exceeds  the  other  as  much  in 
elegance  as  in  length,  and  coft  the  fubferibers  76,700 
dollars.  Both  bridges  have  draws  for  the  admiflion  of 
veffels,  and  lamps  for  the  benefit  ©f  evening  pafl’engers. 

Seven  Free  Schools  are  fupported  here  at  the  pub- 
lic expenfe,  in  which  the  children  of  every  clafs  of  citi- 
zens may  freely  affociate  together.  The  number  of 
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Bofton.  fcholars  is  computed  at  about  900,  of  which  160  are 
taught  Latin,  See.  There  are  befides  thefe  many  pri- 
vate fchools. 

The  principal  focieties  in  the  Commonwealth  hold 
their  meetings  in  this  town,  and  are,  the  Marine  So- 
ciety, American  Academy  of  Arts  and  Sciences,  Maf- 
fachufetts  Agricultural  Society,  Mafiachufetts  Charita- 
ble Society,  Bofton  Epifcopal  Charitable  Society,  Maf- 
fachufetts  Hiftorical  Society,  Society  for  propagating 
the  Gofpel,  Mafiachufetts  Congregational  Society, 
Medical  Society,  Humane  Society,  Bofton  Library 
Society,  Bofton  Mechanic  Afibciation,  Society  for  the 
aid  of  Immigrants,  Charitable  Fire  Society,  and  fe- 
ven  refpeftable  Lodges  of  free  and  accepted  Mafons. 

The  foreign  and  domeftic  trade  of  Bofton  is  very 
confiderable,  to  fupport  which  there  are  three  Banks, 
viz.  the  Branch  of  the  United  States  Bank,  the  Union, 
and  the  Mafiachufetts  Bank  ; the  latter  confifts  of  800 
fhares  of  500  dollars,  equal  to  400,000  ; the  capital  of 
the  Union  Bank  is,  1,200,000  dollars,  400,000  of 
which  is  the  property  of  the  State.  In  1748,  500 
velTels  cleared  out  of  this  port  for,  and  430  were  enter- 
ed from,  foreign  parts.  In  1784,  the  entries  of  foreign 
and  coafting  veftels  were  372,  and  the  clearances  450. 
In  1794,  the  entries  from  foreign  ports  were  567.  In 
1795,  thsfs  entries  amounted  to  725,  of  which  the  fhips 
were  96,  barques  3,  fnows  9,  polacre  i,  brigs  185, 
dogger  I,  fchooners  362,  fliallop  i,  and  floops  65. 
The  principal  manufadtures  confift  of  rum,  loaf-fugar, 
beer,  fail-cloth,  cordage,  wool  and  cotton  cards,  play- 
ing cards,  pot  and  pearl  allies,  paper  hangings,  hats, 
plate,  glafs,  tobacco,  and  chocolate.  There  are  thirty 
diftilleries,  two  breweries,  eight  fugar  houfes,  and 
eleven  ropewalks. 

Eight  years  ago,  the  Intercourfe  with  the  country 
barely  required  two  ftages  and  twelve  horfes,  on  the 
great  road  between  this  and  New-Haven,  diftant  164 
miles ; whereas  there  are  now  twenty  carriages  and 
one  hundred  horfes  employed.  The  number  of  the 
different  ftages  that  run  through  the  week  from  this 
town  is  upwards  of  20,  eight  years  ago  there  were 
only  three. 

Attempts  have  been  made  to  change  the  govern- 
ment of  the  town  from  its  prefent  form  to  that  of  a 
city ; but  this  meafure,  not  according  with  the  demo- 
cratic fpirit  of  the  people,  has  as  yet  failed,  At  an 
annual  meeting  in  March,  nine  Seledlmen  are  chofen 
for  the  government  of  the  town  ; at  the  fame  time  are 
chofen  a Town  Cleik,  a Treafurer,  12  Overfeers  of 
the  Poor,  twenty-four  Firewards,  twelve  Clerks  of  the 
Market,  twelve  Scavengers,  twelve  Conftables,  befides 
a number  of  other  officers.  If  the  inhabitants  do  not 
reap  all  the  advantages  they  have  a right  to  expe<ft 
from  their  numerous  officers,  it  is  not  for  w'ant  of 
wholefome  laws  for  the  regulation  of  the  weights, 
meafures  and  quality  of  provifions,  or  other  branches 
of  police,  but,  hecaufe  the  laws  are  not  put  in  execution, 
Befides  thofe  called  Trained  Bands,  there  are  four 
other  military  companies  in  Bofton,  viz.  the  Ancient 
and  Honourable  Artillery  Company,  the  Cadets, 
Fufiliers  and  Artillery  Company.  The  Ancient  and 
Honourable  Artillery  Company  w'as  incorporated  in 
1638,  and  the  eletfticn  of  a captain  and  officers  of  it 
for  the  year  is  on  the  firft  Monday  in  June  annually, 
which  is  ob.^erved  here  as  a day  of  feftivity.  Several 
SuppL.  Vox-.  I. 


officers  in  the  American  army,  who  fignalized  them-  Bofton 
felves  In  the  late  war,  received  their  firft  knowledge  of  II 
tadtics  in  this  military  fchool.  Bofwgll. 

Bofton  was  fettled  as  early  as  1631,  from  Charlef- 
town  ; it  was  called  Shaumut  by  the  Indians  ; Tri- 
mountain by  the  fettlers  in  Charleftown,  from  the  view 
of  its  three  hills  ; and  had  its  prefent  name  in  token  of 
refpedl  to  the  Rev.  Mr  Cotton,  a minifter  of  Bofton 
in  England,  and  afterwards  minifter  of  the  firft  church 
here.  Bofton  was  greatly  damaged  by  an  earthquake 
in  Odtober  29,  1727,  and  finee  that  time  has  fuffered 
feverely  by  numerous  fires,  the  houfes  being  moftly 
built  of  wood.  The  laft  large  fire  happened  July  30, 

1794,  and  confumed  96  houfes,  rope-walks,  &c.  and, 
the  account  of  Ioffes  given  in  by  the  fufferers  amounted 
to  209,861  dollars. 

It  was  in  Bofton  that  the  Revolution  originated 
w'hich  gave  Independence  to  America,  and  from  thence 
flew  like  an  eledlrical  flrock  throughout  the  Union.  It 
fuffered  much  at  the  commencement  of  the  war,  by 
the  lofs  of  an  extenfive  trade,  and  other  calamities. 

Bofton  feels  a pride  in  having  given  birth  to  Benjamin 
Franklin,  and  a number  of  other  patriots,  who  were 
among  the  moft  adive  and  influential  charaders  in  ef- 
feding  the  revolution. 

BOSWELL  (James),  known  to  the  learned  world 
as  the  author  of  a life  of  Dr  Johnfon  and  of  feveral  other 
valuable  works,  was  born,  we  believe,  at  Auchinleck  in 
Ayrflrire,  in  1740.  The  family  from  which  he  fprung 
was  ancient  and  honourable.  At  the  time  of  his  birth 
his  father  was  a well  employed  lawyer  at  the  Scotch 
bar ; but  was  afterwards  raifed  to  the  dignity  of  Judge, 
and  filled  that  important  ftation  with  acknowledged 
learning,  probity,  and  honour.  His  title  was  Lord 
Auchinleck,  taken  from  his  family  inheritance ; and  he 
died  in  1782  : on  which  occafion  Dr  Johnfon  wrote  an 
elegant  and  inftrudive  letter  to  the  fubjed  of  this  brief 
memorial ; of  which  we  ftiall  tranferibe  a paffage  that 
alludes  to  fome  flight  domeftic  differences,  which  did 
not  happen  in  vain,  fince  they  gave  rife  to  fuch  falutary 
advice : 

“ Your  father’s  death  had  every  circumftance  that 
could  enable  you  to  bear  it.  It  was  at  a mature  age, 
and  it  was  expeded ; and  as  his  general  life  had  been 
pious,  his  thoughts  had,  doubtlefs,  for  many  years  paft, 
been  turned  upon  eternity.  That  you  did  not  find  him 
fenfible  muft  doubtlefs  grieve  you:  his  difpofition  to- 
wards you  was  undoubtedly  that  of  a kind,  though  not 
of  a fond  father.  Kindnefs,  at  Icaft  actual,  is  in  our 
own  power,  but  fondnefs  is  not ; and  if,  by  negligence 
or  imprudence,  yoti  had  extinguiflted  his  fondnefs,  he 
could  not  at  will  rekindle  it.  Nothing  then  remained 
between  you  but  mutual  forgivenefs  of  each  other’s 
faults,  and  mutual  defire  of  each  other’s  happinefs.” 

The  occafion  of  this  family  diffention  is  unknown  to 
us.  It  might  originate  in  the  difference  of  their  politi- 
cal principles,  Mr  Bofwell  being  a zealous  Tory,  and 
his  father,  as  he  reprefents  him,  a rancorous  Whig  ; or 
it  may  have  arifen  from  the  celebrated  Douglas  caufe, 
which  fet  many  friends  at  variance  in  Scotland,  and  in 
which  Lord  Auchinleck  and  his  fon  took  oppofite  Tides. 

The  Judge  gave  his  vote  on  the  bench  for  the  Duke  of 
Hamilton  ; and  the  advocate  (for  Mr  Bofwell  was  then 
at  the  bar)  was  fo  keen  a partizan  of  Douglas,  that 
w’hen  the  caufe  was  finally  decided  by  the  Houfe  of 
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Bofwell.  Peers,  he  got  pofleflion  of  a Cliinefe  gong^  and,  at  the 
head  of  a number  of  young  men  and  boys  patrolled  the 
ftreets  of  Edinburgh,  and  made  a loud  and  exulting 
noife  at  the  windows  of  his  father’s  houfe,  where  there 
was  no  fymptom  difplayed  of  the  general  joy. 

In  1762  Mr  Bofvvell  made  his  firft  journey  to  Lon- 
don ; where,  under  the  aiifpices  of  Dodlley  the  bookfel- 
ler,  he  publiflied,  “ The  Cub  at  Newmarket,  a Tale.” 
By  the  title  of  Cub  he  meant  to  charafterize  himfelf,  as 
the  reader  will  perceive  in  the  following  lines,  which 
W'e  fnall  give  as  a fpecimen  of  the  poem : 

Lord  Eglintoune,  who  loves,  you  know, 

A little  dafli  of  v/him,  or  fo. 

By  chance  a curious  Cub  had  got. 

On  Scotia’s  mountains  newly  caught. 

During  his  (lay  in  London,  Mr  Bofwell  was  intro- 
duced to  Dr  Johnfon,  with  whom  it  is  well  known  lie 
continued  to  live  in  intimacy  from  that  time  till  John- 
fon’s  death  in  1784;  and  this  intimacy  procured  him 
the  friendfliip  of  Burke,  Goldfmith,  Sir  Joftiua  Rey- 
nolds, and  many  other  men  of  eminence,  who  compofed 
what  was  called  The  Literary  Club.  In  the  latter  end 
of  1765  he  became  acquainted  with  General  Paoli  when 
on  his  travels  ; and  after  his  return  he  publiftied,  in 
1768  or  1769,  his  account  of  Corfica,  with  the  “ Jour- 
nal of  a Tour  to  that  Hland.” 

Of  this  w^ork,  which  gained  him  fome  diftindtion  in 
the  world,  his  great  friend  Johnfon  writes  thus : “ Your 
hiftory  is  like  all  other  hiftories,  but  your  journal  is  in  a 
very  high  degree  curious  and  delightful.  There  is  be- 
tw'een  the  hillcry  and  the  journal  that  difference  w'hich 
there  will  always  be  found  between  notions  borrow^ed 
from  without  and  notions  generated  within.  Your  hif- 
tory was  copied  from  books  ; your  journal  rofe  out  of 
your  own  experience  and  obfervation.  You  exprefs 
images  which  operated  ftrongly  upon  yourfelf,  and  you 
have  imprefled  them  with  great  force  upon  your  read- 
ers. I know  not  whether  I could  name  any  narrative 
by  which  curiofity  is  better  excited  or  better  gratified.” 

In  1770  Mr  Bofwell,  w'ho  was  then  in  good  prac- 
tice at  the  Scotch  bar,  married  an  amiable  woman, 
by  whom  he  had  two  fons  and  three  daughters,  who 
furvived  him.  In  1773  he  was  chofen  a member  of 
the  Literary  Club;  and  in  the  autumn  of  the  fame 
year  he  vifited  the  Hebrides  in  company  with  his  illuf- 
trious  friend  Johnfon  ; after  w'hofe  death  be  publiflied  a 
very  entertaining  account  of  their  tour,  the  places  they 
favv,  the  charadters  with  whom  they  converfed,  and  their 
own  remarks  on  the  different  converfations.  To  many 
perfons,  both  in  England  and  Scotland,  this  book  gave 
great  offence,  as  it  brought  before  the  public  the  un- 
guarded talk  of  private  focial  circles  ; but  it  furely  fur- 
nifhed  much  entertainment,  as  it  exhibited  a more  faith- 
ful pidlure  of  Hebridian  manners  than  the  Britifh  pub- 
lic had  ever  before  feen. 

In  1784,  when  Mr  Fox’s  famous  India  bill  was  be- 
fore Parliament,  Mr  Bofwell  publilhed  a “ Letter  to  the 
People  of  Scotland  on  the  Prefent  State  of  the  Na- 
tion in  which  he  contends,  that  no  charter  would  be 
fafe  if  that  bill  Ihould  pafs  into  a law  ; and  more  than 
infinuates,  that  the  principle  of  it  was  equally  inim.ical 
to  the  liberties  of  the  fubjedl  and  to  the  prerogative  of 
the  king.  Dr  Johnfon  feems  to  have  though!  of  that 
bill  as  he  did  j for  having  read  the  letter,  he  writes  to 


the  author  his  approbation  of  it  in  the  following  vrords : Bofwell. 
“ I am  very  much  of  your  opinion  ; and,  like  you,  feel 
great  indignation  at  the  indecency  with  which  the  king 
is  every  day  treated.  Your  paper  contains  very  confi- 
derable  knowledge  of  the  hiftory  and  of  the  conftitu- 
tion,  very  properly  produced  and  applied.” 

In  1785  Mr  Bofwell  quitted  the  Scotch  bar,  and 
went  to  refide  in  London,  where  he  continued  till  the 
day  of  his  death.  Having  entered  himfelf  in  one  of  the 
inns  of  court,  and  ftudied  the  Englilh  law,  he  became  a 
barrifter  in  England ; but  we  have  reafon  to  believe 
that  his  pradice  there  was  not  fo  fuccefsful  as  it  had 
been  in  his  own  country.  He  enjoyed,  however,  more 
completely  than  he  could  do  in  Edinburgh,  the  conver- 
fation  of  the  great,  the  wdfe,  the  witty,  and  the  good  ; 
and  fuch  converfation  he  alw'ays  valued  above  wealth. 

He  frequently  vifited  his  native  country,  and  efpecially 
Auchinleck,  the  feat  of  his  anceftors  ; and  foon  after 
his  return  from  one  of  thofe  vifits  he  was  feized  with 
a diforder  which  proved  fatal,  on  Tuefday  the  19th  of 
May  1795. 

Such  were  the  principal  events  in  the  life  of  Mr  Bof- 
well. Of  his  charafter,  it  would  be  difficult  to  fay 
much  more  than  he  has  faid  himfelf  in  his  “ Journal  of  a 
Tour  to  the  Hebrides ;”  and  which  may,  with  fome 
propriety,  be  copied  here  : 

“ I have  given  a fketch  of  Dr  Johnfon.  My  readers 
may  wifti  to  know  a little  of  his  fellow-traveller.  Think, 
then,  of  a gentleman  of  ancient  blood  ; the  pride  of 
which  was  his  predominant  paffion.  He  w'as  then  in 
bis  33d  year,  and  had  been  about  four  years  happily 
married.  His  inclination  was  to  be  a foldier ; but  his 
father,  a refpeftable  Judge,  had  preffed  him  into  the 
profeflion  of  the  law.  He  had  travelled  a good  deal, 
and  feen  many  varieties  of  human  life.  He  had  thought 
more  than  any  body  fuppofed,  and  had  a pretty  good 
ftock  of  genera]  learning  and  knowledge.  He  had  all 
Dr  Johnfon’s  principles,  with  fome  degree  of  relaxation. 

He  had  rather  too  little  than  too  much  prudence  ; and 
his  imagination  being  lively,  he  often  faid  things  of 
which  the  effedt  was  very  different  from  the  intention. 

He  refemblcd  fometimes 

‘ The  beft  good  man,  with  the  worft-natur’d  mufe.’ 

“ He  cannot  deny  himfelf  the  vanity  of  finifhing  with 
the  encomium  of  Dr  Johnfon,  whofe  friendly  partiality 
to  the  companion  of  this  tour  reprefents  him  as  one 
‘ whofe  acutenefs  would  help  my  inquiry,  and  whofe 
gaiety  of  converfation,  and  civility  of  manners,  are  fuf- 
ficient  to  counteradf  the  inconveniences  of  travel,  in 
countries  lefs  hofpitable  than  we  have  paffed.” 

Few  of  Mr  Bofwell’s  friends,  we  believe,  could  add 
much  to  this  candid  confeflion.  His  enemies,  if  he  had 
any,  might  dwell  upon  his  failings ; but  his  failings 
were  few,  and  injurious  to  no  perfon.  In  his  charadler 
good  nature  was  predominant.  He  appeared  to  enter- 
tain fentiment?  of  benevolence  to  all  mankind,  and  to  be 
incapable  of  intentionally  injuring  a human  being.  His 
converfation-talents  were  always  pleafing,  and  often 
fafeinating.  But  can  we  wonder  at  this  in  him  who, 
with  a capacity  to  learn,  had  been  the  companion  of 
Johnfon  for  more  than  20  years  ? His  attachment  to  the 
Dodlor  for  fo  long  a period  was  a meritorious  perfe- 
verance  in  the  defire  of  knowledge.  To  it  the  world  is 
indebted  for  the  moft  finiftied  pidure  of  an  eminent  man 

that 


BOU  [143]  BOU 


Bofwell  that  ever  was  executed.  We  know  there  are  objeftions 
U to  the  mode  of  giving  the  life  of  Johnfon.  It  has  been 
Bougiier.  thought  that  ignorance  has  been  wantonly  expofed,  and 
the  privacy  of  ibcial  life  endangered.  We  fhall  not  en- 
ter deeply  into  this  queftion.  All  that  we  can  certain- 
ly affirm  is,  that  the  work  has  been  read  with  avidity 
and  pleafure  ; and  that  he  who  does  not  wifh  to  read  it 
again  may  be  fufpefted  to  be  deficient  in  tafte  and  in 
temper. 

Mr  Bofwell  has  been  accufed  of  vanity  ; but  when 
this  accufation  is  brought  againft  him,  it  fhould  not  be 
forgotten  that  he  enjoyed  advantages  which  rendered 
that  confpicuous  in  him  from  which  no  man  can  claim 
an  exemption.  We  know  not  the  man  who  would  not 
have  been  vain  to  poflefs  fo  much  of  Dr  Johnfon’s  con- 
verfation,  and  proud  to  give  it  to  the  world,  in  hopes 
that  he  who  venerated  Johnfon  would  not  be  unthank- 
ful to  his  biographer.  From  the  Dodor,  however,  he 
appeared  to  his  friends  to  have  imbibed  a portion  of  me- 
lancholy, of  which  indeed  he  complained  himfelf  du- 
ring the  laft  two  or  three  years  of  his  life  ; and  he  flew 
for  relief  where  perhaps  it  is  beft  to  be  found,  to  the  fo- 
ciety  of  the  learned  and  the  gay.  Here,  as  he  confeffes, 
he  had  rather  too  little  than  too  much  prudence  d’  and, 
with  more  attachment  to  the  adivity  of  rural  life,  he 
might,  probably,  have  lengthened  his  days.  But  as  his 
“ belief  in  revelation  was  unffiaken,”  and  his  religious 
impreflions  deep,  and  recurring  frequently,  let  us  hope 
that  he  has  now  attained  that  ftate  from  which  imper- 
fedion  and  calamity  are  alike  excluded. 

BOTANY-bay,  See  Wfw  Holland,  Encycl.;  and 
Neiv  South  Wales  in  this  Supplement. 

BOTETOURT,  a county  in  Virginia,  on  the  Blue 
Ridge,  VA  of  which  are  the  Sweet  Springs,  about  42 
miles  from  the  Warm  Springs.  Its  chief  town  is  Fin- 
caff  le. — Morse. 

BOUDOIR,  LE,  a fmall  ifland  in  the  Pacific 
Ocean,  S.  lat.  17.  52.  W.  long,  from  Paris,  15.  25.  ; 
difcovered  April  2,  1768,  by  Bouganville.  This 
ifland,  the  year  before,  had  been  difcovered  by  Wallis, 
and  named  Ofnahurg. — The  natives  call  it  Maitea,  ac- 
cording to  the  report  of  Capt.  Cook,  vrho  vifited  it  in 
1769.  Quires  difcovered  this  ifland  in  1606,  and 
called  it  la  De%ana. — tb. 

BOUGUER  (Peter),  an  eminent  mathematician 
and  mechanical  philofopher,  was  born  at  Croific,  in 
Lower  Bretagne,  on  the  loth  of  February  1698-  His 
father  John  Bouguer,  who  was  likewife  a confiderable 
mathematician,  was  then  profelTor  royal  of  hydrogra- 
phy at  that  port ; and  under  him  young  Bouguer  ffudi- 
ed  mathematics,  and  the  application  of  them  to  fliip- 
building,  almoft  from  the  period  when  he  began  to 
fpeak ; fo  that  he  was  a proficient  in  thefe  fclences  be- 
fore he  had  reached  beyond  the  years  of  childhood.  He 
was,  however,  removed  from  Croific  to  the  Jefnits  col- 
lege at  Vannes,  where  at  1 3 years  of  age,  he  triumphed, 
in  a public  conteft,  over  a profelTor  of  mathematics, 
who  had  advanced  a mathematical  propofition  errone- 
oufly.  Two  years  after  this  he  loft  his  father,  whom 
he  was  appointed  to  fucceed  in  the  office  of  hydrogra- 
pher,  after  being  publicly  examined,  and  giving  the 
moft  complete  proof  of  his  being  duly  qualified  to  fill 
the  vacant  chair.  He  was  indeed  qualified  by  prudence 
as  well  as  by  fcience  ; for  however  furprifing  it  may  be, 


he  filled  it  both  with  dignity  and  with  abilities,  though  Bougutn 
then  not  more  than  15  years  of  age. 

In  the  years  1727,  1729,  and  1731,  he  gained  the 
prizes  fucceffively  propofed  by  the  Academy  of  Sciences 
for  eflays  on  the  beft  way  of  equipping  ftiips  with  mafts, 
on  the  beft  method  of  obferving  at  fea  the  height  of  the 
ftars,  and  on  the  moft  advantageous  way  of  obferving 
the  declination  of  the  magnetic  needle  or  the  variation 
of  the  compafs.  In  1729  he  publiftied  an  Optical  Effay 
upon  the  Gradation  of  Light,  in  which  he  examined  the 
intenfity  of  light,  and  determined  its  degrees  of  diminu- 
tion In  paffing  through  different  pellucid  mediums,  and 
particularly  in  traverfing  the  earth’s  atmofphere.  Of 
this  effay,  which  was  written  upon  a fubjeeft  that  till  then 
had  not  attradfed  the  attention  of  philofophers,  the 
reader  will  find  fome  account  in  the  Encyclopcedia,  un- 
der the  title  Optics,  n°  32,  &c. 

In  1730  Bouguer  was  removed  from  the  port  of 
Croific  to  that  of  Havre.  In  1731  he  obtained,  in  the 
Academy  of  Sciences,  the  place  of  affoclate  geometri- 
cian, vacant  by  the  promotion  of  Maupertuis  to  that  of 
penfioner ; and  in  1735  he  was  promoted  to  the  office 
of  penfioner  aftronomer.  The  fame  year  he  was  fent 
on  the  commifllon  to  South  America,  along  with  Meffrs 
Godin,  Condamine  and  Jeuffieu,  to  determine  themea- 
fure  of  the  degrees  of  the  meridian,  and  the  figure  of 
the  earth.  In  this  painful  and  troublefome  bufinefs  of 
ten  years  duration,  chiefly  among  the  lofty  Cordelier 
mountains,  our  author,  befides  attending  to  the  objedt  of 
the  voyage,  made  many  fcientific  obfervations,  viz.  on 
the  effedt  of  the  Cordeliers  on  the  polarity  of  the  mag- 
netic needle  ; on  the  expanfion  and  contradlon  of  metals 
and  other  fubftances,  by  the  fudden  and  alternate  chan- 
ges of  heat  and  cold  among  thofe  mountains ; and  on 
the  refradtion  of  the  atmofphere  from  the  tops  of  the 
fame,  with  the  Angular  phenomenon  of  the  fudden  in- 
creafe  of  the  refradtion,  when  the  ftar  can  be  obferved 
below  the  line  of  the  level.  He  likewife  afeertained  the 
laws  of  the  denfity  of  the  air  at  different  heights,  from 
obfervations  made  at  different  points  of  thofe  enormous 
mountains ; he  difcovered  that  the  mountains  have  an 
effedt  upon  a plummet,  though  he  did  not  aflign  the 
quantity  of  that  effedt ; he  found  out  a method  of  efti- 
matlng  the  errors  committed  by  navigators  in  determin- 
ing their  route ; gave  a new  conftrudtion  of  the  log 
for  meafuring  a fhip’s  way  •,  and  made  feveral  other  ufe- 
ful  improvements.  M.  Bouguer  made  at  different  times 
fome  important  experiments  on  the  famous  reciproca- 
tion of  the  pendulum  ; he  Invented  in  1747  the  helio-, 

METER  (fee  that  article  Encycl.)',  and  made  many  dif- 
coveries  relating  to  the  intenfity  of  light  (for  which  fee 
Optics-/«C7?.v,  Encycl.)  His  unremitting  application 
to  ftudy  undermined  his  health,  and  he  died  on  the  15th 
of  Auguft  1758,  In  the  61  ft  year  of  his  age. 

Of  his  works  which  have  been  publilhed,  the  chief 
are,  i . The  Figure  of  the  Earth,  determined  by  the 
Obfervations  made  in  South  America,  1749,  4'^°* 

2.  Treatife  on  Navigation  and  Pilotage,  Paris,  1752, 
in  4to.  This  work  has  been  abridged  by  M.  La  Caille, 
in  one  volume  8vo,  1768.  3.  Treatife  on  Ships,  their 

Conftrudtion  and  Motions,  in  4to,  1756.  4.  Optical 

Treatife  on  the  Gradation  of  Light,  firft  In  1729,  then 
a new  edition  in  1760,  in  410. 

His  papers  that  were  inferted  in  the  Memoirs  of  the 
U 2 Academy 
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Bourger  Academy  are  very  numerous  and  Important : as  in  the 
H Memoirs  for  1726,  comparifon  of  the  force  of  the  fo- 
lar  and  lunar  light  with  that  of  candles ; 1731,  obfer- 

vations  on  the  curvilinear  motion  of  bodies  in  mediums; 

1732,  upon  the  new  curves  called  the  lints  of  purfuit ; 

1733,  to  determine  the  fpecies  of  conoid,  to  be  con- 
ftruded  upon  a given  bafe  which  is  expofed  to  the  fhock 
of  a fluid,  fo  that  the  impulfe  may  be  the  leaft  polTible  ; 
determination  of  the  orbit  of  comets ; 1734,  compari- 
fon of  the  two  laws  which  the  earth  and  the  other  pla- 
nets muft  obferve  in  the  figure  which  gravity  caufes 
them  to  take  ; on  the  curve  lines  proper  to  form  the 
arches  In  domes ; 1735,  obfervations  on  the  equinoxes; 
on  the  length  of  the  pendulum  ; 1736,  on  the  length 
of  the  pendulum  in  the  torrid  zone  ; on  the  manner  of 
determining  the  figure  of  the  earth  by  the  meafure  of 
the  degrees  of  latitude  and  longitude;  1739,  on  the 
aflronomical  refraflions  in  the  torrid  zone  ; obfervations 
on  the  lunar  eclipfe  of  the  8th  September  1737,  made 
at  Quito;  1744,  fliort  account  of  the  voyage  to  Peru 
by  the  members  of  the  Royal  Academy  of  Sciences,  to 
meafure  the  degrees  of  the  meridian  near  the  equator, 
and  from  thence  to  determine  the  figure  of  the  earth  ; 
1 745,  experiments  made  at  Quito  and  divers  other  places 
in  the  torrid  zone,  on  the  expanfion  and  contradtion  of 
metals  by  heat  and  cold  ; on  the  problem  of  the  matting 
of  Ihips  ; 1746,  treatife  on  Ihips,  their  ttrudture  and  mo- 
tions ; on  the  impulfe  of  fluids  upon  the  fore  parts  of 
pyramidoids,  having  their  bafe  a trapezium  ; continu- 
ation of  the  fhort  account  given  in  1744  of  the  voyage  to 
Peru  for  meafuring  the  earth  ; 1 747 , on  a new  conttruc- 
tion  of  the  log,  and  other  inttruments  for  meafuring  the 
run  of  a (hip  ; 1748,  of  the  diameters  of  the  larger  pla- 
nets; the  new  inttrument  called  a heliometeri  proper  for 
determining  them,  with  obfervations  of  the  fun;  obfer- 
vation  of  the  eclipfe  of  the  moon  the  8th  of  Augutt 
1748;  1749,  fecond  memoir  on  aflronomical  refrac- 
tions, obferved  in  the  torrid  zone,  with  remarks  on  the 
manner  of  conflrudting  the  tables  of  them  ; figure  of  the 
earth  determined  by  MM.  Bouguer  and  Condamine, 
with  an  abridgement  of  the  expedition  to  Peru;  1750, 
obfervation  of  the  lunar  eclipfe  of  the  13th  December 
1 750 ; 1 75 1 , on  the  form  of  bodies  mott  proper  to  turn 
about  themfelves,  when  they  are  puttied  by  one  of  their 
extremities,  or  any  other  point ; on  the  moon’s  parallax, 
with  the  eftimation  of  the  changes  caufed  in  the  paral- 
laxes by  the  figure  of  the  earth  ; obfervation  of  the  lu- 
nar eclipfe  the  2d  of  December  1751  ; 1752,  on  the 
operations  made  by  feamen  called  torreSions ; 
obfervation  of  the  palfage  of  Mercury  over  the  fun  the 
6th  of  May  1753  ; on  the  dilatations  of  the  air  in  the 
atmofphere  ; new  treatife  of  navigation,  containing  the 
theory  and  praftice  of  pilotage,  or  working  of  fliips  ; 
1754,  operations.  See.  for  diftinguifhing,  among  the 
different  determinations  of  the  degree  of  the  meridian 
near  Paris,  that  which  ought  to  be  preferred  ; on  the 
diredfion  which  the  flring  of  a plummet  takes ; folution 
of  the  chief  problems  in  the  working  of  ihips;  1755, 
on  the  apparent  magnitude  of  objedts  ; fecond  memoir 
on  the  chief  problems  in  the  working  of  fhips  ; 1757, 
account  of  the  treatife  on  the  working  of  fhips ; on  the 
means  of  meafuring  the  light. 

BOURBON  Co.  in  Kentucky,  between  Licking  and 
Kentucky  rivers,  contains  7837  inhabitants,  including 
908  flaves. — Morse, 


Bourbon,  a poll  town  and  capital  of  the  above  coun-  Bourbon 
ty,  ttands  on  a point  of  land  formed  by  two  of  the  II 
fouthern  branches  of  Licking  River;  22  miles  N.  E. 
of  Lexington,  21  eatterly  of  Lebanon,  and  749  W. 

S.  W.  from  Philadelphia,  and  contains  about  60 
houfes,  a Baptitt  church,  a court-houfe  and  goal. 

There  are  feveral  valuable  mills  in  its  vicinity. — ib. 

BOW,  is  a townfhip  in  Rockingham  co.  New- 
Hampfhire,  on  the  W.  bank  of  Merrimack  River,  a 
little  S.  of  Concord.  It  contains  568  inhabitants. 

— ih. 

BOWDOIN,  a townfiiip  in  Lincoln  co.  Dittridl  of 
Maine,  on  the  N.  eattern  bank  of  Androfeoggin  River  ; 
dittant  from  York,  N.  eatterly,  36  miles,  and  from 
the  mouth  of  Kennebeck  River  6 miles,  and  166  N. 

E.  of  Bofton.  It  contains  983  inhabitants. — ih. 

BOWDOINHAM,  a townfhip  in  Lincoln  co.  dif- 
tridl  of  Maine,  feparated  from  Pownalborough  E.  and 
Woolwich  S.  E.  by  Kennebeck  River.  It  has  455  in- 
habitants, and  lies  171  miles  N.  E.  from  Botton. — ih. 

BOWLING  Green,  a village  in  Virginia,  on  the 
pott  road,  22  miles  S.  of  Frederickfburg,  48  N.  of 
Richmond,  and  25  N.  of  Hanover  court-houfe. — ih. 

BOXFORD,  a fmall  townfiiip  in  Elfex  co.  Maffa- 
chufetts,  having  925  inhabitants.  It  lies  on  the  S.  E. 
fide  of  Merrimack  River,  7 miles  wetterly  of  Newbu- 
ryport.  In  the  fouthernmoft  of  its  two  parilhes  is  a 
bloomery. — ib. 

BOYLSTON,  a townfhip  In  Worcefter  co.  MafTa- 
chufetts,  having  839  inhabitants ; 10  miles  N.  E.  of 
Worcetter,  and  45  N.  W.  of  Botton.  It  was  incorpo- 
rated in  1786,  having  been  a parifli  of  Shrewfbury 
fince  1742;  and  contains  by  furvey,  14,396  acres  of 
land,  well  watered,  and  of  a rich  foil. — ib. 

BRADDOCK’s  Field,  the  place  where  Gen.  Brad- 
dock,  with  the  firtt  divifion  of  his  army,  confitting  of 
1400  men,  fell  into  an  ambufeade  of  400  men,  chiefly 
Indians,  by  whom  he  was  defeated  and  mortally 
wounded,  July  9,  1755.  The  American  militia,  who 
were  difdainfully  turned  in  the  rear,  continued  unbrok- 
en and  ferved  as  a rearguard,  and,  under  Col.  Wafh- 
ington,  the  late  Prefident  of  the  U.  S.  A.  preferved 
the  regulars  from  being  entirely  cut  off.  It  is  fituated 
on  Turtle  Creek,  on  the  N.  E.  bank  of  Monongahela 
River,  6 miles  E.  S.  E.  from  Pittfburg. — ih. 

Braddock’s  Bay,  on  the  S.  fide  of  Lake  Ontario, 

42  miles  W.  from  Great  Sodus,  and  65  E.  from  Fort 
Niagara. — ib. 

BRADFORD,  Eajl  and  Wejl,  are  townfhips  in 
Chefler  co.  Pennfylvania. — ib. 

Bradford,  a townfiiip  in  Effex  co.  Maflachufetts, 
fituated  on  the  S.  fide  of  Merrimack  River,  oppofite 
Haverhill,  and  10  miles  W.  of  Newburyport.  It  has 
two  paritties,  and  1371  inhabitants,  ^amities  of 
leather  fhoes  are  made  here  for  exportation ; and  in 
the  lower  parifli  fome  veffels  are  built.  Several  ftreams 
fall  into  the  Merrimack  from  this  town,  which  fupport 
a number  of  mills  of  various  kinds, — ib. 

Bradford,  a townfhip  in  Hilifborough  co.  New- 
Hampfhire,  containing  217  inhabitants,  incorporated 
in  1760;  20  miles  E.  of  Charlettown. — ib. 

Bradford,  a townfiiip  in  Orange  co.  Vermont,  on 
the  W.  bank  of  Connefticut  River,  about  20  miles 
above  Dartmouth  College,  having  654  inhabitants. 

There  is  a remarkable  ledge  of  rocks  in  this  townfhip, 

as 
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I Braintree  as  much  as  200  feet  high.  It  appears  to  hang  over, 
II  and  threaten  the  traveller  as  he  paffes.  The  fpace  be- 
^read.^  tween  this  ledge  and  Connefticut  River  is  fcarcely  wide 
enough  for  a road. — ib. 

BRAINTREE,  a townfliipin  Orange  co.  Vermont, 
lies  75  miles  N.  eaftward  of  Bennington.  It  joins 
Kingfton  weftward,  Randolph  on  the  eaftward,  and 
contains  221  inhabitants. — ib, 

Braintree,  one  of  the  moft  ancient  townftiips  in 
Norfolk  CO.  in  the  ftate  of  Maftachufetts,  was  fettled 
in  1625,  and  then  called  Mount  Woolajlon,  from  the 
name  of  its  founder.  It  lies  on  a bay,  8 miles  E.  of 
S.  from  Bofton,  and  contained,  before  its  divifion,  400 
houfes  and  2771  inhabitants.  Great  quantities  of 
granite  ftones  are  fent  to  Bofton  from  this  town  for 
fale.  The  bay  abounds  with  fifh  and  fea  fowl,  and 
particularly  brants.  This  town  is  noted  for  having 
produced,  in  former  and  latter  times,  the  firft  charac- 
ters both  in  church  and  ftate ; and,  in  diftant  ages, 
will  derive  no  fmall  degree  of  fame,  for  having  given 
birth  to  John  Adams,  the  firft  Vice-Prefident,  and  the 
fccond  Prefident  of  the  United  States  of  America;  a 
man  highly  diftinguifhed  for  his  patriotifm,  as  a citi- 
zen ; hisjuftice,  integrity,  and  talents,  as  a lawyer; 
his  profound  and  extenfivc  erudition,  as  a writer  ; and 
his  difcernment,  firmnefs,  and  fuccefs,  as  a foreign 
minifter  and  ftatefman. — ib. 

BRANDON,  a harbor  on  the  N.  fide  of  Long 
Ifland,  New-.York,  9 miles  W.  of  Smithtown,  and  the 
fame  diftance  from  Hampftead  Plain. — ib. 

Brandon,  atownftiip  in  Rutland  co.  Vermont,  fitu- 
ated  on  both  fides  of  Otter  Creek,  containing  637  in- 
habitants, and  is  about  60  miles  northerly  from  Ben- 
nington. Here  Brandon  Creek  empties  into  Otter 
Creek  from  the  N.  E. — ib. 

BRANDYWINE  Creek,  falls  into  Chrlftlana  Creek 
from  the  northward,  at  Wilmington,  in  Delaware 
ftate,  about  25  miles  from  its  N.  and  N.  weftern  fourc- 
es,  which  both  rife  in  Chefter  co.  Pennfylvania.  This 
Creek  is  famous  for  a bloody  battle,  fought  Sept,  ii, 
1777,  between  the  Britifh  and  Americans,  which  laft- 
i ^ ed  nearly  the  whole  day,  and  the  latter  were  defeated 
^ J;  with  confiderable  lofs:  but  it  was  far  from  being  of 

•'  that  decifive  kind  which  people  had  been  led  to  cxpefl:, 

in  the  event  of  a meeting  between  the  hoftile  armies, 
on  nearly  equal  terms,  both  as  to  numbers,  and  the 
p nature  of  the  ground  on  which  each  army  was  fituated. 

. It  was  fought  at  Chadds  Ford,  and  in  the  neighbour- 
I hood  of,  and  on,  the  ftrong  grounds  at  Birmingham 

j ’ • church. — ib. 

j ' Brandywine,  a townfliipin  Chefter  co.  Pennfylva- 

||!  nia. — ib. 

■ BRANDFORD,  a townfliip  in  New-Haven  co. 

j,  ' S Connefticut,  confiderable  for  its  iron  works.  It  lies 
i on  the  S.  fide  of  a river  of  the  fame  name,  which  runs 

into  Long  Ifland  found,  10  miles  E.  from  New-Haven, 

I and  40  S.  of  Hartford. — ib. 

BREAD  is  fo  effential  an  article  of  food  that  every 
Ij  iifeful  method  of  making  it  fliould  be  generally  known, 

i Much  has  accordingly  been  faid  on  that  fubjed  (Encycl.) 

i under  the  titles  Baking,  Barm,  Bread,  and  Yeast; 

I but,  fince  the  laft  of  thefe  articles  was  publifhed,  we 

have  feen,  in  Dr  Townfon’s  Travels  in  Hungary,  a me- 
thod of  making  bread  at  Debretzen ; of  which,  as  it 


I 

i 


may  fometimes  be  adopted  wfith  advantage  in  this  coun-  Bread, 
try,  an  account  may,  with  propriety,  be  inferted  here, 

In  the  baking  of  this  bread,  a fubftitute  is  ufed  for 
yeaft,  which  is  thus  made  ; Two  good  handfuls  of 
hops  are  boiled  in  four  quarts  of  water  : this  is  poured 
upon  as  much  wheaten  bran  as  can  be  well  moiftened 
by  it : to  this  are  added  four  or  five  pounds  of  leaven  ; 
when  this  is  only  warm,  the  mafs  is  well  worked  to- 
gether to  mix  the  different  parts.  This  mafs  is  then 
put  in  a warm  place  for  24  hours  ; and  after  that  it  is 
divided  into  fmall  pieces,  about  the  fize  of  a hen’s  egg, 
or  a fmall  orange,  which  are  dried  by  being  placed  up- 
on a board,  and  expofed  to  a dry  air,  but  not  to  the 
fun ; when  dry,  they  are  laid  by  for  ufe,  and  may  be 
kept  a half  year.  This  is  the  ferment ; and  it  may  be 
ufed  in  the  following  manner ; For  a baking  of  fix  large 
loaves,  fix  good  handfuls  ofthefe  balls,  broken  into  frag- 
ments, are  taken  and  diffolved  in  feven  or  eight  quarts 
of  warm  water.  This  is  poured  through  a fieve  into 
one  end  of  the  bread-trough,  and  three  quarts  more  of 
warm  water  are  poured  through  the  fieve  after  it,  and 
what  remains  in  the  fieve  is  well  preffed  out.  This  li- 
quor is  mixed  up  with  fo  much  flour  as  to  form  a mafs 
of  the  fize  of  a large  loaf;  this  is  ftrewed  over  with 
flour  ; the  fieve,  with  its  contents,  is  put  upon  it,  and 
then  the  whole  is  covered  up  warm,  and  left  till  it  has 
rifen  enough,  and  its  furface  has  begun  to  crack  : this 
forms  the  leaven.  Then  15  quarts  of  warm  water,  in 
which  fix  handfuls  of  fait  have  been  diffolved,  are  pour- 
ed through  the  fieve  upon  it,  and  the  neceffary  quantity 
of  flour  is  added,  and  mixed  and  kneaded  with  the  lea- 
ven : this  is  covered  up  warm,  and  left  for  about  an 
hour.  It  is  then  formed  into  loaves,  which  are  kept 
in  a warm  room  half  an  hour  ; and  after  that  they  are 
put  in  the  oven,  where  they  remain  two  or  three  hours, 
according  to  the  fize.  The  great  advantage  of  this 
ferment  is,  that  it  may  be  made  in  great  quantities  at 
a time,  and  kept  for  ufe.  Might  it  not  on  this  ac- 
count be  ufeful  on  board  of  (hips,  and  likewife  for  ar- 
mies when  in  the  field  ? 

Bread,  in  whatever  way  it  is  made,  is  a dear  article, 
and  it  may  be  a definable  objeft  to  many  of  our  readers 
to  know  at  what  price  the  baker  can  afford  to  fell  it. 

This  depends  upon  the  price  of  wheat,  the  quantity  of 
flour  which  the  wheat  may  give,  the  lofs  at  the  mill, 
the  expence  of  grinding,  and  the  expence  of  baking. 

Of  the  price  of  wheat  we  can  fay  nothing  with  pre- 
cifion,  becaufe  it  varies  according  to  the  goodnefs  or 
badnefs  of  the  crop,  and  other  circum fiances ; but  a 
bufhel  of  Effex  wheat,  Winchefter  meafure,  may  be 
taken,  on  an  average,  as  weighing  60  lb.  Sixty  pounds 
of  wheat  will  yield,  exclufive  of  the  lofs  in  grinding 
and  drefting,  43*4  lb.  of  that  kind  of  flour  which  is  cal- 
led feconds ; which  alone  is  ufed,  through  the  greateft 
part  of  England,  for  bread,  and  which  makes,  indeed, 
the  beft  of  all  bread,  though  not  the  whitefi.  A peck 
of  this  flour,  weighing  141b.  will  take  up  between  fix 
and  feven  pints  of  v/ater,  and  give  18  lb.  of  excellent 
bread  ; or  a bufhel  of  flour,  weighing  56  lb.  will  yield 
721b.  of  bread.  The  expence  of  baking  a bufhel  of 
fuch  flour  is,  in  Effex  and  fome  other  Englifh  counties, 
about  ninepence  ; viz.  yeaft,  on  an  average,  twopence 
fait,  before  the  late  tax,  one  halfpenny ; and  baking, 
fixpenc®. 

But 
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Bread.  But  feconih  is  not  all  that  is  got  from  wheat. 

bufhel  of  6olb.  of  wheat  gives,  befides  45-!^  lb.  of  fe- 
conds,  131b.  of  offal,  i.  e.  ai  pollards  and  Iran;  for 
the  utmofl  lofs  in  grinding  and  dreffing  a bufhel  of 
wheat  fhould  not  exceed  i pound  8 ounces.  The  mil- 
lers, indeed,  ufually  reckon  on  tv/o  pounds  of  lofs ; but 
we  can  fay,  with  the  utmeft  confidence,  that  the  ac- 
tual lofs  is  rather  lefs  than  we  have  ftated  it.  A cor- 
refpondent  of  ours,  on  whofe  accuracy  we  can  depend, 
weighed,  in  1795,  two  bufhels,  Winchefter  meafure, 
the  one  of  white  and  the  other  of  red  wheat,  and  found 
the  weight  of  them  both  to  be  122  lb.  This  wheat 
was  ground  by  his  own  fervants,  and  it  yielded  12 im- 
pounds of  meal,  fo  that  there  was  here  but  4- lb.  loft  of 
two  bufliels,  or  of  122  lb.  in  grinding.  He  admits 
that  he  fuffered  the  ftones  to  turn  too  clofe,  and  that 
the  lofs  fhould  therefore  have  been  fomewhat  greater. 
The  meal  was  dreffed,  as  the  wheat  had  been  ground, 
under  his  own  eye  ; and  every  poffible  precaution  being 
taken  to  prevent  his  being  deceived  in  the  refult,  he 
had  of  flour,  or  feconds,  93-4  lb.  and  of  bran  and  pollard 
254  lb.  fo  that  he  loft,  of  two  bufhels,  but  2-4  lb.  both 
in  grinding  and  dreffing.  The  offal,  or  bran  and  pol- 
lard, being  dreffed  in  a bolting  mill,  yielded  as  follows : 

Sharps  - 61b.  ooz. 

Fine  pollard  5 8 

Coarfe  pollard  7 8 

Broad  bran  5 8 

Altogether  24  8 

There  was  loft,  therefore,  in  bolting,  only  one  pound  ; 
and  of  the  fharps,  about  three  pounds,  if  lifted,  would 
have  been  good  flour.  Indeed  were  the  fliarps  and  fine 
pollard  to  be  added  to  the  flour,  the  bread  would,  per- 
haps, be  better,  and  more  wholefome,  than  without 
fuch  addition.  From  thefe  data,  which  we  believe  to 
be  very  accurate,  it  will  be  eafy  to  calculate,  if  the 
price  of  wheat  be  given,  what  fhould  be  the  price  of 
flour  per  bufhel  and  peck,  the  price  of  bread  per  pound, 
and  the  quantity  of  bread  that  fhould  be  fold  for  a 
fhdling. 

It  is  a faift,  however,  which  flnould  be  attended  to, 
that  loaves  are  not  always  of  the  fame  weight,  though 
made  of  equal  quantities  of  the  very  fame  dough.  This 
was  fully  afeertained  fome  years  ago  at  Paris.  On  a 
violent  complaint  that  the  bread  was  not  always  of  the 
fame  ftandard  weight,  the  bakers  of  the  city  were  cal- 
led before  the  police  officers.  They  admitted  the  faifl, 
that  loaves,  baked  at  the  fame  time,  and  in  the  fame 
oven,  were  feldom,  if  ever,  of  the  fame  weight ; but 
they  infifted,  that  they  contained,  each,  the  ftandard 
quantity  of  dough,  and  that  the  variety  of  weight 
among  them  muft  proceed  from  fome  caufe,  which  they 
did  not  pretend  to  afeertain.  The  matter  was  refer- 
red to  the  Royal  Academy  of  Sciences,  which  appoint- 
ed one  of  its  members  to  fuperintend,  for  fome  days, 
the  whole  procefs  of  baking.  This  being  done  it  was 
found,  that,  of  loaves  baked  in  a large  oven,  thofe  v/ere 
alv/ays  heavieft  which  occupied  the  centre  of  the  oven, 
and  that  the  bakers  were  innocent  of  the  crime  with 
v/hich  they  were  charged.  The  fadt,  we  think,  may 
eafily  be  accounted  for.  Even  in  an  oven  there  muft 
be  feme  condenfation  of  fteam  ; and,  from  the  very 
fhape  of  the  oven,  the  greateft  quantity  muft  he  con- 
denfed  tov/ards  the  centre.  Flence  the  loaves  in  ths 
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centre  are  necefiarily  wetter  and  heavier  than  thofe  Bread, 
round  the  circumference,  if  the  plain  of  the  oven  has 
been  equally  heated. 

Bread  of  Rice  might  occafionally  be  of  great  ufe  in 
many  countries  during  a fcarcity  of  wheat ; but  the 
method  of  making  it  is  not  generally  known.  It  is 
indeed  impoffible  to  make  bread  of  the  flour  of  rice, 
w’hich  is  harfli  and  dry  like  fand  or  affies,  by  treating  it 
in  the  manner  in  which  wheat-flour  is  commonly  treat- 
ed ; and  therefore  it  has  been  propofed  to  mix  it  with 
an  equal  quantity  of  the  flour  of  rye.  But  this  me- 
thod of  ufing  the  flour  of  rice  is  a very  uncertain  reme- 
dy in  cafe  of  want;  fince  we  can  have  no  rice  bread 
if  we  have  not  rye.  We  are  taught,  however,  in  the 
yournal  des  Sciences,  des  Letlres,  et  des  Arts,  how  to 
make  excellent  bread  from  rice  alone,  by  a method 
which  the  author  of  the  memoir  fays  he  learned  from 
the  natives  of  America. 

According  to  this  method  of  making  the  wlffied-for 
bread,  the  firft  thing  to  be  done  to  the  rice  is,  to  re- 
duce it  to  flour,  by  grinding  it  in  a mill,  or,  if  we  have 
not  a mill,  it  may  be  done  in  the  following  manner : 

Let  a certain  quantity  of  water  be  heated  in  a fauce- 
pan  or  caldron  ; when  the  water  is  near  boiling,  let  the 
rice  we  mean  to  reduce  into  flour  be  thrown  into  it : 
the  veflel  is  then  to  be  taken  off  the  fire,  and  the  rice 
left  to  foak  till  the  next  morning.  It  will  then  be  found 
at  the  bottom  of  the  water,  which  is  to  be  poured  off, 
and  the  rice  put  to  drain  upon  a table  placed  in  an  in- 
clined pofition.  When  it  is  dry,  it  muft  be  beat  to 
powder,  and  paffed  through  the  fineft  fieve  that  can  be 
procured. 

When  we  have  brought  the  rice  into  flour,  we  muft 
take  as  much  of  it  as  may  be  thought  necelTary,  and 
put  it  into  the  kneading-trough  in  which  bread  is  ge- 
nerally made.  At  the  fame  time  W’e  muft  heat  fome 
water  in  a faucepan  or  other  veffel,  and,  having  thrown 
into  it  fome  handfuls  of  rice,  we  muft  let  them  boil  to- 
gether for  fome  time : the  quantity  of  rice  muft  be 
fuch  as  to  render  the  water  very  thick  and  glutinous. 

When  this  glutinous  matter  is  a little  cooled,  it  muft 
be  poured  upon  the  rice-flour,  and  the  whole  muft  be 
well  kneaded  together,  adding  thereto  a little  fait,  and 
a proper  quantity  of  leaven.  We  are  then  to  cover  the 
dough  with  warm  cloths,  and  to  let  it  ftand  that  it 
may  rife.  During  the  fermentation,  this  pafte  (which, 
w'hen  kneaded,  muft  have  fuch  a proportion  of  flour  as 
to  render  it  pretty  firm)  becomes  fo  foft  and  liquid 
that  it  feems  impoffible  it  ftiould  be  formed  into  bread. 

It  is  now  to  be  treated  as  follows: 

While  the  dough  is  rifing,  the  oven  muft  be  heated : 
and,  when  it  is  of  a proper  degree  of  heat,  we  muft 
take  a ftewpan  of  tin,  or  copper  tinned,  to  which  is 
fixed  a handle  of  fufficient  length  to  reach  to  the  end 
of  the  oven.  A little  water  muft  be  put  into  this  ftew- 
pan, which  muft  then  be  filled  with  the  fermented  pafte, 
and  covered  with  cabbage  or  any  other  large  leaves,  or 
with  a fheet  of  paper.  When  this  is  done,  the  ftew- 
pan is  to  be  put  into  the  oven,  and  pufhed  forward  to 
the  part  where  it  is  intended  the  bread  ffiall  be  baked ; 
it  muft  then  be  quickly  turned  upfide  down.  The 
heat  of  the  oven  afls  upon  the  pafte  in  fuch  a way  as 
to  prevent  its  fpreading,  and  keeps  it  in  the  form  the 
ftewpan  has  given  it. 

In  this  manner  pure  rice-bread  may  be  made ; it 

comes 
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comes  out  of  the  oven  of  a fine  yellow  colour,  like  paf- 
try  which  has  yolk  of  eggs  over  it.  It  is  as  agreeable 
Brewing,  j-^fte  as  to  the  fight ; and  may  be  made  ufe  of, 

like  w'heat-bread,  to  put  into  broth,  &c.  It  rauft,  how- 
ever, be  obferved,  that  it  lofes  its  goodnefs  very  much 
as  it  becomes  ftale. 

It  may  be  here  remarked,  that  the  manner  in  which 
Indian  corn  is  ufed  in  fome  countries,  for  making  bread, 
can  only  produce  (and  does  in  fadt  produce)  very  bad 
dough,  and  of  courfe  very  bad  bread.  To  employ  it 
advantageoufly,  it  Ihould  be  treated  like  rice  ; and  it 
may  then  be  ufed,  not  only  for  making  bread,  but 
alfo  for  paftry. 

BREAKNECK  /////,  oppofite  Butterhill,  at  the 
northern  entrance  of  the  highlands,  in  Hudfon  River, 
about  60  miles  N.  of  New-York.  On  the  S.  fide  of 
this  hill,  about  half  the  diftance  as  you  afcend  it,  the 
rocks  are  fo  fituated  as  to  give  the  fpe.ftator  a tolerable 
idea  of  a human  face,  with  a nofe,  mouth  and  double 
chin,  but  without  a forehead.  On  the  nofe  grows  a 
tree  of  confiderable  fize,  which  has  the  appearance  on- 
ly of  a fhrub. — Morse. 

BREWING  is  an  art  of  vaft  importance,  and  has 
accordingly  been  explained  in  the  Encyclopaedia.  A 
few  improvements,  however,  have  been  made  in  the 
art,  w’hich,  though  not  noticed  in  that  Work,  feem  to 
be  w'orthy  of  general  attention,  and,  therefore,  to  de- 
ferve  a place  in  this  Supplement.  The  firft,  of  which 
w'e  fiiall  give  an  account,  is  an  invention  of  Mr  Wil- 
liam Ker  of  Kerf  eld.,  in  the  county  of  Tweedale,  for 
the  faving  of  hops,  and,  at  the  fame  time,  giving  to 
the  liquor,  whether  ale,  beer,  or  porter,  a fuperior 
flavour  and  quality. 

The  fleam  which  arifes  from  the  boiling  copper  is 
known  to  be  flrongly  impregnated  with  the  eifential 
oil  of  the  hops,  in  which  their  flavour  confifts.  In- 
ftcad,  therefore,  of  allowing  it  to  efcape  and  evaporate, 
as  it  does  in  the  common  mode  of  brewing,  Mr  Ker 
contrives  to  preferve  and  condenfe  it,  by  means  of  a 
winding-pipe  fixed  to  the  copper,  fimilar  to  the  w'orm 
of  a dill,  or  by  a ftraight  pipe  paffing  through  cold 
water,  or  any  other  cooling  medium.  The  oil  and  wa- 
ter, thus  obtained,  are  returned  into  the  tvorts  when 
boiled,  or  the  oil,  after  being  feparated  from  the  water, 
along  with  which  it  had  been  exhaled,  is  returned  into 
the  worts  after  they  are  boiled ; and  the  w’^atery  part, 
w’hich,  after  the  oil  is  feparated,  ftill  continues  impreg- 
nated with  the  aromatic  tafle  and  bitter  of  the  hep,  is 
returned  into  the  next  copper  or  boiling-vcffcl ; and  fo 
on  from  one  copper  or  boiling-veffel  into  another.  By 
this  procefs  a confiderable  part  of  the  hop  and  flavour, 
which  is  loft  in  the  ordinary  mode  of  brewing,  is  pre- 
ferved : the  flavour  of  the  liquor  is  improved  by  the 
prefervation  of  the  finer  parts  of  the  aromatic  oil : and 
the  ale  and  beer  are  better  fecured  from  any  tendency 
to  acidity  or  putrefadlion,  and  therefore  muft  be  fitter 
for  home  confumption  and  exportation.  For  this  in- 
vention, which  is  certainly  Ample,  and  we  think  ra- 
tional, Mr  Ker  obtained  a patent  dated  March  4.  1788. 

On  the  4th  of  June  1790,  Mr  John  Long  of  Long- 
ville,  in  the  county  of  Dublin,  Ireland,  obtained  a pa- 
tent for  an  improvement  in  brewing,  refemblir.g  in  one 
particular,  this  invention  of  Mr  Ker’s.  To  his  inven- 
tion, however,  he  gives  the  name  of  entire  new  me- 


thod, in  all  the  ejfential  parts,  of  brewing  good  malt-li-  Brewing, 
quor ; and  therefore,  as  it  comprehends  the  whole  pro- 
cefs of  brewing,  we  fhalllay  it  before  our  readers  in 
the  words  of  its  author. 

“ I . For  the  better  extracting  from  malt,  place  near  a 
mafh-tun  a lhallow  copper  or  other  veflel  that  will 
readily  heat;  the  cuib  of  which  to  be  on  a level  with 
the  tun,  and  to  contain  from  two  to  fix  hogfheads,  ac- 
cording to  the  dimenfion  of  the  tun,  more  or  lefs ; and, 
at  the  lower  end  of  the  copper,  have  a cock  from  two 
to  five  inches  diameter,  more  or  lefs,  to  conduct  the 
heated  liquor  from  the  copper  into  a tube  which  paf- 
fes  down  the  external  part  of  the  tun,  and  enters  it 
through  an  aperture  about  fix  inches  from  the  bottom  ; 
then  forming  two  revolutions,  more  or  lefs,  through  the 
body  of  the  tun,  and  communicating  its  heat  to  the 
wort  as  it  pafles  through  the  tube  ; and  then,  at  a con- 
venient diftance  from  the  place  it  firtl  entered,  it  runs 
from  the  tun  into  a ciftern  or  tub,  fituate  as  near  as 
convenient  to  the  copper  or  heatlng-veffel.  In  the  tub 
or  ciftern  is  to  be  placed  a pump,  for  the  purpole  of 
conveying  the  cooler  liquor  back  to  the  copper  or  heat- 


ing-veifel  again  ; there  to  receive  the  heat  of  208  de^ 


grees,  more  or  lefs  (which  it  will  require  after  the  firft; 
half-hour),  and  then  convey  it  through  the  raafliing-tun 
as  before,  and  in  the  fame  manner,  as  long  as  the  'work- 
ing brew'er  or  diftiller  may  think  neceflary,  to  raife  the 
mai'hing-tun  to  any  degree  of  heat  required.  By  ad- 
hering to  the  foregoing  procefs,  the  firft  liquor  may, 
with  the  greateft  fafety,  be  let  upon  the  malt  from 
20  to  30  degrees  lower  than  the  prefent  pradlice  ; by 
which  means  it  operates  with  gentlenefs,  opens  and  ex- 
pands the  malt  and  raw  corn,  and  prepares  it  for  the 
reception  of  fliarper  or  warmer  liquor,  fo  as  to  extraeff 
the  w'hole  of  the  faccharine  quality  from  the  malt  and 
raw  corn.  By  the  foregoing  method,  the  mafliing-tun, 
inftead  of  lofmg  its  firft  heat  (which  it  does  by  the 
prefent  pradlice),  continues  to  increafe  in  heat  every 
moment,  by  conveying  the  heated  liquor  through  the 
tube  into  the  tun  ; by  which  means,  at  the  end  of  two 
hours,  the  w'orking  brewer  or  diftiller  can  have  the  tun 
brought  to  any  degree  of  heat  he  fhall  think  bed  fulted 
to  the  different  qualities  of  the  malt  or  raw  corn.  Per- 
fons  who  would  wifli  to  fave  expence,  may  heat  their 
mafhing-tun  at  the  fide  or  bottom  by  a large  piece  of 
metallic  fubftance  made  fire  proof,  and  fixed  therein  ; 
which,  in  fome  degree,  will  anfwer  the  end  propofed, 
but  with  great  trouble  and  delay, 

“ 2.  To  prevent  the  wort  from  receiving  a difagree- 
able  flavour  while  in  the  under-back,  a tube  muft  be 


placed  at  the  cock  of  the  mafhing-tun,  to  receive  the 


wort  as  it  comes  off,  and  convey  it  to  a great  ciftern 
or  refrigeratory,  which  is  fupplied  with  a ft  ream  of 
water.  The  wort,  paffing  through  that  medium  in  a 
fpiral  tube,  foon  Icfcs  that  heat  which  fo  often  proves 
prejudicial  to  the  brewer  and  diftiller  in  warm  w^eather  : 
then  pafs  it  from  the  tube  into  a veffel  in  which  pumps 
are  placed,  to  return  the  worts  into  the  copper  for  the 
purpofe  of  boiling  off.  All  vcffels  for  receiving  the 
cold  wort  muft  be  placed  lower  than  the  fource  whence 
the  wort  comes. 

3.  As  the  great  objeff  of  long  boiling  the  wort  is 
remedied,  by  roy  invention  of  taking  the  extraff  from 
the  hops  in  a feparate  manner  from  the  worts,  I boil 

my 
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my  worts  no  longer  than  from  1 5 to  20  minutes  ; and, 
by  purfuing  that  method,  I fave  much  time  and  fuel, 
and  regulate  my  lengths  accordingly. 

“ 4.  I fteep  my  hops,  the  preceding  day  to  which 
they  are  to  be  ufed,  in  a copper  or  other  veffel,  with 
as  much  fluid,  blood-warm,  as  will  cover  the  hops, 
where  it  is  to  remain  over  a flow  fire  at  leaft  14  hours, 
cloi'e  covered  ; the  copper  at  the  tenth  hour  not  to  be 
of  a greater  heat  than  175  degrees,  continuing  flow  un- 
til the  lail  hour.  Then  I bring  the  copper  gradually 
to  a flrnmer  or  flow  boil ; in  w'hich  ftate  I let  it  remain 
about  10  minutes,  and  then  run  off  the  fluid  ; and  this 
I do  at  the  fame  time  the  firft  wort  is  boiled  off,  that 
they  may  both  pafs  together  through  the  refrigeratory 
into  the  fermentation  or  working-tun.  After  the  fore- 
going operation,  I cover  the  hops  again  with  other  li- 
quor, and  bring  the  copper  to  boil  as  foon  as  conve- 
nient, and  let  it  remain  in  that  ftate  a conflderable 
time,  until  the  fecond  worts  are  boiled  off.  Then  I 
pafs  the  hop-fluid  wdth  the  wort,  the  fame  as  in  the 
firft  inftance  ; and,  if  there  is  a third  wort,  I boil  my 
hops  a third  time  with  fmall  worts  and  pafs  it  off  as 
before  ; by  which  means  I gradually  obtain  the  whole 
of  the  effential  oil  and  pleafing  bitter  from  the  hops, 
which  is  effedtually  preferved  in  the  beer. 

“ 5.  To  cool  worts.  When  the  wort  is  boiled  off, 
it  is  condufled  from  the  cock  of  the  copper  or  boiler 
into  a tube  of  a proper  dimenfion,  w'hich  paffes  the 
wort  from  the  cock  to  the  large  ciftern  or  refrigeratory, 
and  there  performs  feveral  revolutions,  in  afpiral  man- 
ner, through  the  fame  tube  ; w^hich  is  immerfed  in  con- 
ftant  fupply  of  cold  water,  where  it  lofes  the  greateft 
part  of  its  heat  in  a fliort  time,  and  thence  continues  a 
fti'aight  courfe  through  the  tube,  a little  elevated  and 
of  a fuitable.  length,  placed  in  brick  work,  until  it  meets 
a finall  refrigeratory,  fupplied  with  colder  water  from  a 
refervoir  made  for  that  purpofe  at  the  head  of  the 
wmrks  ; whence  a continual  ftream  runs  on  the  furface 
of  the  tube  down  to  the  great  refrigeratory,  cooling  the 
wort  as  it  paffes,  in  order  to  enable  the  working  brew- 
er or  diftiller  to  fend  it  into  the  backs  or  working-tuns 
at  whatever  degree  of  heat  he  fhall  think  proper. 
There  is  no  other  difference  between  brewer  and  diftiller 
in  this  prccefs,  but  that  the  diftiller  immediately  paifes 
the  ftrong  wort  fro?n  the  niafhing-tun  to  the  back, 
through  ihe  fame  machinery  above  inferred,  and  the 
tubes  may  be  made  of  lead,  or  any  other  metallic  fub- 
Itance. 

“ 6.  To  enable  me  to  brew  in  the  warm  fummer 
months,  I fink  rny  backs  or  working  tuns  at  leaft  to  a 
level  W'ith  the  ground,  but  if  deeper  the  better,  and 
cover  them  ciofely  by  an  arch  made  of  bricks,  or  other 
materials,  that  will  totally  e.\clude  the  atmofpheric  air 
from  them.  I place  them  as  near  as  poflible  to  a 
fpring  or  fand-di  ain,  as  their  depth  will  naturally  draw 
the  water  thence,  which  muft  be  fo  contrived  as  to  pafs 
or  flow  round  the  backs  or  tuns.  I then  introduce  a 
large  tube,  which  paffes  through  the  tuns,  and  keeps 
the  wort  feveral  degrees  lower  than  can  poflibly  be 
dene  by  the  prefent  praflice ; by  which  means  1 can 
produce  a complete  fermentation  even  in  the  dog-days. 

“ 7.  In  cold  or  frofty  weather,  if  the  tun  and  backs 
fiiould  lofe  the  firft  heat,  intended  to  carry  it  through 
the  procefs  by  the  foregoing  method,  you  may  convey 
a fupply  of  warm  or  boiling  water  by  the  tube,  which 


paffes  through  the  body  of  the  backs  or  tun,  communh 
eating  its  heat,  which  rifes  to  any  degree  the  working 
brewer  fhall  think  proper : by  purfuing  this  method,  in 
the  coldeft  feafon,  I never  want  a fermentation.’’ 

We  regret  that  we  cannot  with  propriety  ftate  to 
our  readers,  under  this  article,  a fummary  of  Mr  Rich- 
ardfon  of  Hull's  Philofophieal  Principles  of  Brenuing ; 
for  as  the  author  has  a new  edition  of  his  work  in  the 
prefs,  it  is  our  duty  rather  to  refer  to  it,  than  to  quote 
from  a former  edition,  which  contains  not  his  laft  im- 
provements.  See  Fermentation  and  Malt,  in  this 
Supplement. 

BRIAR  Creek,  a water  of  Savannah  River,  in  Geor- 
gia. Its  mouth  is  about  50  miles  S.  E.  by  S.  from 
Augufta,  and  55  N.  wefterly  from  Savannah.  Flere 
Gen.  Prevoft  defeated  a party  of  2000  Americans,  un- 
der Gen.  Alh,  May  3,  1779;  they  had  above  300 
killed  and  taken,  befides  a great  number  drowned  in 
the  river  and  fwamps.  The  whole  artillery,  bag- 
gage and  ftores  were  taken. — Morse. 

BRIDEALE.  See  Scotale  in  this  Supplement. 

BRIDGE.  See  that  article  (EncycL),  and  Arch 
in  this  Supplement.  A nvooden-hx\dgt,  of  large  fpan, 
fliould  be  conftrufted  on  the  principles  explained  under 
the  title  Roof  (EncycL)  See  alfo  Centre  (SuppL) 

BRIDGETOWN,  in  Cumberland  co.  diftrifl:  of 
Maine,  having  Hebron  on  the  N.  W.  and  Bakerftown 
(on  the  W.  fide  of  Androfeoggin  River,)  on  the  S.  E. 
which  three  fettlements  lie  on  the  northern  fide  of  Little 
Androfeoggin  River.  It  contains  329  inhabitants  and 
lies  34  miles  N.  by  N.  W.  from  Portland  ; and  156 
N.  E.  from  Bofton.  Bridgetown  confifts  of  large  hills 
and  vallies : the  highland  affords  red  oak,  which  are 
often  three  feet  and  fometimes  four,  in  diameter  ; and 
60  or  70  feet  without  any  branches.  The  vallies  are 
covered  with  rock  maple,  bafs,  afh,  birch,  pine,  and 
hemlock.  There  is  a curiofity  to  be  feen  in  Long 
Pond,  which  lies  moftly  in  Bridgetown,  which  may 
afford  matter  of  fpeculation  to  the  natural  philofopher. 

On  the  eafterly  fide  of  the  pond  is  a cove  which  ex- 
tends about  too  rods  farther  E.  than  the  general  courfe 
of  the  fhore,  the  bottom  is  clay,  and  fo  flioal  that  a 
man  may  wade  50  rods  into  the  pond.  On  the  bot- 
tom of  this  cove  are  ftones  of  various  fizes,  which,  it 
is  evident  from  various  circumftances,  have  an  annual 
motion  towards  the  Ihore  ■,  the  proof  of  this  is  the  mark 
or  track  left  behind  them,  and  the  bodies  of  clay  dri- 
ven. up  before  them.  Some  of  thefe  flones  are  2 or  3 
tons  weight,  and  have  left  a track  of  feveral  rods  be- 
hind them  ; having  at  leaft  a common  cart-load  of  clay 
before  them.  The  (hore  of  the  cove  is  lined  with  thefe 
ftones,  which,  it  would  feem,  have  crawled  out  of  the 
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water. — Morse. 

Bridgetown,  Cum.berland  county,  New-Jerfey,  lies 
on  both  fides  Cohanzie  Creek,  20  miles  from  its  mouth  ; 
and  veffels  of  too  tons  can  come  up  here.  It  has  about 
50  houfes,  and  a brifle  trade.  Another  Bridgetown  is 
on  the  great  flage  mad,  between  Philadelphia  and 
New-York,  6 miles  W.  of  Elizabeth  town. — ib. 

Bridgetown,  a poll  to'wn  in  Queen  Annes  co. 
Maryland,  lies  on  the  weftern  fide  of  Tuckahoe  Creek, 
8 miles  E.  from  Centreville,  as  far  S.  E.  from  Church 
Hill,  and  65  S.  W.  from  Philadelphia. 

Alfo  the  name  of  a town  in  Kent  co.  in  the  fame 
ftate,  fituated  on  the  N.  bank  of  Chefter  River,  (which 
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Bridge-  feparates  this  county  from  that  of  Ann)  7 miles  S.  E. 
water  from  Crofs  Roads  ; and  4 foutherly  from  Newmarket. 
JL  — Morse. 

BRIDGEWATER,  a townfliip  in  Grafton  co. 
New-Hampfliire,  incorporated  in  1769,  and  contains 
281  inhabitants. — ih. 

Bridgewater,  a townfliip  in  Somerfet  co.  New- 
Jerfey,  which  contains  2,578  inhabitants,  including  377 
flaves. — ih. 

Bridgewater,  a confiderablc  townfliip  in  Plymouth 
CO.  Maflachufetts,  containing  4975  inhabitants  ; 5 miles 
N.  E.  from  Raynham  ; about  30  miles  E.  of  S.  from 
Bofton,  in  which  large  quantities  of  hard  ware,  nails, 
&c.  are  manufadured. — ih. 

Bridgewater,  a townlhip  in  Windfor  co.  Vermont, 
about  55  miles  N.  E.  of  Bennington,  containing  293 
inhabitants. — ih. 

BRIDPORT,  a townfliip  in  Addifon  co.  Vermont, 
on  the  E.  fhore  of  Lake  Champlain;  about  72  miles 
N.  N.  W.  from  Bennington.  It  has  449  inhabitants. 
— ib. 

BRIMFIELD,  a townfliip  in  Hampfliire  co.  Mafla- 
chufetts,  fituated  E.  of  Connedicut  River  ; having 
12 1 1 inhabitants;  34  mile.s  S.  E.  of  Northampton, 
and  75  W.  of  Bofton. — ib. 

BRINDLEY  (James),  was  born  at  Tunfted,  in 
the  parifh  of  Wormhill,  Derbyfhire,  in  1716.  His  fa- 
ther was  a fmall  freeholder,  who  diflipated  his  property 
in  company  and  field  amufements,  and  negleded  his  fa- 
mily. In  confequence,  young  Brindley  was  left  defti- 
tute  of  even  the  common  rudiments  of  education,  and 
till  the  age  of  17  was  cafually  employed  in  ruftic  la- 
bours. At  that  period  he  bound  himfelf  apprentice  to 
one  Bennet,  a mill-wright  at  Macclesfield,  in  Chefliire, 
where  his  mechanical  genius  prefently  developed  itfelf. 
The  mafter  being  frequently  abfent,  the  apprentice  was 
often  left  for  weeks  together  to  finifti  pieces  of  works 
concerning  which  he  had  received  no  inftrudion ; and 
Bennet,  on  his  return,  was  often  greatly  aftoniflied  to 
fee  improvements  in  various  parts  of  mechanifm,  of 
which  he  had  no  previous  conception.  It  was  not  long 
before  the  millers  difeovered  Brindley’s  merits,  and 
preferred  him  in  the  execution  of  their  orders  to  the 
mafter  or  any  other  workman.  At  the  expiration  of 
-his  fervitude,  Bennet  being  grown  into  years,  he  took 
the  management  of  the  bufinefs  upon  himfelf,  and  by 
his  fkill  and  induftry  contributed  to  fupport  his  old 
mafter  and  his  family  in  a comfortable  manner. 

In  procefs  of  time  Brindley  fet  up  as  a mill-wright 
■ on  his  own  account ; and  by  a number  of  new  and  in- 
genious contrivances  greatly  improved  that  brancji  of 
mechanics,  and  acquired  a high  reputation  in  the  neigh- 
bourhood. His  fame  extending  to  a wider  circle,  he 
was  employed,  in  1752,  to  ere(ft  a water-engine  at  Clif- 
ton, in  Lancafhire,  for  the  purpofe  of  draining  fome 
coal  mines.  Here  he  gave  an  eflay  of  his  abilities  in  a 
kind  of  work  for  which  he  was  afterwards  fo  much 
diftinguiftied,  driving  a tunnel  under  ground  through  a 
rock  nearly  600  yards  in  length,  by  which  water  was 
brought  out  of  the  Irwell  for  the  purpofe  of  turning  a 
wheel  fixed  30  feet  below  the  furface  of  the  earth.  In 
1755  he  w'as  employed  to  execute  the  larger  wheels  for 
a filk  mill  at  Congleton  ; and  another  perfon,  who  was 
engaged  to  make  other  parts  of  the  machinery,  and  to 
fuperintend  the  whole,  proving  incapable  of  completing 
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the  work,  the  bufinefs  was  entirely  committed  to  Brind- 
ley ; who  not  only  executed  the  original  plan  in  a maf- 
terly  manner,  but  made  the  addition  of  many  curious 
and  valuable  improvements,  as  well  in  the  conftruction 
of  the  engine  itfelf,  as  in  the  method  of  making  the 
wheels  and  pinions  belonging  tq  it.  About  this  time, 
too,  the  mills  for  grinding  flints  in  the  Staffordfliir® 
potteries  received  various  ufeful  improvements  from 
his  ingenuity. 

In  the  year  1756  he  undertook  to  ered  a fteam  en- 
gine, upon  a new  plan,  at  Newcaftle-under-Line ; and 
he  was,  for  a time,  very  intent  upon  a variety  of  con- 
trivances for  improving  this  ufeful  piece  of  mechanifm. 
But  from  thefe  defigns  he  was,  happily  for  the  public, 
called  away  to  take  the  lead  in  what  the  event  has  pro- 
ved to  be  a national  concern  of  capital  importance — the 
projedtlng  the  fyftem  of  canal  navigation.  The  Duke 
of  Bridgewater,  who  had  formed  his  defign  of  carrying 
a canal  from  his  coal-works  at  Worfley  to  Manchefter, 
was  induced  by  the  reputation  of  Mr  Brindley  to  confult 
him  on  the  execution  of  it ; and  having  the  fagacity 
to  perceive,  and  ftrength  of  mind  to  confide  in,  the  ori- 
ginal and  commanding  abilities  of  this  felf-taught  ge- 
nius, he  committed  to  him  the  management  of  the  ar- 
duous undertaking.  The  nature  of  this  enterprife  has 
already  been  deferibed  (Encycl.  vol.  IV.  p.  80)  ; it  is 
enough  here  to  mention,  that  Mr  Brindley,  from  the 
very  firft,  adopted  thofe  leading  principles,  in  the  pro- 
jecting of  thefe  works,  which  he  ever  after  adhered  to, 
and  in  which  he  has  been  imitated  by  all  fucceeding 
artifts.  To  preferve  as  much  as  polTible  the  level  of  his 
canals,  and  to  avoid  the  mixture  and  interference  of  all 
natural  ftreams,  were  objeCls  at  which  he  conftantly 
aimed.  To  accomplifti  thefe,  no  labour  or  expence 
was  fpared  ; and  his  genius  feemed  to  delight  in  over- 
coming all  obftacles  by  the  difeovery  of  new  and  ex- 
traordinary contrivances. 

The  moft  experienced  engineers  upon  former  fyftems 
were  amazed  and  confounded  at  his  projects  of  aque- 
duct bridges  over  navigable  rivers,  mounds  acrofs  deep 
valleys,  and  fubterraneous  tunnels ; nor  could  they  be- 
lieve in  the  practicability  of  fome  of  thefe  fchames  till 
they  faw  them  effected.  In  the  execution,  the  ideas 
he  followed  were  all  his  own  ; and  the  minuteft,  as  well 
as  the  greateft,  of  the  expedients  he  employed,  bore  the 
ftamp  of  originality.  Every  man  of  genius  is  an  en- 
thufiaft.  Mr  Brindley  was  an  enthufiaft  in  favour  of 
the  fuperiority  of  canal  navigations  above  thofe  of  ri- 
vers ; and  this  triumph  of  art  over  nature  led  him  tO 
view  with  a fort  of  contempt  the  winding  ftream,  in 
which  the  lover  of  rural  beauty  fo  much  delights.  This 
fentiment  he  is  faid  to  have  exprefled  in  a ftriking  man- 
ner at  an  examination  before  a committee  of  the  Houfe 
of  Commons,  when,  on  being  afked,  after  having  made 
fome  contemptuous  remarks  relative  to  rivers,  what  he 
conceived  they  were  created  for  ? he  anfwered,  “ to 
feed  navigable  canals.”  A direCf  rivalry  with  the  navi- 
gation of  the  Irwell  and  Merfey  was  the  bold  enter- 
prize  of  his  firft  great  canal ; and  fince  the  fuccefs  of 
that  defign,  it  has  become  common,  all  over  the  king- 
dom, to  fee  canals  accompanying,  with  infulting  paral- 
lel, the  courfe  of  navigable  rivers. 

After  the  fuccefsful  execution  of  the  Duke  of  Bridge- 
water’s canal  to  the  Merfey,  Mr  Brindley  was  employ- 
ed-in the  revived  defign  of  carrying  a canal  from  that 

X river 


Briafllo . 


B R I C 150  ] B R I 


Brindley,  river  to  the  Trent,  through  the  counties  of  Chefter  and 
Stafford.  This  undertaking  commenced  in  the  year 
1766  ; and  from  the  great  ideas  it  opened  to  the  mind 
of  its  condudtor,  of  a fcheme  of  inland  navigation  which 
Ihould  connect  all  the  internal  parts  of  England  with 
each  other,  and  with  the  principal  fea-ports,  by  means 
of  branches  from  this  main  ftem,  he  gave  it  the  empha- 
tical  name  of  the  grand  trunk.  In  executing  this,  he 
was  called  upon  to  employ  all  the  refources  of  his  in- 
vention, on  account  of  the  inequality  and  various  na- 
ture of  the  ground  to  be  cut  through:  in  particular, 
the  hill  of  Harecaftle,  which  was  only  to  be  palled  by 
a tunnel  of  great  length,  bored  through  flrata  of  dif- 
ferent confilfency,  and  fome  of  them  mere  quickfand, 
proved  to  be  a mofl  difficult,  as  well  as  expenfive, 
obllacle,  which,  how'ever,  he  completely  furmounted. 
While  this  was  carrying  on,  a branch  from  the  grand 
trunk,  to  join  the  Severn  near  Bewdley,  was  committed 
to  his  management,  and  was  finifhed  in  1772.  He  alfo 
executed  a canal  from  Droitwich  to  the  Severn ; and 
he  planned  the  Coventry  canal,  and  for  fome  time  fu- 
perintended  its  execution  ; but  on  account  of  fome  dif- 
ference in  opinion  he  refigned  that  office.  The  Chef- 
terfieid  canal  was  the  laft  undertaking  of  the  kind  which 
he  conduced,  but  he  only  lived  to  finifh  fome  miles  of 
it.  There  was,  however,  fcarcely  any  dcfign  of  canal- 
navigation  fet  on  foot  in  the  kingdom,  during  the  lat- 
ter years  of  his  life.  In  which  he  was  not  confulted, 
and  the  plan  of  which  he  did  not  either  entirely  form, 
or  revile  and  improve.  All  thefe  it  Is  needlefs  to  enu- 
merate ; but,  as  an  inftance  of  the  vaftnefs  of  his  ideas, 
it  may  be  mentioned,  that,  on  planning  a canal  from  Li- 
verpool to  join  that  of  the  duke  of  Bridgewater  at 
Runcorn,  it  was  part  of  his  intention  to  carry  it,  by  an 
aquedudt  bridge,  acrofs  the  Merfey,  at  Runcorn  Gap, 
a place  where  a tide,  fometimes  rifing  fourteen  feet, 
rufhes  with  great  rapidity  through  a ludden  contraction 
of  the  channel.  As  a mechanic  and  engineer,  he  was 
likewife  confulted  on  other  occafions ; as  with  refpeCt 
to  the  draining  of  the  low  lands  in  different  parts  of  Lin- 
colnflrire  and  the  Ifle  of  Ely,  and  to  the  cleanfing  of 
the  docks  of  Liverpool  from  mud.  He  pointed  out  a 
method,  which  has  been  fuccefsfully  practifed,  of  build- 
ing fea-walls  without  mortar  ; and  he  was  the  author 
of  a very  ingenious  improvement  of  the  machine  for 
drawing  water  out  of  mines  by  the  contrivance  of  a lo- 
ling  and  a gaining  bucket. 

d’he  inteniity  of  application  which  all  his  various  and 
complicated  employments  required,  probably  fliortened 
his  days;  as  the  number  of  his  undertakings,  in  fome 
degree,  impaired  his  ufefulnefs.  He  fell  into  a kind  of 
chronic  fever,  which,  after  continuing  fome  years,  with 
little  intermiffion,  at  length  wore  out  his  frame,  and 
put  a period  to  his  life  on  September  27.  1772,  in  the 
56th  year  of  his  age.  He  died  at  Tunhurlt,  in  Staf- 
fordfhire,  and  was  burled  at  New'  Chapel  in  the  fame 
county. 

In  appearance'  and  manners,  as  well  as  in  acquire- 
ment, Mr  Brindley  was  a mere  peafant.  Unlettered, 
and  rude  of  fpeech,  it  was  eafier  for  him  to  devife 
means  for  executing  a defign  than  to  communicate  his 
ideas  concerning  it  to  others.  Formed  by  nature  for 
the  profeffion  he  affumed,  it  was  there  alone  that  he 
was  in  his  proper  element ; and  fo  occupied  was  his 
mind  with  his  bufmefs,  that  he  was  incapable  of  relax- 


ing In  any  of  the  common  amufements  of  life.  As  he  ^ Erlndlcy 
had  not  the  ideas  of  other  men  to  aflifl  him,  whenever  .11 
a point  of  difficulty  in  contrivance  occurred,  it  was  his 
cuftom  to  retire  to  his  bed,  where,  in  perfect  folitude, 
he  would  lie  for  one,  two,  or  three  days,  pondering  the 
matter  in  his  mind  till  the  requifite  expedient  had  pre- 
fented  itfelf.  This  is  that  true  infpiration  which  poets 
have  almoil  excluiively  arrogated  to  themfelves,  but 
which  men  of  original  genius  in  every  w'alk  are  afluat- 
ed  by,  when,  from  the  operation  of  the  mind  ading 
upon  itfelf,  without  the  intrulion  of  foreign  notions, 
they  create  and  invent. 

A remarkably  retentive  memory  was  one  of  the  ef- 
fential  qualities  which  Mr  Brindley  brought  to  his  men-, 
tal  operations.  This  enabled  him  to  execute  all  the 
parts  of  the  moft  complex  machine  in  due  order,  with- 
out any  help  of  models  or  drawings,  provided  he  had 
once  accurately  fettled  the  whole  plan  in  his  mind.  In 
his  calculations  of  the  powers  of  machines,  he  followed 
a plan  peculiar  to  himfelf ; but,  indeed,  the  only  one 
he  could  follow  without  inllrudfion  in  the  rules  of  art. 

He  would  work  the  queftion  feme  time  in  his  head, 
and  then  fet  down  the  refult  in  figures.  Then  taking 
it  up  in  this  ftage,  he  would  again  proceed  by  a mental; 
operation  to  another  refult ; and  thus  he  would  go  on 
by  ftages  till  the  whole  was  finifhed,  only  making  ufe 
of  figures  to  mark  the  feveral  refults  of  his  operations. 

But  though,  by  the  wonderful  powers  of  native  genius, 
he  was  thus  enabled  to  get  over  his  want  of  artificial 
method  to  a certain  degree,  yet  there  is  no  doubt  that 
when  his  concerns  became  extremely  complicated,  with 
accounts  of  various  kinds  to  keep,  and  calculations  of 
all  forts  to  form,  he  could  not  avoid  that  perplexity 
and  embarraflment  w'hich  a readinefs  in  the  proceffes 
carried  on  by  pen  and  paper  can  alone  obviate.  His 
eftimates  of  expence  have  generally  proved  wide  of  rea- 
lity ; and  he  feems  to  have  been  better  qualified  to  be 
the  contriver,  than  the  manager,  of  a great  defign.  His 
moral  qualities  were,  however,  highly  refpedlable.  He 
was  far  above  envy  and  jealoufy,  and  freely  communi- 
cated his  improvements  to  perfons  capable  of  receiving 
and  executing  them  ; taking  a liberal  fatisfaftion  in 
forming  a new  generation  of  engineers  able  to  proceed 
with  the  great  plans  in  the  fuccefs  of  which  he  was  fo 
deeply  interefted.  His  integrity  and  regard  to  the  ad- 
vantage of  his  employers  were  unimpeachable.  In  fine, 
the  name  of  Brindley  will  ever  keep  a place  among  that 
fmall  number  of  mankind  who  form  eras  in  the  art  or 
fcience  to  which  they  devote  themfelves,  by  a large  and 
durable  extenfion  of  its  limits. 

BRISSOr  (J.  P.),  adted  fo  confpicuous  a part  in 
the  French  revolution,  that  a fiiir  detail  of  the  principal 
events  of  his  life  would  undoubtedly  be  acceptable  to  all 
our  readers.  A fair  detail,  however,  of  luch  a life,  we 
believe  it  impoffible  at  prefent  to  give ; for  chara^ers 
like  BrilTot’s  are  alraoft  always  milreprefented  both  by 
their  friends  and  by  their  enemies  ; and  till  the  troubles 
which  they  have  excited,  or  in  which  they  have  been 
engaged,  Jiave  long  fubfided,  the  impartial  truth  is  no- 
w'here  to  be  found. 

In  a fulfome  panegpic,  under  the  denomination  of 
The  Life  of  J.  P.  Brffot^  laid  to  be  written  by  himfelf, 
we  are  told,  that  he  was  born  January  14,  1754,  and 
that  his  father  was  a traiteur,  or  “ the  keeper  of  an. 
eating-houfe,”  but  in  what  place  we  are  not  informed. 
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Briflot.  Our  author,  however,  affiires  us,  that  the  old  man  was 
in  eafy  circumftances,  and  that  he  employed  all  the 
means  refulting  from  them  to  give  to  his  numerous  fa- 
mily a good  education.  The  fubjedt  of  this  memoir 
was  intended  for  the  bar ; but  not  relifhing  the  ftudies 
neceflary  to  fit  him  for  the  profeffion  of  the  law,  or,  if 
we  choofe  to  believe  him,  having  a mind  loo  pure  and 
upright  for  the  ftudy  of  chicane.,  he  relinquiflied  the  pur- 
fuit  after  five  years  of  drudgery ! 

To  relieve  his  wearinefs  and  difguft,  he  applied  him- 
felf,  he  fays,  to  literature  and  the  fciences.  The  ftudy 
of  the  languages  was  above  all  others  his  favourite  pur- 
fuit.  Chance  brought  him  acquainted  with  two  Eng- 
lilhmen  on  their  travels  through  France  : he  learned 
their  language;  and  this  circumftance,  be  tells  us,  de- 
cided his  fate. 

“ It  was  at  the  commencement  of  my  paffion  for 
that  language  (continues  he)  that  I made  the  meta- 
morphofis  of  a diphthong  in  my  name,  which  has  fince 
been  imputed  to  me  as  fo  heinous  a crime.  Born  the 
thirteenth  child  of  my  family,  and  the  fecond  of  my 
brothers  in  it,  I bore,  for  the  fake  of  diftincHon,  ac- 
cording to  the  cuftom  of  Beauce,  the  name  of  a village 
in  which  my  father  pofteffed  fome  landed  property. 
This  village  was  called  Ouarville,  and  Ouarville  became 
the  name  by  which  I was  known  in  my  own  country. 
A fancy  ftruck  me  that  I would  caft  an  Englilh  air  up- 
on my  name  : and  accordingly  I fubftituted,  in  the  place 
of  the  French  diphthong  ou,  the  nu  of  the  Engllfti, 
which  has  precifely  the  fame  found."  For  this  puer- 
ile affedation,  which  was  certainly  not  criminal,  he 
juftifies  himfelf  by  the  example  of  the  literati  of  the 
1 6th  and  17th  centuries,  who  made  no  fcruple  of  Gre- 
cifing  and  Latinifing  their  appellatives. 

Having  profecuted  his  ftudies  for  two  years,  he  had 
an  application  from  the  Englifti  proprietor  of  a paper 
then  much  in  circulation,  and  intitled  Le  Courier  de 
V Europe.  This  man  having  drawn  upon  himfelf  an  at- 
tack from  government,  felt  and  yielded  to  the  neceffity 
of  printing  his  paper  at  Boulogne-fur-mer.  It  was  his 
wifti  to  render  it  interefting  to  the  French  in  the  depart- 
ment of  mifcellaneous  intelligence  ; which  he  therefore 
wifhed  to  fubmit  tothefuperintendencyand  arrangement 
of  Briflot,  who  reprefents  himfelf  as  for  fome  moments 
hefitating.  The  profeffion  of  a journalift,  fubjeCl:  to  a li- 
cenfer,  was  repugnant  to  his  principles  ; yet  it  fecured 
his  independence,  and  put  into  his  power  the  means  of 
profecuting  an  inveftigation  of  conftitutions  and  of  the 
fciences.  After  fome  ridiculous  reafoning  from  the  ori- 
ginal ftations  of  Bayle,  Pojiel,  and  RouJJ'eau,  he  at  laft 
accepted  of  the  employment,  and  became  enamoured 
of  it,  “ becauie  (fays  he)  it  enabled  me  to  ferve  talents 
and  virtue,  and,  as  it  were,  to  inoculate  the  French  with 
the  principles  of  the  Englifh  conftitution. 

This  employment,  however,  did  not  laft  for  any 
length  of  time.  The  plan  of  the  proprietor  of  the  Cou- 
rier was  overthrown  by  adminiftration,  and  BriflTot  quit- 
ted Boulogne  to  return  to  his  firft  ftudies.  Having  in- 
formed us  of  this  fadl,  he  makes  an  extravagant  pre- 
tence to  unfullied  virtue,  and  calls  upon  the  inhabitants 
of  the  city  which  he  had  left  to  bear  witnefs,  not  only 
that  he  had  no  vices,  but  that  he  had  not  even  the  feeds 
of  any  one  of  the  vices  which  his  adverfaries,  it  feems, 
had  laid  to  his  charge. 
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“ Doubtlefs  (fays  he),  too  eager  to  publifli  my  ideas.  Bn 
I conceived  that  the  proper  moment  had  arrived,  and  I 
felt  an  inclination  to  commence  with  an  important  work! 
Revolting,  from  the  very  inftant  of  my  beginning  to  re- 
fledf,  againft  religious  and  political  tyranny,  I folemnly 
protefted,  that  thenceforward  I would  confecrate  my 
whole  life  to  their  extirpation.  Religious  tyranny  had 
fallen  under  the  redoubled  ftrokes  of  Roufleau,  of  Vol- 
taire, of  Diderot,  and  of  D’Alembert.  It  became  ne- 
ceflary to  attack  the  fecond  and  this  was  a talk 
which  the  vanity  of  Briftot  led  him  to  confider  as  re- 
ferved  for  him. 

What  Voltaire  and  his  friends  meant  by  religious  ty- 
ranny, and  how  they  conduced  their  attacks  againft  it, 
are  matters,  alas ! too  well  known  to  all  Europe  ; and 
as  our  author  chofe  thefe  philofophers  for  his  guides, 
we  might  infer,  without  much  degree  of  miftake,  what 
he  underftood  by  political  tyranny,  and  by  what  means 
he  meditated  its  extirpation.  But  he  has  not  left  us 
to  make  this  difeovery  by  inference. 

“ It  became  neceflary  (fays  he)  to  break  in  pieces 
the  political  idol,  which  under  the  name  of  monarchy, 
pradifed  the  moft  violent  defpotifm ; but  to  attack  it 
openly,  was  to  expofe  the  alfailant  without  the  poffibi- 
lity  of  ferving  mankind.  It  was  by  a fide  blow  that  it 
W'as  to  be  wounded  moft  effectually  and  therefore  he 
refolved  to  begin  his  operations  by  attacking  fome  of 
thofe  abufes  which  might  be  reformed  without  apparent- 
ly ftiaking  the  authority  of  the  prince. 

Our  readers,  at  leaft  the  fober  part  of  them,  will  pro- 
bably think,  that  this  mode  of  attack  is  not  peculiar  to 
Briflot,  but  that  it  has  been  praClIfed,  or  attempted  to 
be  put  in  praftice,  by  afpiring  demagogues  in  all  ages 
and  countries,  who  have  uniformly  begun  their  career 
of  innovation  by  exciting  the  public  mind  againft  thofe 
abufes  in  government,  of  which  the  exiftence  cannot 
wholly  be  denied.  The  fubjeCl  to  which  our  author 
thought  fit  to  call  the  attention  of  his  countrymen,  was 
the  criminal  jurifprudence  : a fubjed,  fays  he,  which, 
with  the  exception  of  fome  particulars  that  had  been 
fuccefsfully  inveftigated  by  Beccaria  and  Servan,  no 
writer  had  thoroughly  confidered  in  a philofophical  point 
of  view.  Thinking  himfelf  fully  equal  to  this  talk,  he 
drew  up  a general  plan;  and  in  the  year  1780  publifti- 
ed  his  Theory  of  Criminal  Laws,  in  two  vols  8vo.  This 
work,  favourably  received  by  foreigners,  applauded  by 
fome  journalifts,  and  pulled  to  pieces  by  others,  procur- 
ed him  the  friendfhip  of  the  w'armeft  advocates  for  hu- 
man liberty,  In  whofe  opinion  the  defeds  of  his  plan 
w'ere  highly  pardonable,  on  account  of  the  energy  con- 
fpicuous  in  his  remarks.  This  publication  was  foon 
followed  by  two  difcouifes  which  gained  the  prize  in 
1782  at  the  Academy  of  Chalons-fur-Marne ; the  one 
upon  the  reform  of  the  criminal  laws,  and  the  other 
on  the  reparation  due  to  innocent  perfons  unjuftly 
accufed. 

It  is  natural  to  fuppofe  that  the  government  beheld 
with  an  evil  eye  thefe  writings,  which,  under  pretext 
of  dragging  into  light  the  abufes  of  the  criminal  laws, 
infumated  dangerous  principles  on  the  nature  of  go- 
vernment in  general. 

His  next  work  was  intitled,  A Philofophical  Library 
of  the  Criminal  Laws,  in  lo  vols;  the  true  objed  of 
which  was  to  difleminate  in  France  thofe  principles  of 
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liberty  which  guided  the  Englifh  and  the  Americans  in 
framing  and  expounding  their  laws. 

But  the  ftudy  of  legiflation  and  politics  had  not  en- 
tirely drawn  him  oflF  from  that  of  other  fciences ; fuch 
as  chemiftry,  phyfics,  anatomy,  theology,  See.  Thefe 
he  conftantly  cultivated  with  ardour ; but  acknowledges 
that  in  each  he  met  with  obfeurities,  and  that  in  every 
quarter  truth  efcaped  from  his  refearches.  He  there- 
fore fat  down  to  inveftigate  the  nature  of  truth,  and 
the  proper  method  of  attaining  to  it  in  every  depart- 
ment of  refearch ; and  the  refult  of  his  labours  was  a 
kind  of  novum  organum,  by  which  he  feems  to  have  ex- 
pedted  that  Bacon’s  work  would  be  buried  in  oblivion  ; 
and  to  this  important  volume  he  gave  the  title  of  Con- 
cerning Truth ; or  Thoughts  on  the  Means  of  attaining 
Truth  in  all  the  Branches  of  Human  Knowledge.  This 
volume  was  meant  as  nothing  more  than  the  introduc- 
tion to  a greater  work,  in  which  he  propofed  to  invefti- 
gate what  is  certain  in  knowledge  and  what  doubtful^ 
and  then  to  ftrike  the  balance  of  the  account. 

He  was  prevented,  however,  from  completing  his 
plan,  which  he  regrets  exceedingly ; for,  as  he  aftirms, 
with  lecommg  modejlyy  his  work  would  certainly  have 
amended  its  readers ! But  the  French  government  hap- 
pened to  think  otherwife;  his  aim,  which,  he  fays,  was 
to  lead  mankind  to  refledt  on  their  rights,  was  perceived, 
and  he  was  accufed  to  the  minifter  as  a feditious  writer. 
The  career  of  genius  was  ftopped  by  the  dread  of  the 
Baftile  ; and  he  was  obliged  to  take  refuge  in  London. 
There  it  was  his  wifh  to  create  a univerfal  confederation 
of  the  friends  of  liberty  and  truths  and  to  eftablifti  a 
centre  of  correfpondence  and  union  with  the  learned  and 
the  politicians  of  Europe.  This  dark  defign,  however, 
was  fruftrated  by  the  treachery,  as  it  wpuld  appear,  of 
his  affociates,  who  had  bound  themfelves,  he  fays,  by 
the  moft  facred  oaths,  to  aflift  him,  and  had  offered  to 
fign  articles  even  with  their  own  blood. 

Finding  himfelf  unable  to  proceed  diredtly  to  the  ob- 
jedt  which  he  had  in  view,  he  refolved  to  enlighten  his 
countrymen  gradually,  and  to  begin  with  exciting  their 
love  and  admiration  of  the  Englifh  conftitution.  That 
conftitution,  which  he  had  inveftigated  on  the  fpot,  ap- 
peared to  him  a model  for  thofe  focieties  which  were 
defirous  of  changing  their  form  of  government.  It  was 
but  little  known,  he  fays,  in  France  (the  work  of  De 
Lolme  being  at  that  time  only  in  the  hands  of  the  learn- 
ed) ; and  to  make  it  known  was  to  make  it  beloved,  was 
to  render  it  defired.  But  the  French  minifters  ftood 
upon  their  guard,  and  it  became  neceffary  to  deceive 
them.  He  refolved  therefore  to  bring  forward  a jour- 
nal, written  adtually  In  London,  and  profefling  to  con- 
tain only  a defeription  of  the  fciences  and  arts  of  England, 
whilft  the  greater  part  of  it  was  to  be  occupied  in  rea- 
lity by  an  inveftigation  of  the  Englifh  confitution. 

After  many  difficulties,  the  miniftry  granted  a privi- 
lege for  this  journal,  being  publiftied  in  London,  to  be 
reprinted  in  Paris  ; and  it  firft  appeared  in  1784.  “ In 

the  twelve  numbers  which  have  been  publifhed  (fays 
the  author),  the  friends  of  liberty  muft  have  perceived, 
that  if,  on  the  one  fide,  I endeavoured  to  inculcate  more 
juft  ideas  than  had  hitherto  been  entertained  concerning 
this  celebrated  ifland  ; fo,  on  the  other,  I refolutely 
made  my  advances  toward  that  important  end  which  has 
perpetually  prefided  over  all  my  labours,  the  univerfal 
emancipation  of  men,’^ 


His  affairs  calling  him  at  this  time  to  Paris,  he  was 
arrefted  and  conveyed  to  the  Baftile  on  the  12  th  of 
July  1784.  In  this  condudf  of  the  government  we 
cannot  perceive  any  thing  very  tyrannical  or  arbitrary, 
fince  he  confefles,  that  in  the  i6th  page  of  the  firft 
number  of  his  Journal,  he  had  fuffered  the  fecret  and  fa- 
vourite aim,  v^ich  always  guided  his  pen,  to  become 
difcernible.  He  was,  however,  difeharged  from  pri- 
fon  on  the  5th  of  September,  and  returned  with  in- 
creafed  zeal  to  his  former  employments. 

“ This  perfecution  (fays  he),  far  from  extinguifhing 
the  ardour  of  my  wifhes  to  inculcate  the  principles  of 
freedom,  ferved  only  to  inflame  it  the  more.”  Accord- 
ingly, in  1785,  he  publiflied  two  letters  to  the  Empe- 
ror Jofeph  II.  concerning  the  right  of  emigration,  and  the 
right  of  people  to  revolt.  The  firft  of  thefe  letters,  which, 
though  well  known  in  Germany,  were  in  France  fup- 
prelfed  by  the  police,  was  occafioned  by  what  the  au- 
thor calls  the  ridiculous  and  barbarous  edi6f  againft 
emigration ; and  the  fecond  by  the  punilhment  of  Ho- 
riah  the  chief  of  the  Walachian  infurgents.  In  this  lad 
letter  he  lays  it  down  as  a maxim,  that  all  people  under 
fuch  a government  as  that  of  the  Walachians,  have  from 
nature  a facred  right  to  revolt,  a right  which  they  can 
and  ought  to  exercife.  In  the  fame  fpirit  he  brought 
out,  in  1786,  his  Philofophical  Letters  on  the  Hiftory 
of  England,  in  2 vols,  and  A Critical  Examination  of 
the  Travels  of  the  Marquis  de  Chatelleux  in  North 
America. 

The  French  revolution  appearing  to  him  extremely 
diftant,  notwithftanding  all  his  efforts  to  haften  it,  he 
refolved  to  leave  France  for  the  purpofe  of  fettling  in 
America,  His  projedl  received  the  approbation  of  fe- 
veral,  whofe  fentiments  were  congenial  with  his  own. 
But  as  it  was  thought  imprudent  to  tranfport  numerous 
families  to  a country  fo  far  off,  without  thoroughly 
knowing  It,  Briffot  was  engaged  to  proceed  thither,  to 
examine  the  different  places,  to  obferve  the  inhabitants, 
and  to  difeover  where  and  in  what  manner  the  eftablifh- 
ment  they  had  propofed  might  be  moft  advantageoufly 
fixed.  He  had  fome  time  before  inftituted  afociety  at 
Paris  for  accompliftiing  the  abolition  of  the  negro  trade, 
and  for  foftening  the  condition  of  the  flaves.  At  the 
period  of  his  departure,  this  foclety  confifted  of  a con- 
fiderable  number  of  diftlngullhed  members,  and  he  was 
commiffioned  to  carry  the  firft  fruits  of  their  labours  to 
America.  His  ftay  there,  however,  was  not  fo  long  as 
he  w'as  defirous  of  making  it.  In  the  beginning  of 
1789  he  was  recalled  by  the  news  of  the  French  revo- 
lution, which  he  conceived  might  probably  produce  a 
change  in  his  own  meafures  and  in  thofe  of  his  friends. 
This  idea  added  to  other  circumftances,  accelerated  his 
return.  The  fire  had  blazed  forth  in  his  native  coun- 
try. Hope  (fays  he)  animated  every  heart;  the  moft 
diftinguiflied  champions  had  engaged  In  the  conteft  ; I 
too  became  defirous  to  break  a lance,  and  I publiftied 
my  Plan  of  Conduct  for  the  Deputies  of  the  PeopleP 

This,  and  other  works  of  a fimilar  kind,  of  which  he 
loudly  boafts  the  merits,  raifed  him  high  in  the  favour 
of  the  republican  part  of  the  nation,  and  he  became 
prefident  of  his  diftridt ; where  he  aded,  according  to 
his  own  account,  with  great  uprightnefs  in  the  munici- 
pality, in  the  firft  committee  of  enquiries,  and  as  an 
eledtor.  At  laft  he  became  a member,  firft  of  the  iVh- 
tional  JJfembly,  and  after  its  diffolutioDj  of  the  Sangui- 
nary 
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Sriftol.  tmry  Convention  ; and  by  fonie  means  or  other  got  to 
be  the  leader  of  a party  called  fometimes  the  Girondijls, 
and  fometimes  the  Brijfotines.  From  that  period  the 
principal  events  of  his  life  were  involved  with  the  pub- 
lic tranfadions  of  the  nation,  of  which  we  have  given 
an  account  in  the  Encyclopedia  under  the  title  Revo- 
lution (fee  that  article,  n°  loi — 182.)  The  Giron- 
dift  fadtion  was  denounced  by  the  Mountain,  and  Brif- 
fot  fuffered  by  the  guillotine  on  the  30th  of  November 
1793.  He  fell  indeed  by  a very  unjuft  fentence  ; but 
his  fall  was  the  natural  confeqiience  of  that  anarchical 
tyranny  under  which  no  man  had  contributed  more  than 
he  to  fubjedl  his  native  country. 

BRISTOL,  a townfhip  in  Lincoln  co.  Diftridl  of 
Maine,  having  1718  inhabitants;  diftant  204  miles 
N.  E.  from  Bofton,  and  8 N.  of  Pemaquid  Point. 
—Morse, 

Bristol,  a county  in  the  fouthern  part  of  Mafta- 
chufetts,  E.  of  a part  of  the  ftate  of  Rhode  Ifland. 
It  has  15  townftiips,  of  which  Taunton  is  the  chief; 
and  31,709  inhabitants.  The  great  fachem  Phillip 
reftded  here ; and  it  was  called  by  the  Indians 
Pavjkunna’wkutt ; from  which  the  nation  derived 
the  name ; but  were  fometimes  ftyled  the  Wampo- 
noags. — ib, 

Bristol,  Co.  in  Rhode  Ifland  ftate,  contains  the 
townlhips  of  Briftol,  Warren,  and  Barrington  ; hav- 
ing 3211  inhabitants,  inclufive  of  98  flaves.  It  has 
Briftol  co  in  Maflachufetts,  on  the  N.  E.  and  Mount 
Plope  bay  E. — ib. 

Bristol,  a fea-port  town,  and  chief  of  the  above 
county,  lies  on  the  weftern  fide  of  the  peninfula  called 
Briftol  neck,  and  on  the  E.  fide  of  Briftol  bay ; in- 
eluding  Popafqnafh  neck,  and  all  the  N.  and  E.  part 
of  Briftol  neck,  to  Warren,  N-  ; and  to  Mount  Hope 
bay,  E.  It  is  about  3 miles  from  Rhode  Ifland  ; the 
ferry  from  the  S.  end  of  the  townfliip  being  included, 
which  is  little  more  than  half  a mile  broad  ; 13  miles 
northerly  from  Newport,  24  S.  E.  from  Providence, 
and  63  from  Bofton. — Briftol  fuffered  greatly  by  the 
ravages  of  the  late  war  ; but  is  now  in  a very  flou- 
rifliing  ftate,  having  1406  inhabitants,  inclufive  of  64 
flaves.  It  is  beautiful  for  fiiuation — a healthlul  cli- 
mate— rich  foil,  and  a commodious,  fafe  harbor.  Oni- 
ons, in  confiderable  quantities,  and  a variety  of  pro- 
vifions  and  garden  ftuff,  are  raifed  here  for  exportati- 
on. N.  lat.  40.  40. — ib. 

Bristol,  a townfliip  in  Hartford  co.  Conneflicut, 
16  miles  W.  of  the  city  of  Hartford. — ib. 

Bristol,  a town  in  Bucks  co.  Pennfylvania,  ii 
miles  S.  S.  E.  from  Newtown,  and  20  N.  E.  from 
Philadelphia.  It  ftaiids  on  Delaware  River,  oppofite 
Burlington,  in  New  Jerfey  ; and  has  about  50  or  60 
hoLifes.  It  is  a great  thoroughfare,  and  is  noted  for 
its  mills  of  feveral  kinds. — ib. 

Bristol,  a townfliip  in  Philadelphia  county. — ib. 

Bristol,  a fmall  town  in  Charles  county,  Mary- 
land . — ib. 

Bristol, 
of  Vergennes 

Bristol  Bay 

is  formed  by  the  peninfula  of  Akfka  on  the  S.  and  S. 
E.  and  by  Cape  Newnham  on  the  N.  ; and  is  very 
broad  and  capacious.  A river  of  the  fame  name  runs 
into  it  from  the  E. — ib. 


E. 


a townfliip  in  Addifon  co.  Vermont, 

21 1 inhabitants. — ib. 
the  N.  W.  coaft  of  N.  America, 
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BROOKFIELD,  in  the  S.  W.  part  of  Worcefter  Brookfield 
co.  Maflachufetts,  is  among  the  firft  towns  as  to  age, 
wealth  and  numbers,  in  the  county;  containing  3100 
inhabitants.  The  great  poft  road  from  Bofton  to  N. 

York  runs  through  it.  It  is  64  miles  W.  of  Bofton 
and  27  W of  Worcefter.  The  Indian  name  of  this 
towm  w'as  ^aboag.  The  river  which  ftill  retains  the 
name  paffes  through  it ; and  like  its  other  ftreams  and 
ponds,  abounds  with  various  kinds  of  fifli.  Here  is 
iron  ore,  and  large  quantities  of  ftone  which  yield 
copperas,  and  have  a ftrong  vitriolic  quality.  This 
town  was  fettled  by  people  from  Ipfwich,  in  1660, 
and  was  incorporated  in  1673. — 

Brookfield,  a townfliip  in  Orange  co.  Vermont, 
has  421  inhabitants,  and  lies  80  miles  northerly  from 
Bennington. — ib. 

Brookfield,  a townfliip  in  Lincoln  co.  diftrict  of 
Maine,  14  miles  above  Norridgewalk  on  Kennebeck 
River,  and  was  formerly  called  Seven  mile  Brook. — ib. 

Brookfield,  a town  in  Montgomery  co.  New-York. 

By  the  ftate  cenfus  of  1796,  160  of  its  inhabitants  are 
electors. 

Brookfield,  a townfliip  in  Fairfield  co.  Connefli- 
cut,  6 miles  N.  N.  E.  from  Danbury. — ib. 

BROOKHAVEN,  a towmfhip  in  Suffolk  go.  Long 
Ifland,  New-York,  containing  3,224  inhabitants.  Of 
thefe  233  are  flaves ; and  by  the  ftate  cenfus  of  1796, 

535  ^re  eleftors.  The  compaft  part  of  the  town 
contains  about  40  houfes,  an  Epifcopalian,  and  a Pref- 
byterian  church.  It  is  60  miles  E.  of  New-York. — ib. 

BROOKLYN,  a townfliip  in  Kings  co.  New'- York, 
on  the  W.  end  of  Long  Ifland,  having  1603  inhabit- 
ants ; of  thefe  405  are  flaves  ; and  224  are  eledlors,  by 
the  ftate  cenfus  of  1796.  Here  are  a Prefbyterian 
church,  a Dutch  Reformed  church,  a powder  maga- 
zine, and  fome  elegant  houfes  which  lie  chiefly  on  one 
ftreet.  Eaft  River,  near  a mile  broad,  feparates  the 
town  from  New-York. — ib. 

Bbooklin,  a townfliip  in  Wyndham  co.  Connedti. 
cut,  about  20  miles  N.  of  Norwich. — ib. 

BROTHERTON,  an  Indian  village  adjoining 
New-Stockbridge,  (N.  York)  inhabited  by  about  150 
Indians,  who  migrated  from  different  parts  of  Connec- 
ticut, under  the  care  of  the  Rev.  Mr  Occom.  Thefe 
Indians  receive  an  annuity  of  2160  dollars,  w'hich  fum 
is  partly  appropriated  to  the  purpofe  of  maintaining  a 
fchool,  and  partly  to  compenfate  a fuperintendant,  to 
tranfad  their  bufinefs,  and  to  difpofe  of  the  remainder 
of  their  money  for  their  benefit. — ib. 

BROWN  (Dr  John),  author  of  the  Elementa  Medi^ 
cine,  &c.  was  born  in  the  village  of  Dunfe,  or,  as  fome 
fay,  Lintlaws,  in  the  county  of  Berwick,  in  the  year 
1735-6.  His  parents  were  of  mean  condition,  but 
much  refpected  in  the  neighbourhood  for  the  integrity 
of  their  lives.  Flis  father  gained  his  livelihood  in  the 
humble  capacity  of  a day-labourer  ; while  his  mother 
contributed  her  fliare  towards  the  fupport  of  the  fami- 
ly by  the  profits  arifing  from  a milch  cow. 

Such  were  the  perfons  who,  in  an  obfeure  part  of 
the  country,  gave  birth  to  a fon  deftined,  at  a future 
period,  to  make  a diftinguHhed  figure  in  the  republic  of 
letters ; and  from  whom  originated  a fyftem  of  the  anl- 
mal  economy,  which,  whatever  be  its  real  merits,  has 
undoubtedly  produced  a confiderable  revolution  in  the 
pradice  of  medicine. 

At 
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Brown.  At  th«  age  of  three  or  four  years,  young. Brown  was 
put  to  a reading  fchool  in  Dunfe,  w'hich  he  himlelf 
commemorates  as  the  place  rather  of  his  education  than 
of  his  nativity.  Here,  under  the  tuition  of  an  old  wo- 
man, he  very  early  began  to  exhibit  marks  of  that 
ftrength  of  mind  for  which  he  was  afterwards  fo  emi- 
nently diftinguifhed.  In  the  fhort  period  of  a year  he 
became  able  to  read  with  facility  any  part  of  the  Bible, 
and  acquired  over  his  clafs-feilows  that  fuperiority  which 
he  ever  after  maintained  both  at  fchool  and  college. 

It  was  almoft  immediately  after  his  entrance  into  this 
fchool,  that  his  infatiable  defire  of  reading  commenced  ; 
and  fo  unremitting  was  his  application,  that  he  is  faid 
never  to  have  been  found,  even  at  thofe  hours  which 
children  much  more  advanced  in  life  devote  to  amufe- 
ment.  without  a book  in  his  hand. 

While  he  was  making  this  rapid  progrefs  in  the  ru- 
diments of  literature,  he  fuffered  what  muft  have  ap- 
peared to  be  a very  heavy  lofs  in  the  death  of  his  fa- 
ther ; but  his  mother  foon  afterwards  married  a worthy 
man  of  the  fame  name,  whofe  care  and  attention  fup- 
plied  the  place  of  a father  to  her  fon.  This  man  being 
a weaver,  defigned  to  educate  his  fon-in  law  to  the  fame 
bufmefs,  and  began  to  inftrudl  him  in  his  art  when  he 
v'as  about  nine  years  of  age , but  the  tafte  which  young 
Brown  had  already  acquired  for  letters,  made  him  look 
with  difguft  on  the  infipid  employment  of  a weaver. 
His  ftep-fathcr  was  no  tyrant,  and  his  mother  was  affec- 
tionate. They  w'ere  both  proud  of  the  talents  which 
at  fo  early  a peiiod  of  life  had  appeared  in  their  fon, 
and  they  felt  no  inclination  to  ftruggle  with  the  invin- 
cible averfion  which  he  expreffed  to  the  bufmefs  for 
which  they  intended  him. 

Another  circumftance,  however,  contributed  in  no 
fmall  degree  to  make  them  recal  their  original  refolu- 
tion.  They  were  both  of  that  feff  of  religionifts  which 
in  Scotland  are  called  Seceders  (fee  Seceders,  Encyl.) ; 
and  it  was  fuggefted  to  them  by  fome  perfons  of  their 
own  perfuaf’ion,  who  had  remarked  the  uncommon  abili- 
ties of  the  boy,  that  he  might  one  day  prove  an  able 
lupport  and  promoter  of  their  tenets  as  a preacher.  He 
was  accordingly,  much  to  his  fatisfadion,  taken  away 
from  the  bulinefs  to  which  he  had  conceived  fuch  a 
diftafte,  and  fent  to  the  grammar-fchool  of  Dunfe, 
which  was  taught  at  that  time  by  a gentleman  of  the 
name  ot  Cruicklliank,  eminent  for  his  grammatical 
knowledge.  Here  ^le  appears  to  have  fpent  fome  years 
with  uncommon  advantage  andhappinefs;  during  which 
he  was  efteemed  by  all  the  country  round  as  a kind  of 
prodigy.  Like  Johnfon,  and  many  other  men  of  the 
higheft  celebrity,  he  united  in  the  fame  perfon  uncom- 
mon powers  of  mind,  with  no  lefs  ftrength  of  body,  as 
indeed  his  appearance  indicated  ; and  in  his  youth  he 
infured  his  own  perfonal  importance  among  his  fchool- 
fellows,  by  excelling  them  not  lefs  in  athletic  exercifes 
than  in  the  talks  preffribed  by  their  mafter.  He  was 
particularly  fond,  when  a boy,  of  pradifing  the  pugiliftic 
art ; and  indeed  until  the  laft  period  of  his  life  he  was 
obferved  by  his  friends  always  to  view  an  exhibition  of 
that  kind  with  peculiar  relifn.  He  alfo  prided  himfelf 
much  in  being  a ftout  walker  ; and  mentions  his  ha- 
ving, m one  day,  accomplilhed,  when  but  fifteen  years 
of  age,  a journey  of  fifty  miles  between  Berwick-upon- 
Tweed  and  Morpeth  in  Northumberland.  When  far- 
ther advanced  in  life,  he  travelled  on  foot  from  four  in 


the  afternoon  of  one  day  to  two  in  the  afternoon  of  Brown, 
next  day,  with  the  fhort  interval  of  one  hour’s  reft  1 
But  as  one  of  his  biographers  very  juftly  obferves,  “ we 
have  feen  that  he  could  make  a more  rational  ufe  of 
his  ftrength  than  merely  to  ftake  it  againft  time  and 
fpace.*”  *DrBc 

His  early  years  while  at  fchool  were  marked  by  the  does, 
moft  rigid  attachment  to  his  fed.  So  ftrid  indeed  were 
his  religious  fentiments,  if  a boy  of  ten  or  eleven  can  be 
faid  to  have  any  fentiments  deferving  to  be  called  reli- 
gious, that  he  would  have  conceived  the  holding  of  any 
communion  with  the  eftablifiied  church  as  a kind  of 
profanation.  An  event,  however,  happened,  fome  time 
between  the  eleventh  and  thirteenth  years  of  his  age, 
which  produced  a total  and  unexpeded  revolution  in 
his  religious  opinions.  At  a meeting  of  the  provincial 
fynod  of  Merfe  and  Teviotdale,  he  was  prevailed  upon, 
though  not  without  manifefting  much  reludance,  to 
accompany  a party  of  his  fchool-fellows  to  the  parifti 
church  of  Dunfe.  The  confequence  of  this  tranfgref- 
fion,  as  he  had  dreaded,  was  an  immediate  fummons  to 
appear  before  the  feffion  of  the  Seceding  congregation  ; 
to  which,  through  pride,  not  choofing  to  attend,  in  or- 
der to  preclude  a formal  expulfton,  he  voluntarily  abju- 
red their  tenets,  and  openly  avow'ed  his  apoftacy  to  t^e 
eftablifliment. 

All  changes  in  religion  which  are  not  the  confequence 
of  candid  inveftigation  are  dangerous.  He  who  leaves 
one  fed  he  knows  not  why,  will  quickly  abandon,  with 
as  little  reafon,  that  to  which  in  a fit  of  paffion  he  had 
haftily  joined  himfelf.  From  the  moment  of  his  quit- 
ting the  communion  of  the  Seceders,  Brown’s  religious 
ardour  fuffered  a gradual  abatement ; and  though,  to 
pleafe  his  mother,  he  continued  to  profecute  his  ftudies 
with  a view  to  the  office  of  a clergyman  in  the  church 
of  Scotland,  his  opinions  became  daily  more  and  more 
lax,  and  his  life  of  courfe  lefs  and  lefs  regular.  It  was, 
however,  a confiderable  time  before  be  admitted,  in 
their  full  extent,  thofe  principles  of  irreligion  which  he 
afterwards  avowed  ; for  upon  his  firft  perufing  the  Ef- 
fays  of  Mr  Hume,  though  his  own  zeal  was  then  much 
cooled,  he  expreffed  great  indignation  at  their  danger- 
ous tendency. 

At  the  age  of  twelve  years  he  had  been  employed  by 
Mr  Cruickftiank  as  a kind  of  uffier  in  the  fchool  of  Dunfe; 
and  that  gentleman  having  declared  that  his  knowledge 
of  the  Latin  language  was  equal  to  his  own,  his  fame  as 
a feholar  was  fo  fpread  over  the  country,  that  at  the  age 
of  thirteen  he  was  entrufted  with  the  education  ot  a 
gentleman’s  fon  in  the  neighbourhood,  when  he  quitted 
the  fchool  and  his  beloved  mafter.  In  his  new  fitua- 
tion,  however,  he  remained  not  long.  Dr  Beddoes  con- 
jedures,  that  to  the  ftiffnefs  of  pedantry  he  added  the 
fournefs  of  a bigot,  and  was  therefore  a difagreeable  in- 
mate of  the  family.  That  a boy  of  thirteen,  proud  of 
his  talents,  and  prouder  of  his  learning,  fhouid  have  the 
ftiffnefs  of  a pedant,  is  indeed  extremely  probable  ; it 
was  the  natural  confequence  of  the  praife  with  which 
he  had  been  honoured  by  Mr  Cruicklliank ; but  there 
is  reafon  to  believe  that  of  his  original  bigotry  few  tra- 
ces now  remained.  The  real  caufe  of  his  difmiffion  from 
the  family,  we  are  affured,  was  his  pride;  and  as  it  muft 
have  been  the  pride  of  parts,  it  confirms  the  firft  part 
of  Dr  Beddoes’s  conjecture. 

It  feems  he  v/as  much  dlfpleafed  that,  when  company 

were 


Brown. 


BRO  [158]  BRO 


of  debility,  termed  dir££l  and  indireB,  which,  according  and  the  , chieftain  was  thus  gradually,  and  without  in- 
to Brown  are  the  caufe  of  all  difeafes.  If  the  quan-  jury  to  his  conftitution,  cured  of  the  habit  of  drinking 
tity  of  ftimulus,  or  exciting  power,  is  proportioned  to  fpirits. 

the  quantity  of  excitability,  that  Is,  if  no  more  excite-  Thefe  analogies  might  be  purfued  farther  ; but  my 
mentis  drawn  forth  than  is  equal  to  the  quantity  of  objedl  is  folely  to  furnifli  fome  general  ideas,  to  prepare 
excitability  produced,  the  human  frame  will  be  in  a the  reader  for  entering  more  eafily  into  the  Brunonian 


ftate  of  health,  juft  as  the  fire  will  be  in  a vigorous 
ftate  when  no  more  air  is  blown  in  than  Is  fufEcient  to 
confume  the  frefh  fupply  of  fuel  conftantly  poured  down 
by  the  tube  behind.  If  a fufficlent  quantity  of  ftimulus 
is  not  applied,  or  air  not  blown  in,  the  excitability  in 
the  man,  and  the  fuel  in  the  fire,  w'lll  accumulate,  pro- 
ducing diredl  debility  ; for  the  man  will  become  weak, 
and  the  fire  low.  Carried  to  a certain  degree,  they 
will  occafion  death  to  the  firft,  and  extindflon  to  thelaft. 
If,  again,  an  over  proportion  of  ftimulus  be  applied,  or 
too  much  air  blown  in,  the  excitability  will  foon  be 
wafted,  and  the  matter  of  fuel  almoft  fpent.  Hence 
will  arife  indiredl  debility,  producing  the  fame  weaknefs 
in  the  man,  and  lownefs  in  the  fire,  as  before,  and  equal- 
ly terminating,  when  carried  to  a certain  degree,  in 
death  and  extinfHon. 

‘ As  all  the  difeafes  of  the  body,  according  to  Dr 
Brown,  are  occafioned  by  diredt  or  indiredl  debility,  in 
confequence  of  too  much  or  too  little  ftimuli,  fo  all  the 
defeds  of  the  fire  muft  arife  from  dired  or  indired  low- 
nefs, in  confequence  of  too  much  or  too  little  air  blown 
into  it.  As  Brown  taught  that  one  debility  was  never 
to  be  cured  by  another,  but  both  by  the  more  judicious 
application  of  ftimuli,  fo  will  be  found  the  cafe  in  treat- 
ing the  defeds  of  the  fire.  If  the  fire  has  become  low, 
or  the  man  weak,  by  the  want  of  the  needful  quantity 
of  ftimulus,  more  muft  be  applied,  but  very  gently  at 
firft,  and  increafed  by  degrees,  left  a ftrong  ftimulus  ap- 
plied to  the  accumulated  excitability  fhould  produce 
death  ; as  in  the  cafe  of  a limb  benumbed  with  cold 
(that  is,  weakened  by  the  accumulation  of  its  excitabi- 
lity in  confequence  of  the  abftradion  of  the  ufual  fti- 
mulus of  heat),  and  fuddenly  held  to  the  fire,  which 
W'e  know  from  experience  is  in  danger  of  mortification, 
or  as  in  the  cafe  of  the  fire  becoming  very  low  by  the  ac- 
cumulation of  tire  matter  of  fuel,  when  the  feeble  flame, 
affailed  by  a fudden  and  ftrong  blaft  of  air,  would  be 
overpowered  and  put  out,  inftead  of  being  nourifhed 
and  increafed.  Again,  if  the  man  or  the  fire  have  been 
rendered  indiredly  weak,  by  the  application  of  too 
much  ftimulus,  we  are  not  fuddenly  to  withdraw  the 
whole,  or  even  a great  quantity  of  the  exciting  powers 
or  air,  for  then  the  weakened  life  and  diminifhed  flame 
might  fink  entirely  ; but  we  are  by  little  and  little  to 
diminilh  the  overplus  of  ftimulus,  fo  as  to  enable  the 
excitability,  or  matter  of  fuel,  gradually  to  recover  its 
proper  proportion.  Thus  a man  who  has  injured  his 
conftitution  by  the  abufe  of  fpirituous  liquors  is  not 
fuddenly  to  be  reduced  to  water  alone,  as  is  the  prac- 
tice of  fome  phyficians,  but  he  is  to  be  treated  as  the 
judicious  Dr  Pitcairn  of  Edinburgh  is  faid  to  have 
treated  a Highland  chieftain,  who  applied  to  him  for 
advice  in  this  fituation.  The  Doiffor  gave  him  no  me- 
dicines, and  only  exadled  a promife  of  him,  that  he 
would  every  day  put  in  as  much  wax  into  the  wooden 
queich,  out  of  which  he  drank  his  whilky,  as  would  re- 
ceive the  impreflion  of  his  arms.  The  wax  thus  gra- 
dually accumulating,  diminillied  daily  the  quantity  of 
the  whilky,  till  the  whole  queich  was  filled  with  wax  ; 


theory,  which  I think  he  will  be  enabled  to  do  after 
perufing  what  I have  faid.  The  great  excellence  of 
that  theory,  as  applied,  not  only  to  the  pradfice  of  phy- 
flc,  but  to  the  general  condudl  of  the  health,  is,  that  it 
imprelTes  on  the  mind  a fenfe  of  the  impropriety  and 
danger  of  going  from  one  extreme  to  another.  The 
human  frame  Is  capable  of  enduring  great  varieties,  if 
time  be  given  It,  to  accommodate  itfelf  to  different 
ftates.  All  the  mifehief  is  done  in  the  tranfition  from 
one  ftate  to  another.  In  a ftate  of  low  excitement  we 
are  not  rafhly  to  induce  a ftate  of  high  excitement,  nor 
when  elevated  to  the  latter,  are  we  fuddenly  to  defeend 
to  the  former,  but  ftep  by  ftep,  and  as  one  who  from 
the  top  of  a high  tower  defeends  to  the  ground.  From 
hafty  and  violent  changes,  the  human  frame  always  fuf- 
fers  ; its  particles  are  torn  afunder,  its  organs  injured, 
the  vital  principle  impaired,  and  difeafe,  often  death, 
is  the  inevitable  confequence. 

‘ I have  only  to  add,  that  though  in  this  Illuftration 
of  the  Brunonian  fyftem  (written  feveral  years  ago),  I 
have  fpoken  of  a tube  conftantly  pouring  in  frefh  fuel, 
becaufe  I could  not  otherwife  convey  to  the  reader  a 
familiar  idea  of  the  power  pefTeffed  by  all  living  fyftems, 
to  renew  their  excitability  when  exhaufted ; yet  it  may 
be  proper  to  inform  the  ftudent,  that  Dr  Brown  fup- 
pofed  every  living  fyftem  to  have  received  at  the  begin- 
ning its  determinate  portion  of  excitability ; and,  there- 
fore, although  he  fpoke  of  the  exhauftion,  augmenta- 
tion, and  even  renewal  of  excitability,  I do  not  think 
it  was  his  intention  to  induce  his  pupils  to  think  of  it 
as  a kind  of  fluid  fubftance  exifting  in  the  animal,  and 
fubjedl:  to  the  law  by  which  fuch  fubftances  are  govern- 
ed. According  to  him,  excitability  was  an  unknown 
fomenuhat,  fubjed  to  peculiar  laws  of  its  own,  and  whofe 
diflFerent  ftates  we  were  obliged  to  deferibe  (though 
inaccurately)  by  terms  borrowed  from  the  qualities  of 
material  fubftanees.’ 

“ The  Brunonian  fyftem  has  frequently  been  charg- 
ed with  promoting  intemperance.  The  objedion  is 
ferious ; but  the  view  already  given  of  its  principles 
fhews  it  to  be  groundlefs.  No  writer  had  infifted  fo 
much  upon  the  dependence  of  life  on  external  caufes, 
or  fo  ftrongly  ftated  the  inevitable  confequences  of  ex- 
cels. And  there  are  no  means  of  promoting  morality 
upon  which  we  can  rely,  except  the  knowledge  of  the 
true  relations  between  man  and  other  beings  or  bodies. 
For  by  this  knowledge  we  are  diredly  led  to  fhun  what 
Is  hurtful,  and  purfue  what  is  falutary ; and  in  what 
elfe  does  moral  condud,  as  far  it  regards  the  individu- 
al, confift  ? It  may  be  faid  that  the  author’s  life  dif- 
proves  the  juftnefs  of  this  reprefentation  : his  life,  how- 
ever, only  (hews  the  fuperior  power  of  other  caufes, 
and  of  bad  habits  in  particular ; and  I am  ready  to  ac- 
knowledge the  little  efficacy  of  inftrudion  when  bad 
habits  are  formed.  Its  great  ufe  confifts  in  preventing 
their  formation  ; for  which  reafon  popular  inftrudion 
in  m.edicine  would  contribute  more  to  the  happinefs  of 
the  human  fpecies,  than  the  complete  knowledge  of 
every  thing  which  is  attempted  to  be  taught  in  educa- 
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Erownfville  tion,  as  it  is  conducted  at  prcfent.  But  though  the 
II  principles  of  the  fyftem  in  queftion  did  not  corredt  the 
propenfities  of  its  inventor,  it  does  not  follow  that  they 
tend  to  produce  the  fame  propenfities  in  others.” 

BROWNSVILLE,  or  Redjlone  Old-fort,  is  a flou- 
rifliing  poft-town  in  Fayette  co.  Pennfylvania  ; on  the 
S.  eaftern  bank  of  Monongahela  River  ; between  Dun- 
lap and  Redftone  creeks ; and  next  to  Pittfburg  is  the 
moft  confiderable  town  in  the  weftern  parts  of  the  ftate. 
The  town  is  regularly  laid  out,  contains  about  100 
' houfes,  an  Epifcopalian,  and  Roman  Catholic  church, 
a brewery  and  diftillery.  It  is  connected  with  Bridge- 
port, a fmall  village  on  the  oppofite  fide  of  Dunlap 
creek,  by  a bridge  260  feet  long.  Within  a few  miles 
of  the  town  are  4 Friends’  meeting-houfes,  24  grift, 
faw,  oil,  and  fulling  mills.  The  trade  and  emigra- 
tion to  Kentucky,  employ  boat-builders  here  very  pro- 
fitably ; above  100  boats  of  20  tons  each,  are  built 
annually.  Byrd’s  Fort  formerly  ftood  here,  on  the 
S.  fide  of  the  mouth  of  Redftone  Creek,  in  N.  lat.  39. 
58.  W.  long.  81  I2i;  37  miles  foutherly  from  Pittf- 
burg;  13  S.  by  E.  of  Waftiington,  and  341  W.  of 
Philadelphia. — Morse. 

BRUCE  (James,  Efq ; F.  R.  S.),  the  celebrated 
Abyflinian  traveller,  was  born,  1730,  at  Kinnaird 
houfe,  in  the  parifti  of  Larbert  and  county  of  Stirling. 
His  defcent  by  both  parents  was  ancient  and  honoura- 
ble ; and  of  that  defcent  he  was,  perhaps,  too  proud. 

His  grandfather  was Hay,  Efq ; of  Woodcockdale, 

in  the  county  of  Linlithgow,  who,  marrying  Mifs 
Bruce,  the  heirefs  of  Kinnaird,  gave  the  name  of  Bruce 
to  all  his  defendants. 

Perhaps  this  change  of  name  may  have  taken  place 
in  obedience  to  the  deed  by  which  the  eftate  of  Kin- 
naird was  fettled  on  Mrs  Hay’s  children ; but  it  is  a 
change  which,  in  a country  like  Scotland,  wLere  an- 
tiquity of  defcent  is  highly  valued,  any  man  would  vo- 
luntarily have  adopted,  who  had  married  the  heirefs  of 
fuch  a family.  The  Bruces  of  Kinnaird  had  been  in 
poftefljon  of  that  eftate  for  three  centuries  : they  were 
defended  from  a younger  fon  of  Robert  de  Bruce,  the 
competitor  with  Baliol  for  the  crown  of  Scotland.  It 
w’ould  readily  occur,  that  the  knowledge  of  fuch  a de- 
f ent  would  be  beft  preferved  by  continuing  the  name 
of  their  great  anceftor ; and  we  have  reafon  to  believe, 
that  the  fubjedl  of  this  memoir  was  not  much  delighted 
when  put  in  mind,  as  he  frequently  was,  that,  though 
the  heir  of  the  line,  he  was  not  the  male  heir  of  that 
[ branch  of  the  illuftrious  family. 

I As  he  was  allied  to  royalty  by  his  father  and  grand- 

i mother,  through  his  mother  he  was  related  to  fome  of 

I the  moft  refpectable  families  in  the  kingdom.  She  was 

I the  daughter  of  James  Graham,  Efq  ; of  Airth,  dean 

! of  the  faculty  of  advocates,  and  judge  of  the  high  court 

I of  admiralty  in  Scotland,  by  Marion  daughter  of  James 

i Hamilton,  Efq ; of  Pencaitland  ; and  to  a man  of  our 

j traveller’s  turn  of  mind,  there  can  be  no  doubt  but  that 

it  muft  have  afforded  much  fatisfaftion  to  think,  that 
no  family  ranks  higher  in  Scotland  than  thofe  of  Bruce, 
Graham,  and  Hamilton.  In  him,  however,  it  was 
weaknefs  to  be  proud,  if  indeed  he  was  proud,  of  fa- 
' mily ; for  the  talents  beftowed  upon  him  by  nature,  or 

‘ to  fpeak  more  properly,  by  nature’s  God,  would  have 

made  him  great  though  he  had  been  born  on  a dung- 
hill. He  would  indeed  have  been,  in  all  probability, 


much  greater  than  he  was,  had  he  not  been  in  polfeiTion  Biuee. 
of  the  phantom  of  birth  to  gratify  much  of  his  ambi- 
tion  ; for  the  facility  with  which  he  maftered  every  ftu- 
dy  in  which  he  engaged,  would  have  carried  him  quick- 
ly to  the  top  of  the  moft  honourable  profeftlon. 

Mr  Bruce  was  inftru<5ted  in  grammatical  learning  at 
the  fchool  of  Harrow  on  the  Hill,  in  the  county  of 
Middlefex,  where  he  gave  the  moft  unequivocal  proofs 
of  genius,  and  acqui\red  a very  confiderable  knowledge 
of  the  Greek  and  Latin  languages.  It  was  cuftomary. 
with  him  to  perform,  not  only  his  own  exercifes,  but 
alfo  the  exercifes  of  fuch  of  his  companions  as  were 
not  equal  to  the  talk  themfelves.  Among  thefe  was 
his  maternal  uncle,  who  was  frequently  indebted  to  his 
affiftance,  and,  on  one  occafion,  produced  a copy  of 
verfes  of  his  compofition,  which  excited,  not  only  the 
applaufe,  but  the  admiration  of  their  mafter.  Mr  Gra- 
ham, who  was  but  a few  months  older  than  Mr  Bruce, 
had,  for  fome  tranfgreffion  (we  know  not  what),  been 
puniftied,  as  boys  in  the  great  fchools  in  England  are 
often  puniftied,  by  having  a talk  fet  him,  which  he  foon 
found  himfelf  unable  to  perform.  His  nephew  defired 
him  to  be  under  no  uneaftnefs,  promifing  to  furnifti  him 
with  the  verfes  before  the  time  at  which  they  were  to 
be  given  in.  He  was  as  good  as  his  word ; but  the 
mafter  cf  the  fchool  foon  difcovering  that  they  were 
not  the  performance  of  Mr  Graham,  exclaimed,  that 
the  author  of  thefe  verfes,  whoever  he  was,  might  ap- 
ply to  himfelf  the  words  of  Horace, 

- Subl'tmi  feriam  fidera  vertice. 

While  Mr  Bruce  was  at  Harrow,  and  for  a year  or 
two  after  he  had  left  it,  he  was  of  a very  delicate 
frame,  and  appeared  to  his  friends  to  be  threatened 
with  a confumption.  The  truth  is,  that  he  was  un- 
commonly tall  for  his  age,  and  felt  all  the  feeblenefs  of 
joints  and  other  bodily  weakneftes  to  which  overgrown 
boys  are  generally  fubjedl.  His  father  intended  him 
for  the  profeftlon  of  the  law ; and,  upon  his  return 
from  Harrow,  he  was  entered  into  the  univerftty  of 
Edinburgh,  where  he  went  through  a regular  courfe 
of  ftudy  to  fit  him  for  being  inrolled  in  the  body  of 
advocates ; but  for  fome  reafon,  which  we  do  not  per- 
fedlly  know,  he  relinquiftied  the  ftudy  of  law  for  the 
purfuits  of  trade ; and,  going  to  London,  entered  in- 
to partnerftiip  with  a wine-merchant  of  the  name  of 
Allen,  whofe  daughter  he  married. 

That  lady  falling  into  a bad  ftate  of  health,  Mr 
Bruce  took  her  abroad,  in  hopes  that  travelling  would 
be  attended  with  beneficial  efi’eits ; but  in  thefe  he  was 
difappointed,  as  fhe  died  within  a year  after  her  mar- 
riage. He  was  induced,  in  order  to  difpel  his  grief, 
to  continue  his  travels  ; during  which  his  father  dying 
(at  Edinburgh,  4th  May  1758),  the  inheritance  of  his 
anceftors  devolved  upon  him,  and  he  returned  to  Bri- 
tain. Some  of  his  fubfequent  tranfa(fiions  Ihall  now  be 
related  in  his  own  words. 

“ Every  one  will  remember  that  period,  fo  glorious 
to  Britain,  the  latter  end  of  the  miniftry  of  the  late 
earl  of  Chatham.  I was  then  returned  from  a tour 
through  the  greateft  part  of  Europe,  particularly  thro’ 
the  whole  of  Spain  and  Portugal,  between  whom  there 
was  then  the  appearance  of  an  approaching  war. 

“ I was  about  to  retire  to  a fmall  patrimony  I had 
received  from  my  anceftors,  in  order  to  embrace  a life 
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of  ftudy  and  reflexion,  nothing  more  aftive  appearing 
within  my  power,  when  chance  threw  me  unexpededly 
into  a very  fliort  and  very  defultory  converfation  with 
Lord  Chatham. 

“ It  was  a few  days  after  this,  that  Mr  Wood,  then 
under  fecretary  of  ftate,  my  zealous  and  fincere  friend, 
informed  me  that  Lord  Chatham  intended  to  employ 
me  upon  a particular  fervice  ; that,  however,  I might 
go  down  for  a few  weeks  to  my  own  country  to  fettle 
my  affairs,  but,  by  all  means,  to  be  ready  upon  a call. 
Nothing  could  be  more  flattering  to  me  than  fuch  an 
offer,  when  fo  young  ; to  be  thought  worthy  by  Lord 
Chatham  of  any  employment,  was  doubly  a preference. 
No  time  was  loft  on  my  fide  ; but  juft  after  receiving 
orders  to  return  to  London,  his  lordlhip  had  gone  to 
Bath,  and  refigned  his  office. 

“ This  difappointment,  which  was  the  more  fenfible 
to  me  that  it  was  the  firft  I had  met  with  in  public 
life,  was  promifed  to  be  made  up  to  me  by  Lord  Egre- 
mont  and  Mr  George  Grenville.  The  former  had  been 
long  my  friend ; but  unhappily  he  was  then  far  gone 
in  a lethargic  indifpofition,  which  threatened,  and  did 
very  foon  put  a period  to  his  exiftence.  With  Lord 
Egremont’s  death  my  expedtations  vanifhed.  Further 
particulars  are  unneceflary  ; but  I hope  that,  atleaft  in 
part,  they  remain  in  that  breaft  where  they  naturally 
ought  to  be,  and  where  I (hall  ever  think,  not  to  be 
long  forgotten,  is  to  be  rewarded. 

“ Seven  or  eight  months  were  pafled  in  an  expenflve 
and  fruitlefs  attendance  in  London,  when  Lord  Halifax 
was  pleafed,  not  only  to  propofe,  but  to  plan  for  me 
a journey  of  confiderable  importance,  and  which  was  to 
take  up  feveral  years.  His  lordlhip  faid,  that  nothing 
could  be  more  ignoble  than,  at  fuch  a time  of  life,  at 
the  height  of  my  reading,  health,  and  adlivity,  I fhould, 
as  it  were,  turn  peafant,  and  voluntarily  bury  myfelf 
in  obfcurity  and  idlenefs ; that  though  war  was  now 
drawing  faft  to  an  end,  full  as  honourable  a competition 
remained  among  men  of  fpirit,  which  fhould  acquit 
themfelves  beft  in  the  dangerous  line  of  ufeful  adven- 
ture and  difcovery. 

“ He  obferved,  that  the  coaft  of  Barbary,  which 
might  be  faid  to  be  juft  at  our  door,  was  yet  but  par- 
tially explored  by  Dr  Shaw,  who  had  only  illuftrated 
(very  judicioufly  indeed)  the  geographical  labours  of 
Sanfon ; that  neither  Dr  Shaw  nor  Sanfon  had  been, 
or  pretended  to  be,  capable  of  giving  the  public  any 
detail  of  the  large  and  magnificent  remains  of  ruined 
architedlure,  which  they  both  vouch  to  have  feen  in 
great  quantities,  and  of  exquifite  elegance  and  perfec- 
tion, all  over  the  country.  Such  had  not  been  their 
ftudy,  yet  fuch  was  really  the  tafte  that  was  required 
in  the  prefent  times.  He  wiftied,  therefore,  that  I 
fhould  be  the  firft,  in  the  reign  juft  now  beginning,  to 
fet  an  example  of  making  large  additions  to  the  royal 
collection  and  he  pledged  himfelf  to  be  my  fupport 
and  patron,  and  to  make  good  to  me,  upon  this  addi- 
tional merit,  the  promifes  which  had  been  held  forth  to 
me  by  former  minifters  for  other  fervices. 

“ The  difcovery  of  the  fource  of  the  Nile  was  alfo  a 
fubjeCt  of  thefe  converfations,  but  it  was  always  men- 
tioned to  me  with  a kind  of  diffidence,  as  if  to  be  ex- 
pected from  a more  experienced  traveller.  Whether 
this  was  but  another  way  of  exciting  me  to  the  at- 
tempt X lhall  not  fay  j but  my  heart,  in  that  inftant, 


did  me  juftice  to  fuggeft,  that  this  too  was  either  to 
be  atchieved  by  me,  or  to  remain  as  it  had  done  for 
thefe  laft  2000  years,  a defiance  to  all  travellers,  and 
an  opprobrium  to  geography. 

“ Fortune  feemed  to  enter  into  this  fcheme.  At 
the  very  inftant,  Mr  Afpinwall,  very  cruelly  and  igno- 
mlnioufly  treated  by  the  dey  of  Algiers,  had  refigned 
his  confulfhip,  and  Mr  Ford  a merchant,  formerly  the 
dey’s  acquaintance,  was  named  in  his  place.  Mr  Ford 
was  appointed,  and,  dying  a few  days  after,  the  conful- 
fhip became  vacant.  Lord  Halifax  preffed  me  to  ac- 
cept of  this  as  containing  all  forts  of  conveniences  for 
making  the  propofed  expedition. 

“ This  favourable  event  finally  determined  me.  I 
had  all  my  life  applied  unweariedly,  perhaps  with  more 
love  than  talent,  to  drawing,  the  practice  of  mathema- 
tics, and  efpecially  that  part  neceffary  to  aftronomy. 
The  tranfit  of  Venus  was  at  hand.  It  was  certainly 
known  that  it  would  be  vifible  once  at  Algiers,  and 
there  was  great  reafon  to  expeCt  it  might  be  twice.  I 
had  furniftied  myfelf  with  a large  apparatus  of  inftru- 
ments,  the  completed  of  their  kind,  for  the  obferva- 
tion.  In  the  choice  of  thefe,  I had  been  affifted  by  my 
friend  Admiral  Campbell,  and  Mr  Ruffel,  fecretary 
to  the  Turkey  Company  : every  other  neceffary  had 
been  provided  in  proportion.  It  was  a pleafure  now 
to  know  that  it  was  not  from  a rock  or  a wood,  but 
from  my  own  houfe  at  Algiers,  I could  deliberately 
take  meafures  to  place  myfelf  in  the  lift  of  men  of 
fcience  of  all  nations,  wffio  were  then  preparing  for  the 
fame  fcientific  purpofe. 

“ Thus  prepared,  I fet  out  for  Italy,  through  France ; 
and  though  it  was  in  time  of  war,  and  fome  ftrong  ob- 
jections had  been  made  to  particular  paffports,  folicited 
by  our  government  from  the  French  fecretary  of  ftate, 
Monfieur  de  Choifeul  moft  obligingly  waved  all  fuch 
exceptions  with  regard  to  me,  and  moft  politely  affur- 
ed  me,  in  a letter  accompanying  my  paffport,  that 
thofe  difficulties  did  not  in  any  ftiape  regard  me,  but 
that  I was  perfectly  at  liberty  to  pafs  through,  or  re- 
main in,  France,  with  thofe  that  accompanied  me, 
without  limiting  their  number,  as  ftiort  or  as  long  a 
time  as  fhould  be  agreeable  to  me. 

“ On  my  arrival  at  Rome,  I received  orders  to  pro- 
ceed to  Naples,  there  to  await  his  majefty’s  further 
commands.  Sir  Charles  Saunders,  then  with  a fleet 
before  Cadiz,  had  orders  to  vifit  Malta  before  he  re- 
turned to  England.  It  was  faid  that  the  grand  matter 
of  that  order  had  behaved  fo  improperly  to  Mr  Har- 
vey (afterwards  Lord  Briftol)  in  the  beginning  of  the 
war,  and  fo  partially  and  unjuftly  between  the  two  na- 
tions in  the  courfe  of  it,  that  an  explanation  on  our 
part  was  become  neceffary.  The  grand  matter  no 
fooner  heard  of  my  arrival  at  Naples,  than,  gueffing  the 
errand,  he  fent  off  Chevalier  Mazzini  to  London, 
where  he  at  once  made  his  peace  and  his  compliments 
to  his  majefty  upon  his  acceffion  to  the  throne. 

“ Nothing  remained  now  but  to  take  poffeffion  of 
my  confulfhip.  I returned,  without  lofs  of  time,  to 
Rome,  and  from  thence  to  Leghorn,  where  having  em- 
barked on  board  the  Montreal  man  of  war,  I proceeded 
to  Algiers. 

“ While  at  Naples,  I received  from  flaves,  redeemed 
from  the  province  of  Conftantine,  accounts  of  magnifi- 
cent ruins  they  had  feen  while  traverfing  that  country 
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Bruce,  with  their  mafter  the  Bey,  I faw  the  abfolute  neceffity 
there  was  for  affiftance,  without  which  it  was  impoffible 
for  any  one  man,  however  diligent  and  qualified,  to  do 
any  thing  but  bewilder  liimfelf.  All  my  endeavours, 
however,  had  hitherto  been  unfuccefsful  to  perfuade 
any  Italian  to  put  himfelf  wilfully  into  the  hands  of  a 
people  conftantly  looked  upon  by  them  in  no  better 
. light  than  pirates.  At  laft  Mr  Lumifden,  by  accident, 
heard  of  a young  man  who  was  then  ftudying  archi- 
tedture  at  Rome,  a native  of  Bologna,  whofe  name  was 
Luigi  Balugani.  I can  appeal  to  Mr  Lumifden  as  to 
the  extent  of  this  perfon’s  pradlice  and  knowledge,  and 
that  he  knew  very  little  when  firft  fent  to  me.  In  the 
twenty  months  which  he  ftaid  with  me  at  Algiers,  by 
affiduous  application  to  proper  fubjedts  under  my  in- 
ftrudlion,  he  became  a very  confiderable  help  to  me,  and 
was  the  only  one  that  ever  I made  ufe  of,  or  that  at- 
tended me  for  a moment,  or  ever  touched  one  reprefen- 
talion  of  architedlure  in  any  part  of  my  journey.” 

Our  traveller,  when  in  Spain,  had  endeavoured  to 
find  accefs  to  that  immenfe  colledlion  of  Arabic  manu- 
fcripts  which  were  perilhing  in  the  dull  of  the  efcurial ; 
but  in  vain.  “ All  my  fuccefs  (fays  he)  in  Europe 
terminated  in  the  acquifition  of  thofe  few  printed  Ara- 
bic books  that  I had  found  in  Holland  ; and  thefe  were 
rather  biographers  than  general  hiftorians,  and  contain- 
ed little  in  point  of  general  information.  The  ftudy  of 
thefe,  however,  and  of  Maracci’s  Koran,  had  made  me 
a very  tolerable  Arab  ; a great  field  was  opening  before 
me  in  Africa  to  complete  a colledlion  of  manufcripts, 
an  opportunity  which  I did  not  negledl. 

“ After  a year  fpent  at  Algiers,  conftant  converfa- 
tion  with  the  natives  while  abroad,  and  with  my  manu- 
fcripts within  doors,  had  qualified  me  to  appear  in  any 
part  of  the  continent  without  the  help  of  an  interpre- 

‘ ter.  Ludolf  had  affured  his  readers,  that  the  know- 
ledge of  any  oriental  language  would  foon  enable  them 
to  acquire  the  Ethiopic ; and  I needed  only  the  fame 
number  of  books  to  have  made  my  knowledge  of  that 
language  go  hand  in  hand  with  my  attainments  in  the 
Arabic.  My  immediate  profpedl  of  fetting  out  on  my 
journey  to  the  inland  parts  cf  Africa,  had  made  me 
double  my  diligence ; night  and  day  there  was  no  re- 
laxation from  thefe  ftudies,  although  the  acquiring  any 
fingle  language  had  never  been  with  me  either  an  ob- 
jedl  of  time  or  difficulty.” 

A^^lgiers  Mr  Bruce  was  detained  longer  than  he 
expected,  in  confequence  of  a difpute  with  the  Dey 
concerning  Mediterranean  paffes.  This  being  adjuftcd, 
he  proceeded  to  Mahon,  and  from  Mahon  to  Carthage. 
He  next  vifited  Tunis  and  Tripoli,  and  travelled  over 
the  interior  parts  of  thefe  ftates.  At  Bengazi,  a fmall 
town  on  the  Mediterranean,  he  fuffered  Ihipwreck,  and 
with  extreme  difficulty  faved  his  life,  though  with  the 
lofs  of  all  his  baggage.  He  afterwards  failed  to  the 
ifles  of  Rhodes  and  Cyprus,  and  proceeding  to  Afia 
Minor,  travelled  through  a confiderable  part  of  Syria 
and  Paleftine,  vifiting  Haffia,  Latikea,  Aleppo,  and 
Tripoli  ; near  which  laft  city  he  was  again  in  imminent 
danger  of  perilhing  in  a river.  The  ruins  of  Palmyra 
and  Baalbec  were  next  carefully  furveyed  and  Iketched 
by  him  ; and  his  drawings  of  thefe  places  are  depofited 
in  the  king’s  library  at  Kew  ; “ the  moft  magnificent 
prefent  in  that  line,”  to  ufe  his  own  words,  “ ever  made 
by  a fubje«5t  to  his  fovereign,” 
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It  is  much  to  be  regretted  that  Mr  Bruce  publilhed  Bruce, 
no  particular  account  of  thefe  various  journeys  ; from 
the  nature  of  the  places  vifited,  and  the  abilities  of  the 
man,  much  curious  and  ufeful  information  might  have 
been  expeded.  Some  manufcript  accounts  of  different 
parts  of  them  are  faid  to  have  been  left  by  him,  but 
whether  in  fuch  a ftate  as  to  be  fit  for  publication,  wq 
have  not  learned. 

In  thefe  various  travels  fome  years  were  paffed  ; and 
Mr  Bruce  now  prepared  for  the  grand  expedition,  the 
accompliftiment  of  which  had  ever  been  neareft  his 
heart,  the  difcovery  of  the  fources  of  the  Nile.  In  the 
profecution  of  that  dangerous  objed,  he  left  Sidon  on 
the  15th  of  June  1768,  and  arrived  at  Alexandria  on 
the  20th  of  that  month.  He  proceeded  from  thence 
to  Cairo,  where  he  continued  to  the  12th  of  December 
following,  when  he  embarked  on  the  Nile  ; and  in  a ve- 
ry extraordinary  boat,  called  a canja,  of  which  he  fays 
the  main-fail  yard  was  about  200  feet  in  length,  he 
failed  up  that  river  as  far  as  Syene,  vifiting  in  the  courfe 
of  his  voyage  the  ruins  of  Thebes,  and  the  place  where 
Memphis  once  ftood,  now  known  by  the  name  of  ilA- 
trahenny.  Leaving  Kenne  on  the  Nile,  1 6th  February 
1769,  he  croffed  the  defert  of  the  Thebald  to  Coffeir 
on  the  Red  Sea,  and  arrived  at  Jidda  on  the  3d  of  May. 

In  Arabia  Felix  he  remained,  not  without  making  feve- 
ral  excurfions,  till  the  3d  of  September,  when  he  failed 
from  I.oheia,  and  arrived  on  the  19th  at  Mafuah,  wffiere 
he  was  detained  near  two  months  by  the  treachery  and 
avarice  of  the  Naybe  of  that  place.  It  was  not  till  the 
15th  of  November  that  he  was  allowed  to  quit  Arkeeko, 
near  Mafua  ; and  he  arrived  on  the  15th  of  February 
1770  at  Gondar,  the  capital  of  Abyffinia,  where  he 
ingratiated  himfelf  wdth  the  moft  confiderable  perfons 
of  both  fexes  belonging  to  the  court.  This  he  accom- 
pliftied  by  being  a phylician  in  the  city,  a foldier  in  the 
field,  a courtier  everywhere,  demeaning  himfelf  as  con- 
fcious  that  he  was  not  unworthy  of  being  a companion 
to  the  firft  of  their  nobility,  and  the  king’s  gueft,  which 
is  there  a charaffer,  as  it  was  with  eaftern  nations  of 
old,  to  which  a certain  fort  of  confideration  is  due. 

“ To  this  I may  add  (fays  he),  that,  being  in  the  prime 
of  life,  of  no  ungracious  figure,  having  an  accidental 
knack,  which  is  not  a trifle,  of  putting  on  the  drefs, 
and  fpeaking  the  language  eafily  and  gracefully,  I cul- 
tivated, with  the  utmoft  affiduity,  the  friendfliip  of  the 
fair  fex,  by  the  moft  modeft  and  refpeclful  diftant  at- 
tendance and  obfequioufnefs  in  public,  abating  juft  as 
much  of  that  in  private  as  fuited  their  humours  and 
inclination ;”  and  jealoufy  being  a paffion  Unknown  in 
Abyffinia,  he  thus  acquired  from  the  ladies  great  fup- 
port  at  court. 

Several  months  were  employed  in  attendance  on  the 
king,  and  in  an  unfuccefsful  expedition  round  the  lake 
of  Dambea.  Towards  the  end  of  Oclober  Mr  Bruce 
fet  out  for  the  fources  of  the  Nile ; at  which  long  de- 
fired  fpot  he  arrived  on  the  14th  of  November  ; and  his 
feelings  on  the  accompliftiment  of  his  willies  cannot  bet- 
ter be  expreffed  than  in  his  own  words : 

“ It  is  eafier  to  guefs  than  to  defcribe  the  fituation 
of  my  mind  at  that  moment ; (landing  in  that  fpot 
which  had  baffled  the  genius,  induftry,  and  inquiry,  of 
ancients  and  moderns  for  the  courfe  of  near  3000  years. 

Kings  had  attempted  this  difcovery  at  the  head  of  ar- 
mies, and  each  expedition  was  diftinguifhed  from  the 
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Bruce,  laft  only  by  the  difference  of  the  numbers  wlilch  had 
perifhed^  and  agreed  alone  in  the  difappointment  which 
had  uniformly,  and  without  exception,  followed  them 
all.  Fame,  riches,  and  honour,  had  been  held  out  for 
a feries  of  ages  to  every  individual  of  thofe  myriads 
thofe  princes  commanded,  without  having  produced  one 
man  capable  of  gratifying  the  curiofity  of  his  fovereign, 
or  wiping  off  this  ftain  upon  the  enterprife  and  abilities 
of  mankind,  or  adding  this  defideratum  for  the  encou- 
ragement of  geogr.aphy.  Though  a mere  private  Bri- 
ton, I triumphed  here  in  my  own  mind  over  kings  and 
their  armies ; and  every  comparifon  was  leading  nearer 
and  nearer  to  the  prefumption,  when  the  place  itfelf 
where  I ftood,  the  obje£t  of  my  vain  glory,  fuggefted 
what  depreffed  my  ftiort-lived  triumphs.” 

If  thefe  triumphs  were  fhort-Iived,  they  were  equally 
ill-founded  ; for  if  the  fource  of  the  Nile  was  feen  by 
Mr  Bruce,  there  can  be  no  doubt  of  its  having  been 
likewife  feen  by  the  Portuguefe  jefuits.  Of  this  we 
have  elfewhere  brought  forward  fufficient  proof ; and 
the  candid  reader,  who  (hall  take  the  trouble  to  com- 
pare the  extradl  printed  at  the  bottom  of  this  page  (a), 
with  our  traveller’s  account  of  thefe  coy  fountains,  as  it 
hands  in  his  own  book  or  in  our  article  Nile  ( Encych), 
will  be  convinced  that  it  was  ridiculous  in  Mr  Bruce, 
and  is  equally  ridiculous  in  his  friends,  to  pretend  that 
he  difcovered  what  had  baffled  the  genius  of  inquiry  for 
the  courfe  of  near  3000  years. 

It  was  not,  however,  the  confcioufnefs  of  having 
been  anticipated  by  the  jefuits  (for  thefe  he  without  ce- 
remony calls  a fet  of  liars),  but  the  profpcft  of  danger 
to  be  encountered  on  his  return  to  Europe,  that  caff 
fuch  a damp  on  his  prefent  enjoyment.  “ I was  but  a 
few  minutes  (fays  he)  arrived  at  the  fource  of  the  Nile, 
through  nurnberlefs  dangers  and  fufferings,  the  leaft  of 
wfflich  would  have  overwhelmed  me,  but  for  the  conti- 
nual goodnefs  and  proteflion  of  Providence ; I was, 
however,  but  then  half  through  ray  journey,  and  all 
thofe  dangers  which  I had  already  paffed  awaited  me 
again  on  my  return.  I found  a defpondency  gaining 
ground  faft  upon  me,  which  blafted  the  crown  of  laurels 
I had  too  rafhly  w'oven  for  myfelf.” 

When  he  returned  to  reft  the  night  of  that  difcovery, 
repofe  was  fought  for  in  vain.  “ Melancholy  refleflions 
upon  my  prefent  ftate,  the  doubtfulnefs  of  my  return  in 
fafety,  were  I permitted  to  make  the  attempt,  and  the 


fears  that  even  this  would  be  refufed,  according  to  the 
rule  obferved  in  Abyffinia  with  all  travellers  who  have 
once  entered  the  kingdom ; the  confcioufnefs  of  the 
pain  that  I was  then  occafioning  to  many  worthy  indi- 
viduals, expecting  daily  that  information  concerning  my 
fituation  which  it  was  not  in  my  power  to  give  them ; 
fome  other  thoughts  perhaps,  ftill  nearer  the  heart  than 
thofe,  crowded  upon  my  mind,  and  forbade  all  approach 
of  fleep. 

“ I was,  at  that  very  moment,  in  poffeffion  of  what 
had  for  many  years  been  the  principal  objed  of  my  am- 
bition and  wifhes ; indifference  which,  from  the  ufual 
infirmity  of  human  nature,  follows,  at  leaft  for  a time, 
complete  enjoyment,  had  taken  place  of  it.  The  marffl, 
and  the  fountains,  upon  comparifon  with  the  rife  of 
many  of  our  rivers,  became  now  a trifling  objedt  in  my 
fight.  I remembered  that  magnificent  fcene  in  my 
owm  native  country,  where  the  Tweed,  Clyde,  and  An- 
nan, rife  in  one  hill ; three  rivers  I now  thought  not 
inferior  to  the  Nile  in  beauty,  preferable  to  it  in  the 
cultivation  of  thofe  countries  through  which  they  flow  ; 
fuperior,  vaftly  fuperior  to  it  in  the  virtues  and  qualities 
of  the  inhabitants,  and  in  the  beauty  of  its  flocks, 
crowding  its  paftures  in  peace,  without  fear  of  violence 
from  man  or  beaft.  I had  feen  the  rife  of  the  Rhine 
and  Rhone,  and  the  more  magnificent  fources  of  the 
Soane ; I began,  in  my  forrow,  to  treat  the  inquiry 
about  the  fource  of  the  Nile  as  a violent  effort  of  a dif- 
tempered  fancy, 

‘ What’s  Hecuba  to  him,  or  he  to  Hecuba, 

‘ That  he  ftiould  weep  for  her  ?’ 

Grief  and  defpondency  now  rolling  upon  me  like  a tor- 
rent, relaxed,  not  refreflied,  by  unquiet  and  imperfedt 
fleep,  I ftarted  from  my  bed  in  the  utmoft  agony ; I 
went  to  the  door  of  my  tent,  every  thing  was  ftill ; the 
Nile,  at  whofe  head  I ftood,  was  not  capable  either  to 
promote  or  to  interrupt  my  flumbers,  but  the  coolnefs 
and  ferenity  of  the  night  braced  my  nerves,  and  chafed 
away  thofe  phantoms  that  while  in  bed  had  oppreffed 
and  tormented  me. 

“ It  was  true  that  numerous  dangers,  hardftiips,  and 
forrows,  had  befet  me  through  this  half  of  my  excur- 
fion  ; but  it  was  ftill  as  true,  that  another  Guide,  more 
powerful  than  my  own  courage,  health,  or  underftand- 
ing,  if  any  of  them  can  be  called  man’s  own,  had  uni- 
formly 


Bruce. 


(a)  “ In  the  eaftern  part  of  this  kingdom,  on  the  declivity  of  a mountain,  whofe  defeent  is  fo  eafy  that  it 
feems  a beautiful  plain,  is  that  fource  of  the  Nile  which  has  been  fought  after  at  fo  much  expence  of  labour,  and 
about  which  fuch  variety  of  conjedlures  hath  been  formed  without  fuccefs.  This  fpring,  or  rather  thefe  two 
fprings,  are  two  holes,  each  about  two  feet  diameter,  a (tone’s  caft  diftantfrom  each  other.  The  one  is  about 
five  feet  and  an  half  in  depth,  at  leaft  we  could  not  get  our  plummet  farther,  perhaps  becaufe  it  was  ftopped  by 
roots,  for  the  whole  place  is  full  of  trees : of  the  other,  which  is  fomewhat  lefs,  with  a line  of  ten  feet  w'e  could 
find  no  bottom,  and  were  affured  by  the  inhabitants  that  none  ever  had  been  found.  It  is  believed  here  that 
thefe  fprings  are  the  vents  of  agreatfubterraneous  lake  ; and  they  have  this  circumttanceto  favour  their  opinion, 
that  the  ground  is  always  moift,  and  fo  foft  that  the  water  boils  up  under  foot  as  one  walks  upon  it.  Such  is 
the  ground  round  about  thefe  fountains.  At  a little  diftance  to  the  fouth  is  a village  named  Guix  (the  Geejh  of 
Mr  Bruce),  through  which  the  way  lies  to  the  top  of  the  mountain,  whence  the  traveller  difeovers  a vaft  extent 
of  land,  which  appears  like  a deep  valley,  though  the  mountain  rifes  fo  imperceptibly,  that  thofe  who  go  up  or 
down  it  are  fcarce  fenfible  of  any  declivity.” — Johnfon’s  Tranjlation  of  Father  Lobd’s  Voyage  io  AhyJJiniat 
Chap.  X. 

The  only  difference  between  Lobo’s  and  Bruce’s  account  of  thefe  fountains  worthy  of  notice  is,  that  the 
former  found  but  t<wo,  while  the  latter  found  three  holes ; but  Bruce  fays  exprefsly,  that  the  holes  are  partly 
artificial ; and  Lobo’s  defeription  of  them  indicates  the  fame  thing.  It  is  therefore  not  improbable  that  there 
may  now  be  four  or  five  holes. 
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formly  proteded  me  in  all  that  tedious  half.  I found 
my  confidence  not  abated,  that  ftill  the  fame  Guide  was 
able  to  condufl  me  to  my  wi(hed-for  home.  I imme- 
diately refumed  my  former  fortitude,  confidered  the 
Nile  as  indeed  no  more  than  rifing  from  fprings  as  all 
other  rivers  do,  but  widely  differing  in  this,  that  it  was 
the  palm  for  5000  years  held  out  to  all  the  nations  of 
the  world  as  a detur  dlgnifftmo,  which  in  my  cool  hours 
I had  thought  was  worth  the  attempting  at  the  rilk  of 
my  life,  which  I had  long  either  refolved  to  lofe,  or  lay 
this  difcovery  a trophy  in  which  I could  have  no  com- 
petitor, for  the  honour  of  my  country,  at  the  feet  of 
my  fovereign,  whofe  fervant  £ was.” 

How  unworthy  is  this  ranting  refieffion  of  the  great- 
nefs  of  mind  which  Mr  Bruce  on  other  occafions  un- 
queftionably  difplayed ! Had  he  indeed  been  the  firft 
European  who  difcovered  thofe  pitiful  holes  from  which 
the  Nile  is  faid  to  flow,  his  merit  would  not  have  con- 
fifted  in  travelling  from  Gondar  to  the  village  Geefti, 
and  viewing  the  fountains  which  are  at  that  village  the 
objedls  of  idolatrous  adoration,  but  in  the  addrefs  with 
which  he  contrived  to  make  himfelf  the  favourite  of  all 
the  fadtions  which  agitated  a barbarous  and  almofl;  in- 
human nation.  In  managing  thofe  faflions,  he  was  in. 
deed  great ; but  he  feenis  to  have  valued  himfelf  more 
upon  looking  at  three  fprings,  of  which  it  is  far  from 
being  certain  that  they  are  the  fources  of  the  Nile  (fee 
Nile,  EncycL),  and  of  which  two  had  certainly  been 
examined  more  than  a century  before  he  was  born,  by 
different  miffionaries  from  the  kingdom  of  Portugal ! 
This,  however,  he  calls  the  objedt  of  his  wiflres ; and 
having  now  accomplillied  it,  he  bent  his  thoughts  on 
his  return  to  his  native  country. 

He  arrived  at  Gondar  on  the  19th  November  1770  ; 
but  found,  after  repeated  felicitations,  that  it  was  by  no 
means  an  eafy  talk  to  obtain  permiffion  to  quit  Abyf- 
finia.  A civil  war  in  the  mean  time  breaking  out  (no 
uncommon  occurrence  in  that  barbarous  country),  feve. 
ral  engagements  took  place  between  the  king’s  forces 
and  the  troops  of  the  rebels,  particularly  three  adtions 
at  a place  called  Serbraxos  on  the  19th,  20th,  and  23d 
of  May  1771.  In  each  of  them  Mr  Bruce  adted  a confi- 
derable  part,  and  for  his  valiant  condudt  in  the  fecond 
received,  as  a reward  from  the  king,  a chain  of  gold,  of 
184  links,  each  link  weighing  dwts.  or  fomewhat 
more  than  2-|-lbs.  troy  in  all.  At  Gondar,  after  thefe 
engagements,  he  again  preferred  the  moft  earneft  intrea- 
ties to  be  allowed  to  return  home,  intreaties  which  were 
long  refifted ; but  his  health  at  laft  giving  way,  from 
the  anxiety  of  his  mind,  the  king  cenfented  to  his  de- 
parture, on  condition  of  his  engaging  by  oath  (b)  to 
return  to  him  in  the  event  of  his  recovery,  with  as  ma- 
ny of  his  kindred  as  he  could  engage  to  accompany 
him. 

After  a refidcnce  of  nearly  two  years  in  that  wretch- 
ed country,  Mr  Bruce  left  Gondar  on  the  16th  of  De- 
cember 1771,  taking  the  dangerous  way  of  the  defart 
of  Nubia,  in  place  of  the  more  eafy  road  of  Mafuah, 
by  which  he  entered  Abyffinia.  He  was  induced  to 
take  this  route  from  his  knowledge  and  former  expe- 
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rience  of  the  cruel  and  favage  temper  of  the  Naybe  of 
Mafuah.  Arriving  at  Teawa  the  2 1 ft  March  1 772,  he 
had  the  misfortune  to  find  the  Shekh  Fidele  of  Atbara, 
the  counterpart  of  the  Naybe  of  Mafuah,  in  every  bad 
quality  ; by  his  intrepidity  and  prudence,  however,  and 
by  making  good  ufe  of  his  foreknowledge  of  an  eclipfe 
of  the  moon,  which  happened  on  the  17th  of  April,  he 
was  permitted  to  depart  next  day,  and  he  arrived  at 
Sennaar  on  the  29th  of  the  fame  month. 

Mr  Bruce  was  detained  upwards  of  four  months  at 
that  miferable  and  inhofpitable  place  ; the  inhabitants 
of  which  he  deferibes  in  thefe  expreffive  words ; “ War 
and  treafon  feem  to  be  the  only  employment  of  thefe 
horrid  people,  whom  heaven  has  feparated  by  almoft 
impaffable  deferts  from  the  reft  of  mankind,  confining 
them  to  an  accurfed  fpot,  feemingly  to  give  them  an 
earneft  in  time  of  the  only  other  worfe  which  he  has 
referved  to  them  for  an  eternal  hereafter.”  This  delay 
was  occafioned  by  the  villany  of  thofe  who  had  under- 
taken to  fupply  him  with  money;  but  at  laft,  by  dif- 
pofing  of  178  links  of  his  gold  chain,  the  well-earned 
trophy  of  Serbraxos,  he  w'as  enabled  to  make  prepara- 
tion for  his  dangerous  journey  though  the  deferts  of 
Nubia. 

He  left  Sennaar  on  the  5th  of  September,  and  ar- 
rived on  the  3d  of  Offober  at  Chendi,  which  he  quit- 
ted on  the  20th,  and  travelled  through  the  defert  of 
Gooz,  to  which  village  he  came  on  the  26th  of  Offo- 
ber.  On  the  9th  of  November  he  left  Gooz,  and  en- 
tered upon  the  moft  dreadful  and  dangerous  part  of  his 
journey  ; the  perils  attending  which  he  has  related  with 
a power  of  pencil  not  unworthy  of  the  greateft  mafters. 
Ail  his  camels  having  perifhed,  Mr  Bruce  was  under 
the  neceflity  of  abandoning  his  baggage  in  the  defert, 
and  with  the  greateft  difficulty  reached  Affouan  upon 
the  Nile  on  the  29th  of  November. 

After  fome  days  reft,  having  procured  frefh  camels, 
he  returned  into  the  defert,  and  recovered  his  baggage, 
among  which  is  particularly  to  be  remarked  a quadrant 
(of  three  feet  radius)  fupplied  by  Louis  XV.  from  the 
Military  Academy  at  Marfeilles  ; by  means  of  which 
noble  inftrument,  now  depofited  in  the  mufeum  at  Kin- 
naird,  Mr  Bruce  was  enabled  with  precifion  and  accu- 
racy to  fix  the  relative  fituations  of  the  feveral  remote 
places  he  vifited. 

On  the  loth  of  January  1773,  niore  than  four 
years  abfence,  he  arrived  at  Cairo,  where,  by  his  man- 
ly and  generous  behaviour,  he  fo  won  the  heart  of  Ma- 
homet Bey,  that  he  obtained  a firman,  permitting  the 
commanders  of  Engliffi  veffels  belonging  to  Bombay 
and  Bengal  to  bring  their  ftips  and  merchandife  to 
Suez,  a place  far  preferable  in  all  refpedls  to  Jidda,  to 
which  they  were  formerly  confined.  Of  this  permif- 
fion, which  no  European  nation  could  ever  before  ac- 
quire, many  Englifli  veffels  have  fince  availed  them- 
felves  ; and  it  has  proved  peculiarly  ufeful  both  in  pub- 
lic and  private  difpatches.  Such  was  the  worthy  con- 
clufion  of  his  memorable  journey  through  the  defert ; a 
journey  which,  after  many  hardfliips  and  dangers,  ter- 
minated in  obtaining  this  great  national  benefit. 

At 
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(b)  With  regard  to  this  oath,  Mr  Bruce  fays,  that  he  hopes  the  difficulty  of  performing  it  extinguifhed  the 
fin  of  breaking  it;  and  that,  at  any  rate,  it  being  merely  perfonal,  his  engagement  to  return  ceafed  with  the 
death  of  the  king,  of  which  he  received  intelligence  during  his  ftay  at  Sennaar. 
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of  the  narration.  Yet  there  appears  upon  the  whole  that  in  perfonal  accompliftiments  Mr  Bruce  equalled,  Brace, 
fuch  an  air  of  manly  veracity,  and  circumftances  are  if  not  exceeded,  mod  of  his  contemporaries.  II 

mentioned  with  a minutenefs  fo  unlike  deceit,  that  thefe  Thus  accomplifiicd,  he  could  not  but  be  eminently 
doubts  are  overcome  by  the  general  impreffion  of  truth,  fitted  for  an  attempt  fo  full  of  difficulty  and  danger  as 
which  the  whole  detail  irrefiftibly  faftens  upon  the  what  he  called  the  difeovery  of  the  fources  of  the  Nile  : 
mind.  The  charafter  of  Ras  Michael  has  often  ftruck  no  one  who  perufes  his  account  of  the  expedition,  can 
us,  as  containing  very  ftrong  internal  evidence  of  its  fail  to  pay  an  unfeigned  tribute  of  admiration  to  his 
having  been  taken  from  nature  ; for  it  is  fuch  a charac-  intrepidity,  manlinefs,  and  uncommon  dexterity,  in  ex- 
ter,  at  once  extraordinary  and  confident,  as  neither  tricating  himfelf  out  of  fituations  the  mod  dangerous 
Mr  Bruce,  nor  perhaps  any  writer  fince  Shakefpeare,  and  alarming,  in  the  courfe  of  his  long  and  hazardous 
had  genius  to  feign.  journey;  not  to  mention  his  conduft  during  his  refi- 

The  fird  impreffion  of  the  book  being  almod  difpo-  dence  in  Abyffinia,  his  behaviour  at  Mafuah,  Teawa, 
fed  of,  Mr  Bruce  had  dipulated  with  an  eminent  book-  and  Sennaar,  evinces  the  uncommon  vigour  of  his  mind; 
feller  in  London  for  a fecond  edition  to  be  publifhed,  but  it  was  chiefly  during  his  paflage  through  the  Na- 
we  think  in  8vo  ; and  he  was  bufy  in  preparing  that  bian  defert  that  his  fortitude,  courage,  and  prudence, 
edition  for  the  prefs  when  death  removed  him  from  appeared  to  the  gres^ted  advantage.  Of  his  learning 
this  tranfitory  dage.  On  the  26th  of  April  1794  he  and  fagacity,  his  delineation  of  the  courfe  of  Solomon’s 
entertained  fome  company  afi  Kinnaird-houfe  W'lth  his  fleet  from  Tarftiifli  to  Ophir,  his  account  of  the  caufe 
ufual  hofpit.ality  and  elegance.  About  eight  o’clock  in  of  the  inundations  of  the  Nile,  and  his  comprehenfive 
the  evening,  when  his  gueds  w'ere  ready  to  depart,  he  view  of  the  Abyfllnian  hidory,  afford  ample  proofs.  It 
was  handing  one  of  the  ladies  down  dairs,  when,  hav-  mud  indeed  be  confeffed,  that  in  his  account  of  the  in- 
ing  reached  the  feventh  or  eighth  dep  from  thebotijom,  undations  of  the  Nile,  as  well  as  in  his  delineation  of 
his  foot  flipped,  and  he  fell  down  headlong.  He  was  the  courfe  of  Solomon’s  fleet,  he  has  not  the  merit  of 
taken  up  fpeechlefs ; his  face,  particularly  the  forehead  originality  ; but  on  both  thefe  occafions  he  has  dated 
and  temples,  being  feverely  cut  and  bruifed,  and  the  the  hypoihefis  which  he  maintains  with  greater  dear- 
bones  of  his  hands  broken.  He  continued  in  a date  of  nefs,  and  fupported  it  with  more  plaufible  arguments, 
apparent  infenfibility  for  eight  or  nine  hours,  and  expired  than  any  other  author  whofe  writings  have  fallen  into 
on  Sunday  the  27th,  in  the  64th  year  of  his  age.  our  hands  ; and  it  was  furely  to  his  honour,  that  as  foon 

Mr  Bruce’s  fecond  wife,  whom  he  married  on  the  as  he  learned  that  his  hypothefis  refpeding  Ophir  and 
20th  May  1776,  was  Mary,  elded  daughter  of  Tho-  Tarfliifh  had  been  controverted  by  Dr  Doig  of  Stirling, 
mas  Dundas,  Efq ; of  Carron-hall,  by  Lady  Janet  he  earnedly  courted  the  acquaintance  of  that  eminent 
Maitland,  daughter  of  Charles  fixth  Earl  of  Lauder-  fcholar. 

dale.  By  that  lady,  who,  after  a fevere  and  lingering  After  his  return  to  his  own  country,  he  refided  mod- 
indifpofition,  died  in  1784,  he  had  three  children,  of  ly  at  Kinnaird  ; and  till  he  became  corpulent,  fpent 
whom  onefon  and  one  daughter  furvive  him.  much  of  his  time  in  the  various  fports  of  the  field,  in 

Mr  Bruce’s  perfon  was  large,  his  height  exceeding  which  he  engaged  with  great  ardour.  Though  dudious 
fix  feet,  his  bulk  being  in  proportion  to  his  height;  in  youth,  and  at  all  times  a dranger  to  intemperance 
and  at  the  period  when  he  entered  on  his  dangerous  ex-  and  diffipation,  he  read  but  little  in  his  later  years  ; and 
pedition,  he  was  equally  remarkable  for  drengih  and  feemed  to  find  his  chief  pleafure  in  converfation,  efpe- 
for  agility.  To  thofe  who  never  beheld  him,  the  en-  cially  the  converfation  of  well-informed  ladies.  In  his 
graved  medallion  in  the  title  pages  of  the  fird  and  third  friendfhips  he  fometimes  appeared  to  be  capricious,  at- 
volumes  of  his  Travels  will  convey  fome  idea  of  his  fea-  taching  himfelf  to  men  in  whofe  heads  and  hearts  no 
tures.  He  excelled  in  all  manly  accomplifliments,  being  other  perfon  could  perceive  a charm  for  a mind  like  his. 
trained  to  exercife  and  fatigue  of  every  kind.  He  was  Though  in  his  own  dealings  he  was  always  jud  and  ho- 
a hardy,  pradtifed,  and  indefatigable  fwimmer  ; and  his  nourable,  he  was  too  ready  to  apprehend  unfairnefs  in 
long  refidence  among  the  Arabs  had  given  him  a more  others,  and  to  exprefs  fuch  apprehenfions  with  undue 
than  ordinary  facility  in  managing  the  horfe.  In  the  ufe  warmth.  To  drangers  he  was  often  arrogant,  and 
of  firearms  he  was  fo  unerring,  that  in  innumerable  in-  fometimes  infolent ; but  in  his  own  family  he  was  an 
dances  he  never  failed  to  hit  the  mark  ; and  his  dexte-  affedlionate  hulband,  a kind  father,  an  agreeable  enter- 
rity  in  handling  the  fpear  and  lance  on  horfeback  was  tainer,  and  to  his  fervants  a mader  perhaps  too  indul- 
alfo  uncommonly  great.  He  was  mader  of  mod  Ian-  gent.  In  converfation,  as  well  as  in  his  writings,  he 
guages  ; and  was  fo  well  {killed  in  oriental  literature,  embraced  every  opportunity  of  expreffing  a deep  and 
that  he  revifed  the  New  Tedament  in  the  Ethiopic,  Sa-  lively  fenfe  of  the  care  of  a fuperintending  Providence, 
maritan,  Hebrew,  and  Syriac,  making  many  ufeful  without  which  he  was  convinced  that  there  could  be  no 
notes  and  remarks  on  difficult  paffages.  He  had  ap-  fafety  in  human  drength  or  human  forefight.  His  belief 
plied  from  early  youth  to  mathematics,  drawing,  and  of  the  Chridian  religion  reded  on  the  fured  grounds  ; 
adronomy,  and  had  acquired  fome  knowledge  of  phyfic  and  fuch  was  his  veneration  for  the  facred  writings,  that 
andfurgery.  His  memory  was  adoniflringly  retentive,  for  fome  years  before  his  death  they  feemed  to  occupy 
and  his  mind  vigorous.  He  was  dexterous  in  negocia-  all  the  time  which  he  gave  to  dudy.  He  read  no  fer- 
tion,  a mader  of  public  bufinefs,  and  animated  with  the  mons,  however  elegant ; and  diffuaded  others  from  fuch 
warmed  zeal  for  the  glory  of  his  king  and  country,  reading.  “ Read  the  Bible  (faid  he),  and  you  will 
Such,  at  lead,  is  his  onvn  reprefentation  of  his  charac-  foon  perceive  the  emptinefs  of  the  mod  applauded  fer- 
ter ; and  though  an  impartial  judge  would  probably  mons.” 

make  confiderable  abatement  for  the  natural  bias  of  a BRUNSWICK,  a maritiit)e  county  in  Wilmington 
man  drawing  his  own  portrait,  yet  it  cannot  be  denied,  didrift,  N.  Carolina,  containing  3071  inhabitants,  of 
SuppL.  VoL.  I.  2 whom 
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Bruiifwklc  whom  1511  are  flaves.  It  is  the  mod  foutherly  coun- 
H ty  of  the  date,  having  S.  Carolina  on  the  S.  W.  and 
bounded  by  Cape  Fear  River  on  the  E.  Smithville 
is  the  feat  of  Judice. — Morse. 

Brunswick,  the  chief  tovi-n  in  the  above  county, 
fituated  on  the  W.  fide  of  Cape  Fear  River ; it  was 
formerly  the  bed  built  in  the  whole  date,  and  carried 
on  the  mod  extenfive  trade.  It  lies  30  miles  above  the 
capes,  about  9 miles  N.  of  Fort  Johnfon,  17  S.  W.  of 
Wilmington,  and  was  formerly  the  feat  of  government. 
In  1780,  it  was  burnt  down  by  the  Britidi,  and  has 
now  only  3 or  4 houfes  and  an  elegant  church  in 
ruins. — ih. 

Brunswick,  a towndiip  in  Edex  co.  Vermont,  on 
the  . bank  of  Connedicut  River,  oppofite  Stratford, 
in  New-Hampdiire. — il. 

Brunswick,  a city  in  Middlefex  co.  New-Jerfey,  is 
fituated  on  the  S.  W.  bank  of  Rariton  River,  in  a low 
fituation  ; the  mod  of  the  houfes  being  built  under  a 
hill  which  rifes  W.  of  the  town.  It  has  between  200 
and  300  houfes,  and  about  2500  inhabitants,  one  half 
of  whom  are  Dutch.  Queen’s  College  was  in  this  city, 
but  is  now  extindl  as  a place  of  indru<5Uoh.  There  is 
a confiderable  inland-trade  carried  on  here.  One  of 
the  mod  elegant  and  expenfive  bridges  in  America, 
has  been  built  over  the  river  oppofite  this  city.  Brunf- 
wlck  is  18  miles  N.  E.  of  Princetown,  60  N.  E.  from 
Philadelphia,  and  35  S.  W.  from  New-York.  N.  lat. 
40  30.  W.  long.  74.  30. — ih. 

Brunswick,  in  Cumberland  co.  didridl  of  Maine, 
contains  1387  inhabitants,  and  lies  N.  E.  of  Portland 
30  miles,  and  of  Bodon  15 1.  It  is  in  N.  lat.  43.  52. 
on  the  S.  fide  of  Merry  Meeting  Bay,  and  partly  on 
the  S.  w'edern  fide  of  Androfeoggin  River.  Bowdoin 
College  is  to  be  edablidied  in  this  town. — ib. 

Brunswick,  the  chief  town  of  Glynn  co.  Georgia, 
is  fituated  at  the  mouth  of  Turtle  River,  where  it 
empties  into  St  Simon’s  found,  N.  lat.  31.  10.  It  has 
a fafe  harbor,  and  fudiciently  capacious  to  contain 
a l^rge  fleet.  Although  there  is  a bar  at  the  entrance 
of  the  harbor,  it  has  depth  of  water  for  the  larged 
diip  that  fwims.  The  town  is  regularly  laid  out,  but 
not  yet  built.  From  its  advantageous  fituation,  and 
from  the  fertility  of  the  back  country,  it  promifes  to 
l>e  one  of  the  mod  commercial  and  flourifliing  places 
in  the  date.  It  lies  19  miles  S.  of  Darien;  60  S.  S. 
W.  from  Savannah,  and  no  S.  E.  from  Louifville. 
— ib. 

Brunswick  Co.  in  Virginia,  lies  between  Nottaway 
and  Meherrin  rivers,  and  is  about  38  miles  long,  and 
35  broad,  and  contains  12,827  inhabitants,  including 
6776  flaves. — lb. 

BUCK-WHEAT,  a fpecies  of  Polyganum  (fee  that 
article  EncycL),  was  fird  introduced  into  Europe  about 
the  end  of  the  15th  or  the  beginning  of  the  i6th  cen- 
tury. According  to  feme  botanids,  who  lived  at  that 
period,  its  native  country  is  the  northern  parts  of  Afia, 
whence  it  was  brought  to  Germany  and  France,  where, 
about  the  year  1587,  it  was  the  common  food  of  the 
poor. 

A new  fpecies  of  this  grain,  or,  to  fpeak  perhaps 
more  properly,  a variety  of  this  fpecies,  has  been  for 
feme  time  known  under  the  name  of  Siberian  buck- 
W’hcat,  which  appears  to  have  confiderable  advantages 
over  the  former.  It  was  fent  from  Tartary  to  St  IV 


terdiurgh  by  the  German  botanids,  who  travelled  thro’  Buck- 
that  country  in  the  beginning  of  the  prefent  century  ; wheat 
and  it  has  thence  been  difperfed  over  all  Europe.  Lin-  II 
nseus  received  the  fird  feeds  of  it  in  1737  from  Garber 
the  botanid,  and  deferibed  the  plant  in  his  Hortus  Ctif- 
fertionus.  After  this  it  was  mentioned  by  Ammann  in 
1739  : but  it  mud  have  been  earlier  known  in  Germa- 
ny ; for  in  1733  growing  in  the  garden  of  Dr 

Ehrhart  at  Memmingen.  In  Siberia  this  plant  fows  it- 
felf  for  four  or  five  years  by  the  grains  that  drop  ; but 
at  the  end  of  that  period  the  land  becomes  fo  full  of 
tares  that  it  is  choaked,  and  mud  be  fown  afrefli.  Even 
in  the  economical  gardens  of  Germany,  it  is  propagated 
in  the  fame  manner  ; and  in  that  country  it  is  in  fome 
places  found  growing  wild,  though  it  is  nowhere  culti- 
vated in  the  neighbourhood.  In  the  United  States  it 
is  cultivated  very  extenfively  and  is  found  a valuable 
article,  whether  for  manure,  for  dieltering  young  clo- 
ver, or  for  a crop  of  grain,  which  is  much  ufed  for 
bread  and  alfo  for  feeding  cattle. 

BUCKS  Co.  in  Pennfylvania,  lies  S.  W.  from  Phi- 
ladelphia. It  is  feparated  from  Jerfey  by  Delaware 
River,  on  the  S.  E.  and  N.  E.  and  has  Northampton 
co.  on  the  N.  W.  It  contains  25,401  inhabitants,  in- 
cluding 1 14  flaves.  Bucks  is  a well  cultivated  county, 
containing  411,900  acres  of  land,  and  is  divided  into 
27  townfhips,  the  chief  of  which  is  Newtown.  It 
abounds  with  lime  done,  and  in  fome  places  are  found 
iron  and  lead  ore.  There  is  a remarkable  hill  in  the 
N.  end  of  the  county  called  Haycock,  in  the  townlhip 
of  the  fame  name.  It  is  15  miles  in  circumference, 
having  a gradual  afeent,  and  from  its  fummit  is  a de- 
lightful profpedf.  The  waters  of  Tohickon  Creek  wadi 
it  on  all  fides  except  the  wed. — Morse. 

BULAM,  or  Bulama,  as  it  is  more  ufually  called, 
forms  part  of  the  Archipelago,  or  cluder  of  iflands,  ly- 
ing on  the  wedern  or  windward  coad  of  Africa,  and 
known  by  the  name  of  the  Bijfaos  or  BiJJagos,  which 
are  fuppr.fed  to  have  been  celebrated  by  the  ancients 
under  the  appellation  of  the  Hefperides.  It  is  fituated 
at  the  mouth  of  the  Rio  Grande,  in  ii°  N.  Lat.  and 
15°  W.  Long,  from  the  meridian  of  London;  and  is 
between  feventeen  and  eighteen  leagues  long,  and  from 
four  to  five  broad. 

This  ifland  has  become  an  intereding  objed  to  the 
inhabitants  of  Great  Britain,  in  confequence  of  its  ha- 
ving been  purchafed  in  the  year  1792  by  a fociety  indi- 
tuted  for  the  fame  humane  purpofes  wnth  thofe  wdiich 
gave  rife  to  the  Sierra-Leone  company  (fee  Sierra- 
Leone,  Encych).  The  Bulam  affociation  was  formed 
tow’ards  the  latter  end  of  the  year  1791  ; and  they  were 
induced  to  pitch  upon  that  ifland  as  the  mod  eligible 
traid  for  their  intended  colony,  in  confequence  of  the 
flattering  defeription  given  of  its  climate,  foil,  and  har- 
bours, by  M.  Brue,  formerly  diredor-general  of  the 
French  African  companies. 

The  gentlemen  originally  appointed  as  trudees  for 
managing  the  concerns  of  the  affociation  at  home  were, 

Paul  Le  Mefurier,  M.  P.  ; James  Kirkpatrick,  Efq  ; 

George  HartEuell,  Efq  ; Mofes  Ximenes,  Efq ; Sir  John 
Riggs  Miller,  Bart,  and  Danoid  Scott,  Efq  ; M.  P ; and 
for  edablidiing  the  colony,  and  conducing  the  affairs 
of  the  fociety  abroad,  the  foliow’ing  gentlemen  w'ere  no- 
minated, viz.  Mejfrs  H.  H.  Dalrymp'e,  John  Toiing,  Sir 
William  Halton,  Bart.  John  King,  Philip  Beaver,  Peter 

Clutterluck, 
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Clutterbuci,  Nicholas  Bayly,  Francis  Brodie,  Charles 
Drake,  J«hn  Paiba,  Richard  Handcorne,  Robert  Dobbins, 
and  Ifaac  Xlmenes. 

A fum  of  L.9000  being  quickly  fubfcrlbed  for  the 
ehablifhment  of  the  intended  colony,  this  committee 
failed  from  Spithead  in  three  (hips  on  the  i ith  of  April 
1792  ; and  landing  in  due  time  at  Bulama,  they  pur- 
chafed  that  ifland  from  the  kings  of  Canabac,  who 
claimed  it  as  their  property.  They  purchafed  likewife 
from  the  kings  of  Ghinala  the  neighbouring  ifland  Ar- 
eas, and  the  adjacent  land  on  the  continent  ; and  thefe 
feveral  purchafes  being  taken  pofleflion  of  in  the  ufual 
form,  a body  of  fettlers,  confifting  of  49  men,  13  wo- 
men, and  25  children,  v/ere  left  at  Bulama  under  the 
fuperintendance  of  Mr  Beaver,  with  a temporary  fup- 
ply  of  provifions,  (lores,  plantation-tools,  and  merchan- 
dife,  for  trading  with  the  neighbouring  natives.  It  is 
from  the  difpatches  of  thefe  fettlers,  after  having  lived 
fome  time  in  Bulama,  that  the  following  account  of 
the  ifland  was  drawn  up  by  Mr  Johanfen. 

“ The  climate,  on  the  whole,  may  be  deemed  falubri- 
ous,  and  will  become  more  fo  in  proportion  to  the  in- 
creafe  of  cultivation.  The  mornings  and  evenings  are 
temperate  and  pleafant  ; the  middle  of  the  day  is  hot, 
but  the  fine  fea-breeze  which  then  fets  in  tends  greatly 
to  cool  and  refrefli  the  air.  The  heat  of  the  fun  is  not 
either  fo  exceffive  or  intolerable  as  has  been  generally 
fuppofed  ; indeed  nature  has  mod  admirably  adapted 
our  mechanical  and  phyfical  qualities  to  the  exigencies 
of  different  regions  ; and  man,  who  is  the  inhabitant  of 
every  climate,  may,  in  fome  meafure,  render  himfelf  in- 
digenous to  every  foil;  Here  the  only  danger  arifes 
from  too  fudden  an  expofure  to  the  operation  of  the 
vertical  rays  of  the  fun,  or  an  excefs  of  labour  ; both 
of  which  the  firft  fettlers  ought  moll  lludioufly  to 
avoid. 

“ It  appears  from  Mr  Beaver’s  obfervations  at  noon, 
between  the  20th  of  July  1792,  and  the  28th  of  April 
1793,  that  the  thermom.eter,  when  low'eft,  was  at  74; 
the  medium  heat  85  ; and  that  it  never  exceeded  96, 
except  at  one  time  when  it  rofe  to  100,  during  a calm 
that  occurred  in  the  interval  between  the  north-eall 
breeze  in  the  morning  and  the  fouth-well  in  the  even- 
ing of  the  19th  of  February  1793.  The  difference  be- 
tween the  heat  of  noon  and  that  of  the  morning  and 
evening  is  from  20  to  30  degrees.  On  the  23d  of  Oc- 
tober 1792,  hail  of  the  fize  of  a pin’s  head  fell  during 
two  minutes,  although  not  a cloud  was  to  be  feen  dur- 
ing this  phenomenon.  The  mercury  in  the  thermo- 
meter then  Hood  at  85  ; the  wind  was  at  north-eall  in 
the  morning  and  fouth-well  in  the  evening. 

“ Immediately  after  fun  fet  a dew  conllantly  begins 
to  fall,  which  induces  fome  to  light  a fire  in  their 
houfes  ; they  at  the  fame  time  put  on  warmer  cloth- 
ing. There  is  little  or  no  twilight ; and  night  and  day 
are  nearly  equal : the  earth  has  therefore  time  to  cool 
during  twelve  hours  abfence  of  the  fun. 

“ None  of  thofe  terrible  and  deftrudlive  hurricanes  fo 
frequently  experienced  in  the  Well  Indies  are  to  be 
met  with  here.  The  tornadoes,  which  arife  chiefly  from 
the  eaflern  point  of  the  compafs,  are  but  of  Ihort  dura- 
tion, feldom  lafting  above  an  hour,  and  may  be  readily 
forefeen  fome  time  previoufly  to  their  commencement. 
They  occur  at  the  beginning  and  clofe  of  the  wet  fea- 
fon,  and  are  highly  beneficial,  as  they  purify  the  air, 


and  difpel  the  noxious  vapours  with  which  It  would 
otherwife  abound. 

“ The  rains  fet  In  about  the  latter  end  of  May  or 
the  beginning  of  June,  and  difeontinue  in  October  or 
November.  They  do  not  fall  every  day,  for  there  is 
often  a confiderable  interval  of  clear  weather,  during 
which  the  atmofphere  is  beautifully  ferene  ; the  fhowers 
in  the  firll  and  lalt  month  occur  but  feldom,  and  are 
far  from  being  violent ; while  on  the  other  hand,  they 
fometimes  refemble  torrents,  more  efpecially  towards 
the  middle  of  the  feafon.  During  the  whole  of  this  pe- 
riod, Europeans  fhould,  if  pofTible,  confine  themfelves  to 
their  habitations,  as  the  rains  prove  injurious  to  health, 
more  efpecially  if  thofe  expofed  to  them  negledl  to  wipe 
their  bodies  dry,  and  to  change  their  clothes  immedi- 
ately on  their  return  home.  It  is  deemed  prudent  alfo 
not  to  dig  the  earth  until  the  expiration  of  a month  af- 
ter the  return  of  fair  weather,  as  this  is  confidered  to 
be  unhealthy. 

“ During  the  continuance  of  the  dry  feafon,  a dew 
falls  during  the  night,  in  fufficient  quantity  to  anfwer 
all  the  purpofes  of  vegetation. 

“ Every  Ihanger  is  generally  here,  as  well  as  in  the 
Well  Indies,  fubjedl  to  a fever  or  feafoning,  on  his  ar- 
rival. This  is  not  infedlious ; it  proceeds  perhaps  from 
an  increafed  perfpiration  and  a fudden  extenfion  of  the 
pores  of  the  human  body,  in  confequence  of  the  heat, 
by  which  means  it  is  rendered  more  liable  to  imbibe 
the  abundant  exhalations  that  arife  from  the  animal,  ve- 
getable, and  mineral  kingdoms  ; but  even  this,  flight  as 
it  is,  might  doubtlefs  be  avoided  by  means  of  a proper 
regimen,  and  a fhort  feclufion  from  the  full  adtion  of 
the  open  air,  more  efpecially  at  noon,  and  during  the 
evening,  until  the  climate  has  been  rendered  familiar. 

“ Bulama  is  admirably  adapted  for  all  the  purpofes 
of  an  extenlive  commerce,  being  not  only  happily  litu- 
ated  at  the  mouth  of  the  Rio  Grande,  but  in  the  vici- 
nity of  feveral  other  navigable  rivers ; fo  that  a trade 
with  the  internal  parts  of  Africa  is  thereby  greatly  fa- 
cilitated. The  landing  is  remarkably  eafy  and  fafe,  there 
being  no  furge  ; the  ebb  and  flow  is  regular,  and  there 
is  an  increafe  of  16  feet  of  water  at  fpring  tide.  The 
bay  oppofite  the  Great  Bulama  is  adorned  with  a num- 
ber of  iflands,  covered  with  trees,  and  forms  a moll  ex- 
cellent harbour,  fufficiently  capacious  to  contain  the 
whole  navy  of  Great  Britain,  which  might  ride  there 
in  fafety.  The  fettlement  In  general  is  well  fupplied 
with  water.  A number  of  fprings  have  been  lately  dif- 
covered  in  dilFerent  places ; and  befides  a draw-well  in 
the  fort,  which  was  ereiled  for  the  defence  of  the 
colony,  there  is  a fmall  llream,  which  runs  into  E- 
lewfis  Bay,  near  the  new  fettlement  called  Hefper 
Elewlls  : this  is  admirably  fituated  for  the  fupply  of 
flilpping. 

“ The  ifland  is  beautifully  furrounded,  and  interfper- 
fed  with  woods  : lofty  fruit  andforell  trees,  mollly  free 
from  underwood  and  brambles,  form  a verdant  belt,  in 
fome  places  two  or  three  miles  bread,  which  entirely 
encircles  it,  in  fuch  a manner  as  to  reprefent  a planta- 
tion artificially  formed  around  a park.  Within  this 
the  fields  are  regularly  divided  by  trees,  fo  as  to  refem- 
ble the  hedgerows  In  England.  The  beach  has  in  fome 
places  the  appearance  of  gravel  walks  ; it  is  fringed 
with  mangrove  trees,  which  forming  a line  with  the 
high-water  mark,  dip  their  branches  into  the  fea,  and 
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thus  afford  nourifhment  to  the  oyfters  that  often  adhere 
to  their  extremities. 

Several  parts  of  Bulama  have  been  occafionally  culti- 
vated by  the  neighbouring  blacks,  though  they  did  not 
conftantly  refide  on  it. 

“ The  land  in  general  rifes  gradually  towards  the 
middle  of  the  ifland,  where  the  higheft  fpot  is  from  6o 
to  TOO  feet  above  the  level  of  the  fea.  The  fmall  hill 
on  which  the  fort  is  fituated  is  nearly  of  the  fame  alti- 
tude. 

“ The  foil  is  abundantly  rich  and  deep ; ftones  do 
not  here  impede  the  labours  of  the  farmer  ; and  indeed 
none  have  hitherto  been  difcovered,  but  a fmall  fort, 
refembling  pieces  of  ore,  which  are  to  be  met  with  on 
the  ftiore.  There  are  many  favannahs  or  natural  mea- 
dows, fo  extenfive  that  the  eye  can  fcarcely  defcry  their 
boundaries.  Thefe  are  admirably  adapted  for  the  rear- 
ing of  ftock  and  feeding  of  cattle  of  every  kind. 

“ Cotton,  indigo,  rice,  and  coffee,  grow  fpontane- 
oufly  on  this  coaft ; the  fugar-cane  is  indigenous  to 
many  parts  of  Africa,  and  might  be  cultivated  here  by 
the  labour  of  freemen,  in  equal  perfection,  and  to  much 
greater  advantage,  than  in  the  exhaufted  iflands  of  the 
Wert  Indies.  All  kinds  of  tropical  productions,  fuch 
as  pine-apples,  limes,  oranges,  grapes,  plums,  caffada, 
guava,  Indian  wheat,  the  papaw,  water-melon,  mulk- 
melon,  the  pumkin,  tamarind,  banana,  and  numbers  of 
other  delicious  fruits,  alfo  flourifti  here.  The  adjoin- 
ing territories  produce  many  valuable  forts  of  fpices, 
gums,  and  materials  for  dying  ; all  of  which,  it  is  but 
fair  to  fuppofe,  might  be  readily  cultivated  in  a kindred 
climate  and  a congenial  foil. 

“ The  neighbouring  feas  abound  with  a variety  of 
fifti,  highly  agreeable  to  the  palate.  The  lion,  tyger, 
jackall,  &c.  are  natives  of  the  continent ; but  in  Bula- 
ma no  animals  have  been  difcovered,  the  wolf,  fome 
buffaloes,  a few  elephants,  and  a fpecies  of  the  deer  ex- 
cepted. 

“ The  woods  abound  with  doves,  guinea  fowls,  and 
a variety  of  birds,  celebrated  for  the  beauty  of  their 
plumage. 

“ The  natives  of  this  part  of  Africa,  like  all  favages, 
are  entirely  under  the  dominion  of  their  paffions : hence 
the  violence  of  their  attachment  to  their  friends,  and 
the  excefs  of  their  refentment  againft  their  enemies. 
Their  notions  of  property  are  very  obfcure  and  confuf- 
td  : they  have  no  idea  of  any  right  arifing  from  occu- 
pancy or  improvement.  What  they  want,  they  either 
receive  or  take  wherever  they  may  happen  to  meet  with 
it,  and  they  permit  others  to  do  the  fame.  They  have 
been  taught  by  experience,  that  the  Europeans  will  not 
agree  to  this : againft  them  therefore  they  employ 
every  artifice  that  it  is  in  the  power  of  cunning  to  fug- 
geft. 

“ The  colonifts  need  not  fear  any  attack  on  the  part 
of  the  negroes,  provided  their  ownconduCl  be  juft  and 
peaceable  : for  Mr  Beaver,  who  was  indeed  admirably 
calculated  by  nature  and  habit  for  the  ftation  he  occu- 
pied,  could  infure  both  fafety  and  refpeff  when  the  fet- 
tlers  under  him  were  reduced  to  four  white  men,  al- 
though the  neighbouring  nations  knew  that  he  was  in 
poffeffion  of  commodities,  for  the  acquifition  of  which 
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many  of  them  had  become  day-labourers.  He  often  Bulama 
kept  from  twenty  to  forty  gromittos,  or  black  cultiva-  II. 
tors  in  pay,  at  that  very  period,  at  about  four  or  five 
bars  (a)  each  per  month.  Thefe  are  eafy  to  be  procu- 
red, to  almoft  any  number  that  can  poflibly  be  wanted. 

“ Until  a fufficient  quantity  of  ftock  and  provifions 
can  be  raifed  in  the  company’s  fettlements,  the  adjacent 
iflands  will  furnifh  abundance  of  cattle,  hogs,  fowls,  &c. 
at  a very  cheap  rate.  A horfe  may  be  purchafed  at 
Goree  for  1 1.  los.  a bullock  may  be  had  from  12  s. 
to  18  s.  fterling  : provifions  of  all  kinds  are  equally  rea- 
fonable.  Honey  is  alfo  to  be  procured  in  great  plenty, 
and  bees  wax  maybe  rendered  an  advantageous  obje(ff 
of  commercial  fpeculation. 

“ In  fhort,  the  acquifition  of  Bulama,  Areas,  and 
the  adjacent  territories,  prefents  the  faireft  opportunity 
of  furnifhing  Europe  with  many  valuable  articles  that 
have  hitherto  been  brought  from  more  remote  coun- 
tries, with  much  greater  hazard,  and  at  an  increafed 
expence.  The  Intercourfe  with  England  is  eafy,  fafe, 
and  expeditious ; for  the  voyage  may  be  performed  in 
the  fpace  of  three  or  four  weeks : and  by  the  terms  of 
the  firft  fubfeription,  a fettler  on  Bulama  might  pur- 
chafe  500  acres  of  land  for  L.  30  fterling ; by  the  terms 
of  the  fecond,  which  we  fuppofe  are  the  terms  at  pre- 
fent,  he  might  purchafe  on  the  iflands  of  Bulama  and 
Areas,  or  on  that  part  of  the  adjacent  coaft  which  was 
ceded  to  the  fociety  by  the  kings  of  Ghinala,  200  acres 
for  L.  50  fterling. 

“ The  colonization  of  Africa  opens  a noble  and  ex- 
tenfive field  to  nations  and  to  individuals.  To  people 
ihofe  fertile  territories,  defpoiled  of  their  inhabitants  by 
the  flave-trade ; to  rear  the  produeftions  of  the  climes 
between  the  tropics,  by  the  afliftance  of  free  men ; to 
give  ample  fcope  to  the  induftry  and  exertions  of  thofe 
who  may  be  inclined  to  remove  from  Great  Britain  ; 
and  to  extend  the  commerce  and  the  manufaffures  of 
our  native  country — thefe  are  fubjedls  which  have  ex- 
cited the  attention  of  the  Bulama  affociation,  and  now 
claim  the  afliftance  of  the  ingenious,  the  fupport  of  the 
rich,  and  the  concurrence  and  good  wiflies  of  all. 

BUNCOMB,  the  largeft  and  moft  weftern  county 
of  North  Carolina,  and  perhaps  the  moft  mountainous 
and  hilly  in  the  United  States,  It  is  in  Morgan  dif- 
triff,  bounded  W.  by  the  ftate  of  Tenneffee  ; and  S.  by 
the  ftate  of  South  Carolina.  The  Blue  Ridge  paffes 
through  Buncomb,  and  gives  rife  to  many  large  rivers, 
as  Catabaw,  Wateree,  Broad  River  and  Pacolet. — 

Morse. 

BUNTING,  Is  a bird  which  has  been  deferibed  un- 
der  its  generic  name  Emberiza  (EncycL)s  but  there 
is  one  fpecies,  the  orange-Jhouhhred  bunting  of  Latham, 
of  which  M.  Vaillant  relates  fome  particulars  certainly 
not  unworthy  of  notice  in  this  place. 

“ The  female  of  this  beautiful  bird  (fays  he)  has  the 
Ample  colours  of  the  fley  lark,  and  a fhort  horizontal 
tail,  like  that  of  almoft  all  other  birds : the  male,  on 
the  contrary,  is  wholly  black  except  at  the  flioulder  of 
the  wing,  w'here  there  is  a large  red  patch  ; and  his  tail 
is  long,  ample,  and  vertical,  like  that  of  the  common 
cock.  But  this  brilliant  plumage  and  fine  vertical  tail 
fubfift  only  during  the  feafon  of  love,  which  continues 
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fix  months.  This  period  over,  he  lays  afide  his  fplendid 
habiliments,  and  affumes  the  more  modeft  drefs  of  his 
mate.  The  moft  extraordinary  circumftance  is,  that 
the  vertical  tail  alfo  changes  to  a horizontal  one,  and 
the  male  fo  exadtly  refembles  the  female,  that  it  is  not 
poffible  to  diftmguilh  them  from  each  other. 

“ The  female  has  her  turn.  When  (he  reaches  a cer- 
tain age,  and  has  loft  the  faculty  of  propagating  the 
fpecies,  Ihe  clothes  herfelf  for  the  remainder  of  her  days 
in  the  garb  which  the  male  had  temporarily  affumed  ; 
her  tail,  like  his  at  that  period,  grows  long,  and,  like 
his  alfo,  from  horizontal  becomes  vertical. 

“ The  birds  of  this  fpecies  alTociate  together,  live  in 
a fort  of  republic,  and  build  their  nefts  near  to  each 
other.  The  fociety  ufually  confifts  of  about  fourfcore 
females ; but  whether,  by  a particular  law  of  nature, 
more  females  are  produced  than  males,  or  for  any  other 
reafon  of  which  I am  ignorant,  there  are  never  more 
than  twelve  or  fifteen  males  to  this  number  of  females, 
who  have  them  in  common.” 

According  to  our  author,  this  tranfmutation  is  by 
no  means  confined  to  this  particular  fpecies  of  bunting. 
Many  females  of  the  feathered  creation,  when  they 
grow  fo  old  as  to  ceafe  laying  eggs,  aflume  the  more 
fplendid  colours  of  the  male,  which  they  retain  during 
the  remainder  of  their  lives.  This  fa6l  is  ftrikingly  per- 
ceptible in  thofe  fpecies  in  w'hich  the  male  and  female 
very  much  differ  in  colour,  as  the  golden  pheafant  of 
China,  for  inftance.  In  fome  fpecies,  and  thofe  not  a 
few,  the  male  alone  regularly  changes  his  colour,  and 
affumes  once  in  a year  the  plumage  of  the  female ; fo 
that  at  a certain  period  all  the  birds  of  that  Ipecies  ap- 
pear  females.  “ I have  in  my  poffeffion  (fays  our  au- 
thor) fpecimens  of  more  than  fifty  of  thofe  changing 
fpecies,  in  all  their  tranfitions  from  one  hue  to  another; 
and  the  change  is  fometimes  fo  great,  that  a perfon 
would  fuppofe  himfelf  to  fee  individuals  totally  diffe- 
rent. A clofet-naturalift,  for  inftance,  ftiewed  me  four 
birds  as  fo  many  different  fpecies,  and  even  as  not  be- 
longing to  the  fame  genus,  with  which  I was  well  ac- 
quainted, and  which  I knew  to  be  the  fame  bird,  only 
of  different  ages.” 

Such  changes  as  thefe,  could  they  be  proved  to  take 
place  occafionally  among  domeftic  fowls,  would  in  fome 
meafure  account  for  ftrange  ftories  of  cocks  laying 
eggs,  which  we  have  heard  related  by  perfons  whofe 
general  veracity  was  never  queftioned. 

BURKE  (Edmund),  was  born  in  the  city  of  Dub- 
lin on  the  I ft  of  January  173c.  His  father  was  an  at- 
torney of  confiderable  knowledge  in  his  profeflion,  and 
of  extenfive  praflice ; and  the  family  from  which  he 
fprung  was  ancient  and  honourable.  He  received  the 
rudiments  of  his  claffical  education  under  Abraham 
Shackleton,  a Quaker,  who  kept  a private  fchool  or 
academy,  as  it  has  been  called,  at  Bellytore,  near  Car- 
low,  and  is  faid  to  have  been  a very  Ikilful  and  fuccefs- 
ful  teacher. 

Under  the  tuition  of  this  mafter  Burke  devoted  him- 
felf with  great  ardour,  induftry,  and  perfeverance,  to 
his  ftudies ; and  manifefted,  even  from  his  boyifh  days, 
a diftinguiftied  fuperiority  over  his  contemporaries.  He 
was  the  pride  of  his  preceptor,  who  prognofticated  eve- 
ry thing  great  from  his  genius,  and  who  was,  in  return, 
treated  by  his  illuftrious  pupil,  for  forty  years,  with  re- 
fpeft  and  gratitude. 


From  fchool  Burke  was  fent  to  Trinity-college,  Dub- 
lin, where  it  was  afferted  by  Goldfmith  and  others  his 
contemporaries,  that  he  difplayed  no  particular  emi- 
nence in  the  performance  of  his  exercifes.  Like  Swift, 
he  defpifed  the  logic  of  the  fchools  ; and  like  him  too, 
he  devoted  his  time  and  his  talents  to  more  ufeful  pur- 
fuits.  Johnfon,  though  proud  of  being  an  Oxonian, 
did  not  much  employ  himfelf  in  academical  exercifes  ; 
and  Dryden  and  Milton,  who  ftudied  at  Cambridge, 
were  neither  of  them  ambitious  of  college  diftiniflions. 
Let  not,  however,  the  example  of  a Burke,  a Johnfon, 
a Dryden,  or  a Milton,  feduce  into  by-paths  the  ordi- 
nary ftudent ; for  though  great  genius  either  finds  or 
makes  its  own  way,  common  minds  muft  be  content  to 
purfue  the  beaten  track.  Shakefpeare,  with  very  little 
learning,  was  the  greateft  dramatic  poet  that  ever 
wrote;  but  how  abfurd  would  it  be  to  infer  from  this 
fadt,  that  every  illiterate  man  may  excel  in  dramatic 
poetry  ? 

Whilft  at  college  Burke  applied  himfelf  with  fuffi- 
cient  diligence  to  thofe  branches  of  mathematical  and 
phyfical  fcience  which  are  moft  fubfervient  to  the  pur- 
pofes  of  life  ; and  though  he  negledted  the  fyllogiftic  lo- 
gic of  Ariftotle,  he  cultivated  the  method  of  indudlion 
pointed  out  by  Bacon.  Pneumatology,  likewife,  and 
ethics,  occupied  a confiderable  portion  of  his  attention; 
and  whilft  attending  to  the  acquifition  of  knowledge, 
he  did  not  negledt  the  means  of  communicating  it.  He 
ftudied  rhetoric  and  the  art  of  compofition,  as  well  as 
logic,  phyfics,  hiftory,  and  moral  philofophy  ; and  had 
at  an  early  period  of  his  life,  fays  Dr  Billet,  planned  a 
confutation  of  the  metaphyfical  theories  of  Berkeley 
and  Hume. 

For  fuch  a talk  as  this,  we  do  not  think  that  nature 
intended  him.  Through  the  ever-aftive  mind  of  Burke 
ideas  feem  to  have  flowed  with  too  great  rapidity  to 
permit  him  to  give  that  patient  attention  to  minute  di- 
ftindtions,  without  which  it  is  vain  to  attempt  a confu- 
tation of  the  fubtleties  of  Berkeley  and  Hume.  The 
ableft  antagonift  of  thefe  two  philofophers  was  remark- 
able for  patient  thinking,  and  even  apparent  flovvnefs  of 
apprehenfion  ; and  we  have  not  a doubt,  but  that  if  he 
had  poffeffed  the  rapidity  of  thought  which  charade- 
rifed  Burke,  his  confutation  of  Hume  and  Berkeley 
would  have  been  far  from  conclufive:  It  might  have 

been  equal  to  the  EJfay  on  the  Nature  and  Immutability 
of  Truth,  but  would  not  have  been  what  we  find  it  in 
The  Inquiry  into  the  Human  Mind  on  the  Principles  of 
Common  Senfe,  and  in  The  Effays  on  the  IntelleElual  and 
Adive  Ponvers  of  Man. 

A talk  much  better  fuited  to  Burke’s  talents  than 
the  writing  of  metaphyfical  difquifitions  on  the  fubftra- 
tum  of  body,  prefented  itfelf  to  him  in  the  year  1749, 
and  a talk  which  was  likewife  more  immediately  ufeful. 
At  that  period  one  Lucas,  a democratic  apothecary, 
wrote  a number  of  very  daring  papers  againft  govern- 
ment, and  acquired  by  them  as  great  popularity  at 
Dublin  as  Mr  Wilkes  afterwards  obtained  by  his  North 
Briton  in  London.  Burke,  though  a boy,  perceived, 
almoft  intuitively,  the  pernicious  tendency  of  fuch  le- 
velling dodrines,  and  refolved  to  counterad  it.  He 
wrote  feveral  effays  in  the  ftyle  of  Lucas,  imitating  it 
fo  exadly  as  to  deceive  the  public  ; purfuing  his  prin- 
ciples to  confequences  neceffarily  refulting  from  them, 
aud  ftiewing  at  the  fame  lime  their  abfurdity  and  their 

danger. 
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danger.  Thus  was  his  firft  literary  effort,  like  his  lafl:, 
calculated  to  guard  his  country  againft  anarchical  inno- 
vations. 

WhiHl  employed  in  treafuring  up  knowledge,  which 
at  a future  period  was  to  command  the  admiration  of 
liflening  fenates,  he  did  not  negleit  the  means  neceffary 
to  render  himfelf  agreeable  in  the  varied  intercourfe  of 
private  life.  To  the  learning  of  a fcholar  he  added  the 
manners  of  a gentleman.  His  company  was  fought 
among  the  gay  and  the  fafhionable,  for  his  pleafing  con- 
verfation  and  eafy  deportment ; as  much  as  among  the 
learned,  for  the  force  and  brilliancy  of  his  genius,  and 
the  extent  and  depth  of  his  knowledge.  But  though 
the  objedl  of  very  general  regard  in  his  native  country, 
he  had  hardly  any  profpeft  of  obtaining  in  it  an  inde- 
pendent fettlement.  He  therefore  applied,  fome  time 
after  the  publication  of  his  letters  expofing  the  doiffrines 
of  Lucas,  for  the  profefforQiip  of  logic,  which  had  then 
become  vacant  in  the  univerfity  of  Glafgow  : but  whe- 
ther that  application  was  made  too  late,  or  that  the  uni- 
verfity was  unwilling  to  receive  a ftranger,  certain  it  is 
that  the  vacant  chair  was  filled  by  another,  and  that 
Burke  was  difappointed  of  an  office  in  which  he  was 
eminently  qualified  to  excel.  For  many  years  very  little 
attention  has  been  paid  in  the  univerfities  of  Scotland, 
perhaps  even  too  little,  to  the  Ariftotelian  logic  ; and 
the  profeffors,  inftead  of  employing  their  time  in  the 
analyfing  of  fyllogifms,  deliver  ledlures  on  rhetoric  and 
the  principles  of  compofition — ledtures  which  no  man 
was  more  capable  of  giving  than  the  unfuccefsful  can- 
didate for  the  profeflbrfhip  in  Glafgow. 

Difappointment  of  early  views  has  frequently  been 
the  means  of  future  advancement.  Flad  Johnfon  be- 
come mafter  of  the  Staffordfiiire  fchool,  talents  might 
have  been  confumed  in  the  tuition  of  boys  which  Pro- 
vidence formed  for  the  inftrudlion  of  men  ; and  had 
Burke  obtained  the  profelforfhip  of  logic  in  Glafgow, 
he  would  have  been  the  moll  eloquent  lecT:nrer  in  that 
univerfity,  inftead  of  the  moft  brilliant  fpeaker  in  the 
Britifh  fenate : but  whether  his  talents  might  not  have 
been  as  ufefully  employed  in  the  univerfity  as  in  the  fe- 
nate, may  perhaps  be  a queftion,  though  there  can  be  no 
queftion  whether  they  would  have  invefted  himfelf  with 
an  equal  blaze  of  fplendour. 

Difappointed  in  Glafgow,  he  went  to  London,  where 
he  immediately  entered  himfelf  of  the  Temple  ; and  as 
there  is  reafon  to  believe  that  he  was  in  ftraitened  cir- 
curnftances,  he  fubmitted  to  the  drudgery  of  regularly 
writing  for  daily,  weekly,  and  monthly  publications, 
eflays  on  general  literature  and  particular  politics.  The 
profits  arifing  from  fuch  writings  were  at  firft  fmall ; 
but  they  were  fo  neceffary  to  their  author,  that  the  in- 
tenfe  application  which  they  required  gradually  impair- 
ed his  health,  till  at  laft  a dangerous  illnefs  enfued,  when 
he  reforted  for  medical  advice  to  Dr  Nugent,  a phyfician 
whofe  fkill  in  his  profeffion  was  equalled  only  by  the 
benevolence  of  his  heart.  The  Dodlor,  confidering 
that  the  noife,  and  various  difturbances  incidental  to 
chambers,  muft  retard  the  recovery  of  his  patient,  fur- 
niftied  him  with  apartments  in  his  own  houfe,  where 
the  attention  of  every  member  of  the  family  contribu- 
ted more  than  medicines  to  the  reftoration  of  his  health. 
It  was  during  this  period  that  the  amiable  manners  of 
Mifs  Nugent,  the  Doctor’s  daughter,  made  a deep  im- 
preffion  on  the  heart  of  Burke  ; and  as  Ihe  could  not 


be  Infenfible  to  fuch  merit  as  his,  they  felt  for  each 
other  a mutual  attachment,  and  were  married  foon 
after  his  recovery. 

Hitherto  his  mental  powers  and  acquirements  were 
known  in  their  full  extent  only  to  his  friends  and  more 
intimate  companions ; but  they  were  now  made  public 
in  his  firft  acknowledged  work,  intitled,  A Vindication 
of  Natural  Society.  The  objeft  of  this  performance  was 
to  expofe  the  dangerous  tendency  of  Lord  Bolingbroke’s 
philofophy.  By  the  admirers  of  that  nobleman  his 
principles  were  deemed  inimical  only  to  revealed  reli- 
gion and  national  churches,  which  they  would  have 
been  glad  to  fee  overturned,  provided  our  civil  eftablilh- 
ment  had  been  preferved  ; and  to  the  civil  eftablilhment 
they  perceived  no  danger  in  the  writings  of  the  author 
of  The  Patriot  King.  Mr  Burke  thought  very  differ- 
ently ; and  endeavoured  to  convince  them,  that  if  his 
Lordftiip’s  philofophy  ftiould  become  general,  it  would 
ultimately  deftroy  their  rank,  their  confequence,  and 
their  property,  and  involve  the  church  and  ftate  in  one 
common  ruin.  In  his  ironical  attack  upon  artificial 
fociety,  he  makes  ufe  cf  the  fame  common-place  mode 
of  unfair  reafoning  which  his  noble  antagonift  had  em- 
ployed againft  religion  and  religious  eftabliftiments.  He 
argues,  from  the  incidental  abufes  of  political  fociety, 
that  political  fociety  muft  itfelf  be  evil ; he  goes  over 
every  form  of  civil  polity,  pointing  out  its  defers  in 
the  moft  forcible  language  ; and,  in  perfefl  imitation  of 
the  fceptical  philofophy,  he  pulls  them  all  down,  one 
after  another,  without  propofing  any  thing  in  their 
ftead.  So  complete  is  the  irony,  that  to  many  not  ac- 
quainted with  fuch  difquifitions,  he  would  appear  to  be 
ferioufiy  inveighing  againft  civil  government : and  we 
have  adtually  heard  fome  of  the  advocates  for  modern 
innovation  mention  this  work  as  a proof  how  different 
Mr  Burke’s  opinions  in  politics  once  were  from  what 
they  appear  to  have  been  when  he  wrote  his  ReJleEllont 
on  the  French  Revolution . 

The  truth,  however,  is,  that  there  is  no  inconfiftency 
between  The  Vindication  cf  Natural  Society  and  the  la« 
teft  publications  of  its  illnftrious  author.  At  the  pe- 
riod when  that  work  was  publifiied,  infidelity  had  in- 
feded  only  the  higher  orders  of  men,  and  fuch  of  the 
lower  as  had  got  the  rudiments  of  a liberal  education. 
Of  thefe  we  believe  a fingle  individual  was  not  then  to 
be  found,  who  fuppofed  that  fociety  could  fubfift  both 
without  government  and  without  religion  ; and  there- 
fore whilft  they  laboured  to  overturn  the  church,  and 
to  prove  that  Chriftlanily  itfelf  is  an  impofture,  they 
all  pretended  to  be  zealoufly  attached  to  the  civil  go- 
vernment as  eftablifiied  in  king,  lords,  and  commons. 
Except  the  clergy  of  the  eftablifiied  church,  there  was 
no  order  of  men  whom  they  indifcrimlnately  reviled. 
Hence  it  was  that  not  Burke  only,  but  Warburcon, 
and  almcft  every  other  opponent  of  Lord  Bolingbroke, 
began  their  defences  cf  revelation,  by  fiiewlng  the  indifi 
foluble  connexion  between  the  civil  and  ecclefiaftical 
eftablilhments  , and  all  the  difference  was,  that  he  did, 
through  the  medium  of  the  moft  refined  irony,  the  very 
fame  thing  which  they  had  done  by  ferious  reafoning. 

Soon  alter  his  Vindication  of  Natural  Society,  Burke 
publilhed  yl  Phtlofcphical  Enquiry  into  the  Origin  of  our 
Ideas  of  the  Sullime  and  Beautiful ; a work  which  foon 
made  its  author  univerfally  known  and  admired,  and 
which  has  been  ftudied  by  every  Englifii  reader  of  tafte. 

It 
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Buike.  It  is  therefore  needlefs  for  us  to  hazard  any  opinion 
either  of  its  general  merit  or  its  particular  defeds.  In 
one  of  the  literary  journals  of  that  day,  Mr  Murphy 
urged  objedtions  againft  fome  of  its  fundamental  prin- 
ciples, which,  in  our  opinion,  it  would  be  very  difficult 
to  anfwer;  whilft  Johnfon,  who  was  certainly  a fevere 
judge,  confidered  it  as  a model  of  philofcphical  criri- 
cifm.  “ We  have  (faid  he)  an  example  of  true  criti- 
cifm  in  Burke’s  Effay  on  the  Sublime  and  Beautiful. 
There  is  no  great  merit  in  ffiewing  how  many  plays 
have  ghofts  in  them,  or  how  this  ghofl  is  better  than 
that  ; you  muft  fhew  how  terror  is  impreffed  on  the 
mind.” 

In  confequence  of  this  manifeftation  of  Burke’s  intel- 
ledaal  powers,  his  acquaintance  was  courted  by  men 
of  diftinguiftied  talents,  and,  among  others,  by  Johnfon 
and  Sir  Joffiua  Reynolds.  The  literary  club,  which  has 
been  mentioned  (Encycl.)  in  the  life  of  Johnson,  was 
inftituted  for  their  entertainment  and  inftrudiion,  and  con- 
fided at  fird  of  Johnfon,  Burke,  Reynolds,  Goldfmith, 
Dr  Nugent,  Mr  Topham,  Beauclerc,  Sir  John  Haw- 
kins, Mr  Chamier,  and  Mr  Bennet  Langton,  who  were 
all  men  of  letters  and  general  information,  though  far 
above  the  red  dood  Burke  and  Johnfon.  Of  Burke  in- 
deed, Johnfon  declared,  upon  all  occafions,  that  he  was 
the  greated  man  living  ; whild  Burke,  on  a very  folemn 
occadon,  faid  of  Johnfon,  “ He  has  made  a chafm, 
which  not  only  nothing  can  fill  up,  but  which  nothing 
has  a tendency  to  fill  up.  Johnfon  is  dead.  Let  us 
go  to  the  next  bed — There  is  nobody — No  man  can  be 
feid  to  put  you  in  mind  of  Johnfon.”  Nor  was  the 
opinion  which  thefe  two  illudrious  men  held  of  each 
other’s  powers  peculiar  to  themfelves  alone  ; all  the 
members  of  the  club  obferved,  that,  in  colloquial  ta- 
lents, they  were  nearly  matched,  and  that  Johnfon  ne- 
ver difeourfed  with  fuch  animation  and  energy  as  when 
his  powers  were  called  forth  by  thofe  of  Burke. 

Some  years  before  the  inditution  of  this  club,  Burke, 
who  had  devoted  much  of  his  time  to  the  dudy  of  hif- 
tory  and  politics,  propofed  to  Mr  Dodfley,  an  eminent 
bookfeller,  a plan  of  an  Annual  Register  of  the  ci- 
vil, political,  and  literary  traiifadlions  of  the  times ; and 
the  propofal  being  acceded  to,  the  work  was  begun  and 
carried  on  for  many  years,  either  by  Burke  hirnfelf,  or 
under  his  immediate  infpedion.  It  bears  indeed  inter- 
nal marks  of  his  genius,  his  learning,  and  his  candour, 
"being  by  much  the  mod  elegant  and  impartial  periodi- 
cal hidory  which  has  perhaps  appeared  in  any  age  or 
nation.  Even  when  the  heat  of  oppofition  made  him, 
in  his  fpeeches,  fonietimes  mlfreprefent  the  condudt  of 
adminidration,  the  Annual  Regider,  under  his  manage- 
ment, continued  to  render  judice  to  all  parties. 

He  dill  continued  to  write  occafionally  political  ef- 
fays  for  other  publications  than  the  Annual  Regider  ; 
and  fome  of  thefe  edays  in  the  Public  Advertifsr  having 
attra«51ed  the  notice  of  the  Marquis  of  Rockingham, 
that  nobleman  fought  the  acquaintance  of  their  author. 
It  was  in  the  year  1765  that  the  fird  interview  took 
place  between  them ; and  the  Marquis,  who  was  then 
at  the  head  of  the  treafury,  offering  to  make  Burke  his 
own  fecretary,  the  offer  was  readily  accepted.  On  this 
occafionhe  gave  a remarkable  proof  of  difinteredednefs 
and  delicate  integrity.  Through  the  influence  of  Mr 
Hamilton,  known  by  the  appellation  of  Single-Speech 
Hamilton,  and  long  fufpeded  to  be  the  author  of  Ju~ 


tiius’s  Letters^  he  had  fome  time  before  obtained  a pen-  Burke, 
fion  of  L.  300  a year  on  the  Iriffi  edablifliment ; but 
this  penfion  he  now  thought  it  incumbent  upon  him  to 
refign,  becaufe  he  had  conneided  himfelf  with  a party 
oppofite  in  many  things  to  the  party  whofe  meafures 
were  fupported  by  his  friend. 

Daring  the  Rockingham  adminidration  he  was  cho- 
fen  member  of  parliament  for  the  borough  of  Wendover 
in  the  county  of  Bucks ; and  he  prepared  himfelf  for 
becoming  a public  fpeaker,  by  dudying,  dill  more  clofe- 
ly  than  he  had  yet  done,  hidory,  poetry,  and  philofo- 
phy  ; and  by  during  his  mind  with  faffs,  images,  rea- 
fonings,  and  fentiments.  He  paid  great  attention  like- 
wife  to  parliamentary  ufage  ; and  was  at  much  pains  to 
become  acquainted  with  old  records,  patents,  and  pre- 
cedents, fo  as  to  render  himfelf  complete  mader  of 
the  bufinefs  of  office.  That  he  might  communicate 
without  embarraffment  the  knowledge  which  he  had 
thus  laborioufly  acquired,  he  frequented,  with  many 
other  men  of  eminence,  the  Robin  Hood  Society, 
where  he  praffifed  the  replies  and  contentions  of  elo- 
quence ; and  to  acquire  a graceful  action,  with  the 
proper  management  of  his  voice,  he  was  a very  diligent 
obferver  of  Oarric  in  Drury-Lane  theatre.  He  procur- 
ed his  feat  in  1765,  and  in  the  enfuing  feffion  delivered 
his  maiden  fpeech  ; which  was  fuch  a difplay  of  elo- 
quence as  excited  the  admiration  of  the  Eloufe,  and 
drew  very  high  praife  from  its  mod  didlnguidied  mem- 
ber Mr  Pitt,  afterwards  Earl  of  Chatham. 

The  principal  objeffs  which  engaged  the  attention 
of  the  Rockingham  adminidration  were  the  ferments 
in  America,  which  was  then  in  a date  little  ffiort  of  re- 
bellion, on  account  of  the  famous  damp-aff.  Parlia- 
ment was  divided  in  opinion  refpeffing  that  meafure. 

Whild  Mr  Orenville  and  his  party  (under  whofe  au- 
fpices  the  damp-aff  had  paffed  into  a law’)  were  for 
enforcing  obedience  to  it  by  coercive  meafures,  Mr  Pitt 
and  his  follow’ers  denied  that  the  parliament  of  Oreat 
Britain  had  a right  to  tax  the  Americans  ; and  the 
marquis  of  Rockingham,  who  was  hardly  able  to  carry 
any  meafure  in  oppofition  to  both  thel’e  parties,  had  to 
confider,  on  this  occafion,  whofe  fentiments  he  would 
adopt.  By  the  advice,  it  is  faid  of  Mr  Burke,  he 
chofe  a middle  courfe  between  the  two  oppofite  ex- 
tremes. To  gratify  the  Americans,  he  repealed  the 
damp-aff  ; and  to  vindicate  the  honour  of  Britain,  he 
got  a law  paffed  declaratory  of  her  right  tolegiflate  for 
America  in  taxation  as  in  every  other  cafe. 

This  meafure,  whoever  w’as  its  author,  was  certainly 
not  the  offspring  either  of  wifdoni  or  vigour.  If  the 
mother  country  had  a right  to  legiflate  in  all  cafes  for 
America,  obeffience  to  the  damp-aff  fhould  certainly 
have  been  enforced  ; and  the  minidry  which  relinquifli- 
ed  an  acknowledged  right,  to  gratify  the  dlfpofition 
of  didant  colonies,  was  confidered  as  unfit  to  guide 
the  helm  of  a great  empire.  Lord  Rockingham  and 
his  friends  were  accordingly  difmiffed  from  office  ; and 
a new  adminidration  w'as  formed  under  the  aufpices  of 
Mr  Pitt,  now  created  Earl  of  Chatham. 

Burke,  in  the  mean  time,  w'rote  in  defence  of  the 
party  v^ith  which  he  was  conneffed  ; and  affumed  great 
credit  to  it  for  compofing  the  didraffions  of  the  Bri- 
tifh  empire  by  the  repeal  of  the  American  damp-aff, 
whild  the  conditutional  fuperiority  of  Oreat  Britain 
W'as  preferved  by  the  aff  for  fecuring  the  dependence 
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Burke,  of  the  colonies.  After  defending  his  friends,  he  pro-  finitely  fuperlor  to  perhaps  every  other  ferles  of  newf.  Burkt, 
ceeds  to  attack  thofe  who  had  fucceeded  them  in  office,  paper  invedives,  has  never  been  controverted  ; and  that 
Of  Lord  Chatham  he  fays — “ He  has  once  more  deign-  they  difplay  a vafl  extent  of  hiftorical  and  political  in- 
ed  to  take  the  reins  of  government  into  his  own  hand,  formation,  is  known  to  all  who  are  not  themfelves 
and  will,  no  doubt,  drive  with  his  wonted  fpeed,  and  ftrangers  to  the  hiftory  of  Great  Britain.  Unclaimed 
raife  a deal  of  duft  around  him.  His  horfes  are  all  by  any  author,  and  fuperior  to  the  productions  of  moil 
matched  to  his  mind  ; but  as  fome  of  them  are  young  authors,  they  have  been  given  to  Burke,  to  his  brother 
and  ficittifh,  it  is  fald  he  has  adopted  the  new  contriv-  Richard,  a man  likewife  of  very  bright  talents,  to  Mr 
ance  lately  exhibited  by  Sir  Francis  Delaval  on  Weft-  Hamilton,  and  to  Lord  George  Germaine.  We  ffiould 
minfter  bridge : whenever  they  begin  to  fnort  and  tofs  hardly  hefitate  to  adopt  the  opinion  of  thofe  who 
up  their  heads,  he  touches  the  (pring,  throws  them  aferibe  them  to  Burke,  had  he  not  difavowed  them  to 
loofe,  and  away  they  go,  leaving  his  lordfhip  fafe  and  his  friend  Johnfon.  “ I ffiould  have  believed  Burke 
fnug,  and  as  much  at  his  eafe  as  if  he  fat  on  a wool-  to  be  Junius  (faid  Johnfon),  becaufe  I know  no  man 
pack.”  but  Burke  who  is  capable  of  writing  thefe  letters;  but 

The  letter,  of  which  this  Is  an  extraCl,  was  printed  Burke  fpontaneoujly  denied  it  to  me.  The  cafe  would 
In  the  Public  Advertifer  ; and  Is  faid  to  have  contribut-  have  been  different  had  I ajked  him  if  he  was  the  au- 
ed,  in  no  fmall  degree,  to  leifen  the  popularity  of  the  thor.  A man  may  think  he  has  a right  to  deny  when 
illuftrlous  ftatefman  againft  whom  it  was  written.  The  fo  queftioned  as  to  an  anonymous  publication.”  The 
ininiftry,  indeed,  which  he  had  formed,  confifted  of  difference  between  the  ftyle  of  thefe  letters  and  that  of 
very  heterogeneous  materials,  and  was  not  heartily  ap-  Burke’s  acknowledged  writings,  would  have  had  no 
proved  of  by  the  nation.  It  therefore  foon  fell  in  weight  with  us ; becaufe  fuch  was  his  command  of  lan- 
pieces  by  its  own  difeord,  and  Lord  Chatham  retired  guage,  that  he  could  affume,  and  occafionally  did  af- 
in  difguft.  fume,  any  ftyle  which  he  chofe  to  imitate.  He  had 

The  parliament  being  diffolved  in  1768,  Burke  was  already  fo  clofely  imitated  the  very  different  ftyles  of 
re-eledled  for  Wendover,  and  took  his  feat,  when  the  Lucas  and  Bolingbroke  as  to  deceive  the  public ; and 
houfe  met,  in  November.  The  duke  of  Grafton  was  what  was  to  hinder  him  from  imitating  the  ftyle  of 
now  prime  mlnifter,  and  was  oppofed  by  two  powerful  Lord  George  Germaine,  which  certainly  has  a ftrong 
parties  in  parliament;  that  of  the  marquis  of  Rocking-  refemblance  to  that  of  Junius?  We  think,  however, 
ham,  and  that  of  which  Mr  Grenville  was  confidered  with  Johnfon,  that  his  fpontaneous  dijavowal  of  thefe 
as  the  leader.  Thefe  two  parties,  however,  differed  wide-  letters  ought  to  be  held  as  fufficient  proof  that  he  was 
ly  between  themfelves.  Mr  Grenville  had  publifhed  a not  their  author. 

pamphlet,  intitled,  The  Prefent  State  of  the  Nation ; in  Burke  had  now  gotten  a very  pleafant  villa  near 
v'hich  he  very  ably  vindicated  his  own  meafures,  and  of  Beaconsfield  in  Buckinghaniffiire  ; and  being  one  of  the 
courfe  condemned  the  meafures  of  thofe  who  had  fuc-  freeholders  of  the  county,  he  drew  up  a petition  to  the 
ceeded  him  ; and  Burke  replied  to  him,  with  greater  king,  complaining  of  the  conduct  of  the  houfe  of  com- 
eloquence,  but,  perhaps,  with  lefs  of  argument,  in  a mons  refpe<fting  the  Middlefex  eledlion,  and  praying 
tra(ft,  intitled  Obfervations  on  the  Prefent  State  of  the  for  a diffolution  of  the  parliament.  The  petition, 

Nation,  in  wffilch  he  makes  a very  high  panegyric  on  though  explicit  and  firm,  was  temperate  and  decorous, 
his  ow'n  patron,  and  the  connexions  of  the  party,  and  and  as  unlike  to  one  on  the  fame  fnbjeX  from  the  live- 
animadveits  with  cutting  feverity  on  their  fucceffors  in  ry  of  London,  as  the  principles  of  a moderate  Whig 
office.  are  to  thofe  of  a turbulent  democrate. 

About  this  period  commenced  the  national  frenzy  About  this  period  he  ftated  very  clearly  his  own 
which  was  excited  by  the  expulfion  of  Wilkes  from  the  political  principles  in  a pamphlet  intitled,  “ Thoughts 
houfe  of  commons,  for  having  printed  and  publifhed  a on  the  Caufes  of  the  Prefent  Difeontents ;”  and  his 
fedltious  libel,  and  three  obfeene  and  Impious  libels.  In  the  plan  for  removing  thefe  difeontents  had  not  a grain  of 
controverfy  to  which  this  tranfaXion  gave  rife,  Burke  democracy  in  Its  compofition.  Fie  propofed  to  place 
and  Johnfon  took  oppofite  Tides.  Johnfon,  in  his  Falfe  the  government  in  the  hands  of  an  open  ariftocracy  of 
Alarm,  contends,  with  great  ability,  that  the  expulfion  talents,  virtue,  property,  and  rank,  combined  together 
of  a member  from  the  houfe  of  commons  for  the  com-  on  avowed  principles,  and  fupported  by  the  approba- 
miffion  of  a crime,  amounts  to  a difqualificatlon  of  that  tion  and  confidence  of  the  people;  and  the  ariftocracy 
member  from  fitting  in  the  parliament  from  which  he  w'hich  he  thought  fitteft  for  this  great  truft,  was  a 
is  expelled  ; vvhilft  Burke,  though  he  difapproved  of  combination  of  thofe  Whig  families  which  had  moft 
the  conduX  of  Wilkes  as  much  as  his  friend,  laboured  powerfully  fupported  the  revolution  and  confequent  efta- 
to  prove,  that  nothing  but  an  aX  of  the  legiflature  can  blilliments.  He  expreffed,  in  ftrong  terms,  his  difappro- 
difqualify  any  perfon  from  fitting  in  parliament  who  is  bation  of  any  change  in  the  conftitution  and  duration 
regularly  chofen,  by  a majority  of  eleXors,  to  fill  a va-  of  parliament ; and  declared  himfelf  as  averfe  from  an 
cant  feat.  It  does  not  appear  that  this  difference  of  adminiftration  which  ffiould  have  no  other  fupport  than 
opinion  produced  the  fmalleft  abatement  of  mutual  re-  popular  favour,  as  from  one  brought  forward  merely 
gard  between  him  and  Johnfon.  They  both  attended  by  the  influence  of  the  court. 

the  weekly  club,  and  were  as  much  pleafed  with  each  In  this  plan  there  is  not  that  wifdom  or  liberality 
other  as  formerly.  which  might  have  been  expeXed  from  a man  of  Burke’s 

The  proceedings  of  the  Grafton  adminiftration,  re-  cultivated  mind  and  extenfive  reading.  The  Whigs, 
fpeXIng  Wilkes  and  other  fubjeXs,  gave  rile  to  the  ce-  when  in  power,  had  been  as  venal  as  the  Tories ; and 
lebrated  Letters  of  Junius.  That  thofe  compofitlons  the  imprifonment  of  Lord  Oxford,  the  baniffiment  of 
were,  in  clearnefs,  neatnefs,  and  precifion  of  ftyle,  in-  Atterbury  biftiop  of  Rochefter,  and  the  refolution  of 

the 
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Burke,  the  1 8 ih  of  November,  Mr  Fox  introduced  his  famous 
India-blll,  into  the  merits  of  which  it  is  foreign  from 
our  purpofe  to  enter ; fuffice  it  to  fay,  that  after  being 
llrongly  fupported  by  Burke,  and  ably,  oppofed  by 
Pitt  and  Dundas,  it  palTed  the  houfe  of  commons  by  a 
very  great  majority ; but  was  loft  in  the  houfe  of  peers, 
and  viewed  by  the  king  in  fuch  a light,  that  he  deter- 
mined on  an  entire  change  of  adminiftration. 

Mr  Pitt  was  now  placed  at  the  head  of  the  treafu- 
ry,  where  he  has  remained  ever  fince,  notwithftanding 
the  violent  and  powerful  oppofition  which  he  met  with 
at  6rft  from  North  and  Fox  and  their  coalefced  friends : 
the  voice  of  the  nation  has  been  on  his  fide  ; and  that 
voice  will  always  drown  the  bellowings  of  patriotifm. 

The  principal  events  in  which  Burke  fignalized  him- 
felf,  fince  the  year  1784,  were  the  trial  of  Haftings, 
the  deliberations  of  the  houfe  on  the  propofed  regency 
during  the  lamented  illnefs  of  the  king,  and  the  French 
revolution  ; and  on  each  of  thefe  occafions  he  difplayed 
talents  which  aftoniftied  the  nation.  He  has,  indeed, 
been  feverely  blamed  for  the  pertinacity  with  which  he 
profecuted  Mr  Haftings,  and  his  condudt  has  been  at- 
tributed to  very  unworthy  motives  ; but  of  this  there 
is  neither  proof  nor  prcbahility.  The  temperament  of 
his  mind  was  fuch,  that,  into  whatever  meafure  he  en- 
tered, he  entered  with  a degree  of  ardour  of  which 
cooler  heads  can  hardly  form  a conception.  Burke 
was  but  one  member  of  a committee  which  found,  or 
thought  it  found,  evidences  of  the  guilt  of  Haftings ; 
and,  in  forming  his  opinion,  it  is  little  likely  that  he 
fliould  have  been  biafled  by  intereft  or  refentment,  whofe 
delicate  fenfe  of  redlitude  would  not  permit  him  to  re- 
tain a penfion  when  he  could  no  longer  fupport  the 
paity  of  that  friend  who  had  obtained  it  for  him. 

When  the  eftabliftiment  of  a regency  was  thought 
necelfaiy,  he  took  the  part,  as  it  w'as  called,  of  the 
prince  of  Wales,  In  oppofition  to  the  plan  propofed  by 
Lord  Thurlow  and  the  roinifter  ; and  we  doubt  not 
but  he  was  aduated  by  the  pureft  principles ; but  the 
language  which  he  ufed  in  the  houfe  was  vehement, 
and  fome  of  his  exprcftions  were  highly  indecent.  Our 
regard  for  his  memory  makes  us  wifti  to  forget  them. 

Soon  after  the  recovery  of  the  king,  the  attention 
of  Burke  was  attraded  to  the  moft  momentous  event 
of  modern  times  ; — an  event  which  has  convulfed  all 
Europe,  and  of  which,  from  the  very  firft,  hisfagacity 
forefaw  the  confequences.  Many  of  his  friends  in  par- 
liament, as  well  as  numbers  of  wife  and  good  men  out 
of  it,  augured,  fiom  the  meeting  of  the  (fates  general 
of  France,  great  benefit  to  that  nation,  of  w-hich  the 
government  was  confidered  as  defpotic  and  oppreffive  ; 
and  fome  were  fanguine  enough  to  prognofticate  a new 
and  happy  order  of  things  to  all  the  nations  conneded 
with  France,  when  its  government  (hould  become  more 
free.  Burke  thought  very  differently  ; He  was  w'ell 
acquainted  with  the  genius  of  the  French  people,  and 
with  the  principles  of  thofe  phiiofophers,  as  they  called 
themfelves,  by  whom  a total  revolution  in  church  and 
ftate  had  long  been  projeded  ; and  from  the  commence- 
ment of  their  career  in  the  conftituent  affembly,  when 
they  eftabliftied,  as  the  foundation  of  all  legal  govern- 
ment, the  metaphyfical  dodrine  o{  the  rights  of  man,  he 
predided  that  torrent  of  anarchy  and  irreligion  which 
they  have  fince  attempted  to  pour  over  all  Europe. 
Fox  and  fome  of  the  other  leading  men  in  oppofition 


affeded  to  confider  this  as  a vain  fear  ; and  a coolnefs  Burke, 
took  place  betw'een  them  and  Burke,  though  they  ftill 
aded  together  in  parliament.  At  laft,  perceiving  the 
French  dodrines  of  liberty  and  equality  and  atheifm, 
fpreading  through  this  nation,  not  only  among  thofe 
who  had  talents  for  fuch  difquifitions,  but  in  clubs  and 
focieties,  of  which  the  members  could  be  no  judges  of 
metaphyfical  reafonings,  he  exprelfed  his  apprehenfion 
of  the  confequences  in  the  houfe  of  commons.  This 
brought  on  a violent  altercation  between  him  and  Fox, 
who  was  fupported  by  Sheridan ; and  a rupture  took 
place  between  thefe  old  friends  which  w^as  never  healed. 

He  no  more  attended  the  meetings  of  the  oppofition 
members ; and  in  1790  he  publiftied  his  celebrated  Re~ 

JleSwns  on  the  French  Revolution, 

By  the  friends  of  government  this  work  was  admired 
as  the  moft  feafonable,  as  well  as  one  of  the  ableft,  de- 
fences of  the  Britifh  conftltution  that  ever  was  written  ; 
whilft  Fox  and  his  friends,  with  the  great  body  of  Eng- 
li(h  dilfenters,  though  they  admitted  it  to  be  the  off- 
fprlng  of  uncommon  genius,  affefled  to  confider  it  as 
declamatory  rather  than  argumentative,  and  as  incon- 
fiftent  with  the  principles  which  its  author  had  hitherto 
uniformly  maintained.  Many  anfwers  were  written  to 
it ; of  which  the  moft  confpicuous  were  Vindicie  Gallicx 
by  Mr  Mac  Intofh,  and  The  Rights  of  Man  by  Thomas 
Paine.  To  thefe  Burke  deigned  not  to  make  a diredl 
reply.  He  vindicated  his  general  principles,  as  well  as 
fome  of  his  particular  reafonings,  in  A Letter  to  a Mem- 
ber of  the  National  Afemlly  ; and  he  very  completely 
evinced  the  confilfency  of  his  principles  In  his  Appeal 
from  the  New  to  the  Old  IVhigs. 

Of  this  great  work,  for  great  It  undoubtedly  is,  the 
merits  as  well  as  the  demerits  have  been  much  exagge- 
rated ; and  fome  have  made  it  a queftlon.  Whether  it 
has  on  the  whole  been  produdlive  of  good  or  of  harm  ? 

By  the  enemies  of  the  author,  it  is  reprefented  as  hav- 
ing  given  rife  to  the  fpirit  of  difcontent,  by  exciting 
fuch  writers  as  Paine  and  his  adherents,  who,  but  for 
the  provocation  given  by  The  RefleEtions,  might  have 
remained  in  filence  and  obfcurity.  This  was  from  the 
firft  a very  improbable  fuppofition  ; for  the  fpirit  of  de- 
mocracy has  at  all  times  been  reftlefs : but  fince  the  ap- 
pearance of  Profeifor  Robifon’s  Proofs  of  a confpiracy, 
and  Barruel’s  Hijlory  of  Jacobinifm,  it  muft  be  known 
to  every  reader  to  be  a fuppofition  contrary  to  fadf. 

The  confpirators  were  bufy  long  before  Burke  wrote 
his  Reflchions  ; and  the  friends  of  order  and  religion 
are  his  debtors,  for  having  fo  forcibly  roufed  tiiem  from 
their  dumber,  and  put  them  on  their  guard.  With  re- 
fpeft  to  compofition,  it  is  certainly  neither  fo  energetic 
nor  fo  argumentative  as  the  political  tradls  of  Johnfon, 
to  which  fome  have  affedted  to  confider  it  as  fuperlor  ; 
but  it  is  more  poetical,  gives  fcopefor  a greater  difplay 
of  the  knowledge  of  human  nature  ; and  being  written 
on  a more  interefting  fubjedt,  it  has  had  a much  great- 
er number  of  readers  than  thofe  unrivalled  pieces  of  po- 
litical controverfy. 

Burke  being  now  afibciated  with  Mr  Pitt,  continued 
to  write  from  time  to  time  memorials  and  remarks  on 
the  ftate  of  France,  and  the  alliance  that  was  formed 
againft  the  new  order  of  things  in  that  diftradted  coun-  ; 

try,  of  which  fome  have  been  publifhed  fince  his  death  ; 
and  having  refolved  to  quit  the  buftle  of  public  life  as 
foon  as  the  trial  of  Mr  Haftings  fliould  be  concluded. 
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Burke,  he  vacated  his  feat  when  that  gentleman  was  acquitted, 
and  retired  to  his  villa  at  Beaconsfield,  where  on  the 
2d  of  Auguft  1794  he  met  W'ith  a heavy  domellic  lofs 
in  the  death  of  his  only  fon.  In  the  beginning  of  the 
fame  year  he  had  loft  his  brother  Richard,  whom  he 
tenderly  loved : but  though  this  reiterated  ftroke  of 
death  deeply  afFefted  him.  It  never  relaxed  the  vigour 
of  his  mind,  nor  lelTened  the  intereft  which  he  took  in 
the  public  weal. 

In  this  retreat,  while  he  was  labouring  for  the  good 
of  all  around  him,  he  was  difturbed  by  a very  unpro- 
voked attack  upon  his  charafter  by  fome  diftinguiftied 
fpeakers  In  the  houfe  of  peers.  Soon  after  the  death  of 
his  fon  the  king  was  gracioufly  pleafed  to  beftow  a pen- 
fion  on  him  and  Mrs  Burke  ; and  this  thofe  noble  lords 
were  pleafed  to  reprefent  as  the  reward  of  what  they 
termed  the  change  of  his  principles  and  the  defertlon  of 
his  friends.  The  injuftice  of  this  charge  muft  be  obvi- 
ous to  every  Impartial  mind,  fince  the  penfion  was  giv- 
en after  he  had  retired  from  parliament,  and  could  not 
by  bis  eloquence  either  fupport  the  miniftry  or  gall  the 
oppofition.  He  was  not  a man  to  fubmit  tamely  to  fuch 
an  infult.  He  publHhed  a letter  on  the  occafion,  ad- 
drelTed  to  a noble  lord  (Earl  Fitzwilllam),  in  which  he 
repels  the  attack  on  his  charafler,  and  retaliates  on  thofe 
by  whom  it  was  made,  in  terms  of  fuch  eloquent  and 
keen  farcafm,  as  will  be  read  with  admiration  as  long 
as  the  language  of  the  letter  fliall  be  underftood. 

Burke  having  employed  every  effort  which  benevo- 
lence and  wifdom  could  devife  to  ftimulate  civilized  go- 
vernments to  unite  in  oppofition  to  the  impiety  and 
anarchy  of  France,  laboured  likev/ife  in  private  to  re- 
lieve thofe  who  hadfuffered  exile  and  profcription  from 
the  direful  fyftem.  Through  his  influence  a fchool  was 
eftabliflied  in  his  neighbourhood  for  the  education  of 
thofe  whofe  parents,  for  their  adherence  to  principle, 
were  rendered  unable  to  afford  to  their  children  ufeful 
inftruffion  ; and  that  fchool,  which  on  his  deathbed  he 
recommended  to  Mr  Pitt,  continues  to  flourifti  under 
his  powerful  protection. 

When  the  appearance  of  melioration  In  the  principles 
and  government  of  France  Induced  our  fovereign  to 
make  overtures  ofpeacetothe  French  directory,  Burke 
refiimed  his  pen  ; and  in  a ferles  of  letters,  intitled, 
Thoughls  on  the  Profpefl  of  a Regicide  Peaces  difplayed 
a force  of  genius  which  is  certainly  not  furpaffed,  and 
perhaps  not  equalled,  even  in  his  far  famed  ReJleBions 
on  the  French  Revolution,  This  was  his  laft  work, 
and  was  confidered  by  himfeif  as  in  its  nature  tefta- 
mentary. 

From  the  beginning  of  June  1797  his  health  rapidly 
declined  ; but  his  underftanding  exerted  itfelf  with  un- 
diminifhed  force  and  uncontraCted  range  ; and  his  dif- 
pofitions  retained  all  their  amiable  fweetnefs.  On  the 
7th  of  July,  when  the  French  revolution  was  mention- 
ed, he  fpoke  with  pleafure  of  the  confcious  reCtitude  of 
his  own  Intentions  in  what  he  had  done  and  written  re- 
fpeCting  it ; intreated  thofe  about  him  to  believe,  that  if 
any  unguarded  expreflion  of  his  on  the  fubjeCl  had  of- 
fended any  of  his  former  friends,  no  offence  was  by  him 
intended  ; and  he  declared  his  unfeigned  forgivenefs  of 
all  who  had  on  account  of  his  writings,  or  for  any  other 
caufe,  endeavoured  to  do  him  an  injury.  On  the  day 
following  he  defined  to  be  carried  to  another  room ; 


and  whilft  one  of  his  friends,  affifted  by  fome  fervants,  Burks' 
was  complying  with  hisrequeft,  Mr  Burke  faintly  ut-  ,11 
tering,  “ God  blefs  you,”  fell  back  and  expired  in  the 
68  th  year  of  his  age. 

From  this  detail,  we  truft  that  our  readers  are  alrea- 
dy fufficiently  acquainted  with  his  general  character. 

In  genius,  variety  of  knowledge,  and  readinefs  of  ex- 
preffion,  Johnfon  alone  of  all  his  contemporaries  could 
be  confidered  as  his  rival ; and,  like  that  great  man,  he 
took  every  opportunity,  efpecially  during  his  laft  illnefs, 
to  declare  his  unfhaken  belief  of  the  Chriftian  religion, 
his  veneration  for  fincere  Chriftians  of  all  perfuafions, 
and  his  own  preference  of  the  church  of  England,  On 
the  worflrip  of  that  church  he  had  indeed  through  the 
whole  of  his  life  been  a regular  and  devout  attendant; 
and  the  tears  which  the  poor,  in  the  neighbourhood  of 
his  villa,  (bed  at  his  funeral,  gave  fufiiclent  evidence 
that  his  faith  had  been  productive  of  charity.  In  his 
public  conduct,  the  irritability  of  his  temper,  and  the 
ardour  of  his  imagination,  fometimes  hurried  him  into 
the  exceffes  of  a mere  party-man  ; but  we  believe  that 
his  great  religious  and  political  principles  never  varied. 

He  has  himfeif  charaCterifed  his  public  conduCt  in  the 
conclufion  of  his  Reflections  on  the  French  Revolution, 
when  he  fays,  that  “ they  come  from  one  who  has  been 
no  tool  of  power,  no  flatterer  of  greatnefs,  and  who  in 
his  laft  aCts  does  not  wifh  to  belie  the  tenor  of  his  life  ; 
from  one  who  wifties  to  preferve  confiftency,  but  who 
would  preferve  confiftency  by  varying  his  means  to  fe- 
cure  the  unity  of  his  end  ; and  when  the  equipolfe  of 
the  veffel  in  which  he  fails  may  be  endangered  by  over- 
loading it  upon  one  fide,  is  defirous  of  carrying  the 
fmall  weight  of  his  reafons  to  that  which  may  preferve 
the  equipoife.” 

BURKE  Co.  in  Morgan  dlftriCl,  N.  Carolina,  has 
8118  inhabitants.  Including  595  flaves.  Its  capital  is 
Morgantown. — Morse. 

Burke  Co.  in  the  Lower  diftriCl  of  Georgia,  con- 
tains 9467  inhabitants,  including  5’95  flaves.  Its  chief 
towns  are  Louifville,  and  Waynefborough. — ib. 

Burke,  a townfhip  in  Caledonia  co.  in  Vermont; 
diftant  from  Bennington,  134  miles  N.  E. — ih. 

BURLINGTON,  is  a pleafant  townfhip,  the  chief 
in  Chittenden  co.  Vermont,  fituated  on  the  S.  fide  of 
Onion  River,  on  the  E.  bank  of  Lake  Champlain.  It 
has  332  inhabitants.  It  is  in  this  healthy  and  agreea- 
ble lituation,  that  the  governor  and  patrons  of  the  col- 
lege of  Vermont,  intend  to  found  a feminary  of  learn- 
ing, where  youth  of  all  denominations  may  receive  an 
education. 

In  digging  a well  about  15  rods  from  the  bank  of 
the  river,  frogs  have  been  found,  at  the  depth  of  25 
feet,  where  no  cavities  or  communication  with  the  wa- 
ter appeared,  through  which  they  might  have  paffed  ; 
and  when  expofed  to  the  heat  of  the  fun  they  became 
full  of  life  and  affivity.  Here  ftumps  of  trees  are 
found  40  feet  deep.  It  is  conjedfured  that  thefe  ani- 
mals muft  have  been  covered  up  fome  hundred  years 
ago,  by  fome  inundation  of  the  river.  Burlington  is 
22  miles  northerly  of  Vergennes,  122  from  Benning- 
ton, and  332  In  the  fame  diredlon  from  New-York 
city,  N.  lat.  44.  30. — ib. 

Burlington,  or  Ouineajkea  Bay,  on  the  E.  fide  of 
Lake  Champlain,  about  34  miles  N.  by  E.  from  Crown 
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Burns,  too,  the  Grave  of  Blair,  the  far-famed  Elegy  of  Gray, 
the  Paradife  Loft  of  Milton,  perhaps  the  Minftrel  of 
Beattie,  were  fo  commonly  read,  even  among  thofe 
with  whom  Burns  would  naturally  alTociate,  that  poe- 
tical curiofity,  although  even  lefs  ardent  than  his,  could 
in  fuch  circumftances  have  little  difticulty  in  procuring 
them. 

With  fuch  means  to  give  his  Imagination  a poetical 
bias,  and  to  favour  the  culture  of  his  tafte  and  genius. 
Burns  gradually  became  a poet.  He  was  not,  how- 
ever, one  of  thofe  forward  children  who,  from  a mif- 
taken  impulfe,  begin  prematurely  to  write  and  to  rhyme, 
and  hence  never  attain  to  excellence.  Converfing  fa- 
miliarly for  a long  while  with  the  works  of  thofe  poets 
who  were  known  to  him  ; contemplating  the  afpedl:  of 
nature  in  a diftrift  which  exhibits  an  uncommon  aifem- 
blage  of  the  beautiful  and  the  ruggedly  grand,  of  the 
cultivated  and  the  wild  ; looking  upon  human  life  with 
an  eye  quick  and  keen,  to  remark  as  well  the  ftronger 
and  leading,  as  the  nicer  and  fubordinate,  features  of 
charadter ; to  difcriminate  the  generous,  the  honour- 
able, the  manly,  in  condudt,  from  the  ridiculous,  the 
bafe,  and  the  mean — he  was  diftinguilhed  among  his 
fellows  for  extraordinary  intelligence,  good  fenfe,  and 
penetration,  long  before  others,  or  perhaps  even  hlm- 
felf,  fufpedled  him  to  be  capable  of  writing  verfes.  His 
mind  was  mature,  and  well  ftored  with  fuch  knowledge 
as  lay  within  his  fearch  : he  had  made  himfelf  mafter  of 
powers  of  language,  fuperior  to  thofe  of  almoft  any  for- 
mer writer  in  the  Scottilh  dialed,  before  he  conceived 
the  Idea  of  furpaffing  Ramfay  and  Fergufon. 

Hitherto  he  had  converfed  intimately  only  with  pea- 
fants  on  his  own  level ; but  having  got  admiffion  into 
the  fraternity  of  free-mafons,  he  had  the  fortune,  whe- 
ther good  or  bad,  to  attrad  in  the  lodges  the  notice  of 
gentlemen  better  qualified  than  his  more  youthful  com- 
panions to  call  forth  the  powers  of  his  mind,  and  to 
fiiow  him  that  he  was  indeed  a poet.  A mafonic  fong, 
a fatirical  epigram,  a rhyming  epiftle  to  a friend,  at- 
tempted with  fuccefsj  taught  him  to  know  his  own 
powers,  and  gave  him  confidence  to  try  talks  more 
arduous,  and  which  Ihould  command  ftili  higher  burfts 
of  applaufe. 

The  annual  celebration  of  the  facraraent  of  the 
Lord’s  Supper,  in  the  rural  parifties  of  Scotland,  has 
much  in  It  of  thofe  old  popifti  feftivals,  in  which  fuper- 
ftitlon,  traffic,  and  amufement,  ufed  to  be  ftrangely  in- 
termingled. Burns  faw,  and  feized  in  it  one  of  the  hap- 
pieft  of  all  fubjeds,  to  afford  fcope  for  the  difplay  of 
that  ftrong  and  piercing  fagacity  by  w'hich  he  could 
almoft  intuitively  diftinguifti  the  reafonable  from  the 
abfurd,  and  the  becoming  from  the  ridiculous ; of  that 
pidurefque  power  of  fancy,  which  enabled  him  to  re- 
prefent  fcenes,  and  perfons,  and  groupes,  and  looks, 
attitude,  and  geftures,  in  a manner  almoft  as  lively  and 
imprefllve,  even  in  words,  as  if  all  the  artifices  and 
energies  of  the  pencil  had  been  employed  ; of  that  know- 
ledge which  he  had  necelfarily  acquired  of  the  manners, 
pafflons,  and  prejudices  of  the  ruftics  around  him,  of 
whatever  was  ridiculous,  no  lefs  than  of  whatever  was 
afifedingly  beautiful  in  rural  life. 

A thoufand  prejudices  of  Popilh,  and  perhaps  too  of 
ruder  Pagan  fuperftition,  have  from  time  immemorial 
been  connedted  in  the  minds  of  the  Scottifh  peafantry, 
with  the  annual  recurrence  of  the  Eve  of  the  Feftival  of 


all  the  Saints  or  Halloween.  Thefe  were  all  intimate-  Burns, 
ly  known  to  Burns,  and  had  made  a powerful  impref- 
fion  upon  his  Imagination  and  feelings.  He  chofe  them 
for  the  fubjedl  of  a poem,  and  produced  a piece  which 
is  almoft  to  frenzy  the  delight  of  thofe  who  are  beft  ac- 
quainted with  its  fubjedt ; and  which  will  not  fail  to 
preferve  the  memory  of  the  prejudices  and  ufages  which 
it  defcribes,  when  they  fliall  perhaps  have  ceafed  to  give 
one  merry  evening  in  the  year  to  the  cottage'  fire- 
fide. 

The  fimple  joys,  the  honeft  love,  the  fincere  frlend- 
flrlp,  the  ardent  devotion  of  the  cottage;  whatever  in 
the  more  folemn  part  of  the  ruftic’s  lite  is  humble  and 
artlefs,  vdthout  being  mean  or  unfeemly — or  tender  and 
dignified,  without  afpiring  to  ftilted  grandeur — or  to 
unnatural,  bufkined  pathos,  had  deeply  imprelfed  the 
imagination  of  the  rifing  poet ; had,  in  fome  fort, 
wrought  itfelf  into  the  very  texture  of  the  fibres  of  his 
foul.  He  tried  to  exprefs  in  verfe  what  he  moft  ten- 
derly felt,  what  he  moft  enthufiaftically  imagined  ; and 
produced  the  Cottar's  Saturday's  Night. 

Thefe  pieces,  the  true  effulions  of  genius,  Informed 
by  reading  and  obfervatlon,  and  prompted  by  its  own 
native  ardour,  as  well  as  by  friendly  applaufe,  were 
foon  handed  about  among  the  moft  difcerning  of  Burns’s 
acquaintance  ; and  W'ere  by  every  new  reader  perufed 
and  reperufed,  with  an  eagernefs  of  delight  and  appro- 
bation which  would  not  fuffer  their  author  long  to  with- 
hold them  from  the  prefs.  A fubfcription  was  propofed, 
w'as  earneftly  promoted  by  fome  gentlemen,  who  were 
glad  to  intereft  themfelves  in  behalf  of  fuch  fignal  poe- 
tical merit ; was  foon  crowded  with  the  names  of  a 
confiderable  number  of  the  inhabitants  of  Ayrffilre,  who 
in  the  proffered  purchafe  fought  not  lefs  to  gratify 
their  own  paffion  for  Scottifh  poefy,  than  to  encourage 
the  wonderful  ploughman.  At  Kilmarnock  were  the 
poems  of  Burns  for  the  firft  time  printed.  The  whole 
edition  was  quickly  diftributed  over  the  country. 

It  is  hardly  pofllble  to  exprefs  with  what  eager  ad- 
miration and  delight  they  were  every  where  receiv- 
ed.— They  eminently  poffeffed  all  thofe  qualities  which 
the  moft  invariably  contribute  to  render  any  literary 
work  quickly  and  permanently  popular.  They  were 
written  In  a phrafeology,  of  which  all  the  powers  were 
univerfally  felt  ; and  which  being  at  once  antique,  fa- 
miliar, and  now  rarely  written,  was  hence  fitted  to  ferve 
all  the  dignified  and  piflurefque  ufes  of  poetry,  with- 
out making  it  unintelligible.  The  imagery,  the  fenti- 
ments,  were  at  once  faithfully  natural,  and  irrefiftibly 
imprelTive  and  interefting.  Thofe  topics  of  fatire  and 
fcandal  in  which  the  ruftic  delights  ; that  humorous 
imitation  of  charafter,  and  that  witty  affociation  of  ideas 
familiar  and  ftriking,  yet  not  naturally  allied  to  one 
another,  which  has  force  to  lhake  his  Tides  with  laugh- 
ter ; thofe  fancies  of  fuperftition,  at  which  he  ftili  won- 
ders  and  trembles  ; thofe  affedting  fentiments  and  ima- 
ges of  true  religion,  which  are  at  once  dear  and  awful  to 
his  heart,  were  all  reprefented  by  Burns  with  all  a po- 
et’s magic  pow’er.  Old  and  young,  high  and  low-,  grave 
and  gay,  learned  or  ignorant,  all  w'ere  alike  delighted, 
agitated,  tranfported. 

In  the  mean  time,  fome  few  copies  of  thefe  fafclna- 
ting  poems  found  their  way  to  Edinburgh  ; and  having 
been  read  to  Dr  Blacklock,  they  obtained  his  w’armeft 
approbation.  In  the  beginning  of  the  winter  1786-7 
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Burns.  Bums  went  to  Edinburgh,  where  he  was  received  by 
Dr  Blacklock  with  the  mod  flattering  kindnefs,  and 
introduced  to  every  man  of  generofity  and  tafhe  among 
that  good  man’s  friends.  Multitudes  now  vied  with 
each  other  in  patronizing  the  rufiic  poet.  Thofe  who 
poflefied  at  once  true  tafte  and  ardent  philanthrophy 
were  foon  earneftly  united  in  his  praife  ; they  who  were 
difpofed  to  favour  any  good  thing  belonging  to  Scot- 
land, purely  becaufe  it  was  Scottifli,  gladly  joined  the 
cry ; thofe  who  had  hearts  and  underflanding  to  be 
charmed,  without  knowing  why,  when  they  faw  their 
native  cufloms,  manners,  and  language,  made  thefub- 
jedts  and  the  materials  of  poefy,  could  not  fupprefs  that 
voice  of  feeling  which  ftruggled  to  declare  itfclf  for 
Burns:  for  the  diffipated,  the  licentious,  the  malignant 
wits,  and  the  freethinkers,  he  was  fo  unfortunate  as  to 
havefatire,  and  obfcenity,  and  ridicule  of  things  facred, 
fufilcient  to  captivate  their  fancies  ; even  for  the  pious 
he  had  pafl'ages  in  which  the  infpired  language  of  de- 
votion might  feem  to  come  mended  from  his  pen. 

Thus  did  Burns,  ere  he  had  been  many  weeks  in 
Edinburgh,  find  himfelf  the  objedt  of  univerfal  curiofi- 
ty,  favour,  admiration,  and  fondnefs.  He  was  fought 
after,  courted  with  attentions  the  moft  refpedtful  and 
alTiduous,  feafted,  flattered,  carefled,  treated  by  all 
ranks  as  the  firft  boaft  of  his  country,  whom  it  was 
fcarcely  polTible  to  honour  and  reward  to  a degree  equal 
to  his  merits.  In  comparifon  with  the  general  favour 
which  now  promifed  to  more  than  crown  his  moft  fan- 
guine  hopes,  it  could  hardly  be  called  praife  at  all 
which  he  had  obtained  in  Ayrftiire. 

In  this  pofture  of  our  poet’s  affairs  a new  edition  of 
his  poems  was  earneftly  called  for.  Ele  fold  the  copy- 
right for  one  hundred  pounds ; but  his  friends  at  the 
fame  time  fuggefted,  and  actively  promoted  a fubfcrip- 
tion  for  an  edition,  to  be  publiflied  for  the  benefit  of  the 
author,  ere  the  bookfeller’s  right  (hould  commence. 
Thofe  gentlemen  who  had  formerly  entertained  the  pub- 
lic of  Edinburgh  with  the  periodical  publication  of  the 
papers  of  the  Mirror ^ having  again  combined  their  ta- 
lents in  producing  the  Lounger.,  were  at  this  time  about 
to  conclude  this  laft  feries  of  papers  ; yet  before  the 
Lounger  relinquiflied  his  pen,  he  dedicated  a number 
to  a commendatory  criticifm  of  the  poems  of  the  Ayr- 
ihire  bard. 

The  fubfcription-papers  w'ere  rapidly  filled  ; gnd  it 
was  fuppofed  that  the  poet  might  derive  from  the  fub- 
I'cription  and  the  fale  of  his  copy-right  a clear  profit  of 
at  leaft  700  pounds. 

The  converfation  of  even  the  moft  eminent  authors 
is  often  found  to  be  fo  unequal  to  the  fame  of  their 
writings,  that  he  w'ho  reads  with  admiration  can  liften 
w’ith  none  but  fentiments  of  the  moft  profound  con- 
tempt. But  the  converfation  of  Burns  was  in  compa- 
rifonwith  the  formal  and  exterior  circumrtances  of  his 
education,  perhaps  even  more  wonderful  than  his  poetry. 
He  affeded  no  foft  air  or  graceful  motions  of  politenefs, 
which  might  have  ill  accorded  with  the  ruftic  plainnefs 
of  his  native  manners.  Confcious  fuperiority  of  mind 
taught  him  to  affociate  with  the  great,  the  learned,  and 
the  gay,  without  being  overawed  into  any  fuch  bafhful- 
nefs  as  might  have  made  him  confufed  in  thought,  or 
hefitating  in  elocution.  He  poffeffed  withal  an  extra- 
ordinary fhare  of  plain  common  fenfe  or  mother-wfit, 
W’hich  prevented  him  from  obtruding  upon  perfons,  of 


whatever  rank  with  wnom  he  w’as  admitted  to  ccnverfe,  Cuims. 
any  of  thofe  effufions  of  vanity,  envy,  or  felf-conceit,  in 
which  authors  are  exceedingly  apt  to  indulge,  who  have 
lived  remote  from  the  general  praclice  of  life,  and  whofe 
minds  have  been  almolt  exclusively  confined  to  contem- 
plate their  own  ftudies  and  their  own  w'orks.  In  con- 
verfation he  difplayed  a fort  of  intuitive  quicknefs  and 
redlitude  of  judgment  upon  every  fubject  that  arofe. 

The  fenfibility  of  his  heart,  and  the  vivacity  of  his  fan- 
cy, gave  a rich  colouring  to  whatever  reafoning  he  was 
difpofed  to  advance  ; and  his  language  in  converfation 
was  not  at  all  lefs  happy  than  in  his  writings.  For 
thefe  reafons,  thofe  w’ho  had  met  and  convet  fed  with  him 
once,  w'ere  pleafed  to  meet  and  to  converfe  with  him 
again  and  again. 

For  fome  time  he  converfed  only  w'ith  the  virtuous, 
the  learned,  and  the  wife  ; and  the  purity  of  his  morals 
remained  uncontaminated.  But,  alas ! he  fell,  as  others 
have  fallen  in  fimilar  circumftances.  He  fuftered  him- 
felf to  be  furrcunded  by  a race  of  miferable  beings,  who 
W'ere  proud  to  tell  that  they  had  been  in  company  wfith 
Burns,  and  had  feen  Burns  as  loofe  and  as  foolifh  as 
themfelves.  He  was  not  yet  irrecoverably  loft  to  tem- 
perance and  moderation ; but  he  was  already  almoft 
too  much  captivated  with  their  w'anton  rivals,  to  be 
ever  more  w'on  back  to  a faithful  attachment  to  their 
more  fobcr  charms.  He  now  alfo  began  to  contradt 
fomething  of  new  arrogance  in  converfation.  Accuf- 
tomed  to  be  among  his  favourite  affociates  what  is  vul- 
garly but  expreffively  called  the  cock  of  the  company,  he 
could  fcarcely  refrain  from  indulging  in  fimilar  freedom 
and  diftatorial  decifion  of  talk,  even  in  the  prefence  of 
perfons  who  could  lefs  patiently  endure  his  prefurap- 
tion. 

The  fubfciiption  edition  of  his  poems,  in  the  mean 
time,  appeared ; and  although  not  enlarged  beyond  that 
which  came  from  the  Kilmarnock  prefs  by  any  new 
pieces  of  eminent  merit,  did  not  fail  to  give  entire  fa- 
tisfadtion  to  the  fubfcribers.  He  was  now  to  clofe  ac- 
counts with  his  bookfeller  and  his  printer,  to  retire  to 
the  country  with  his  profits  in  his  pocket,  and  to  fix 
upon  a plan  for  his  future  life.  He  talked  loudly  of 
independence  of  fpirit  and  fimpHcity  of  manners,  and 
boatted  his  refolution  to  return  to  the  plough  ; yet  ftill 
he  lingered  in  Edinburgh,  week  after  week,  and  month 
after  month,  perhaps  expedling  that  one  or  other  of  his 
noble  patrons  might  procure  him  fome  permanent  and 
competent  annual  income,  which  fhould  fet  him  above 
all  neceffity  of  future  exertions  to  earn  for  himfelf  the 
means  of  fubfiftence  ; perhaps  unconfcioufly  reludfant  to 
quit  the  pleafures  of  that  voluptuous  town-life  to  which 
he  had  for  fome  time  too  willingly  accuftomed  himfelf. 

An  accidental  diflocation  or  fradture  of  an  arm  or  a leg 
confining  him  for  fome  weeks  to  his  apartment,  left  him 
during  this  time  leifure  for  ferious  refledfion ; and  he 
determined  to  retire  from  the  tow'n  without  longer  de- 
lay. None  of  all  his  patrons  interpofed  to  divert  him 
from  his  purpcfe  of  returning  to  the  plough,  by  the  of- 
fer of  any  fmall  penfion,  or  any  finecure  place  of  mode- 
rate emolument,  fuch  as  might  have  given  him  compe- 
tence without  withdrawing  him  from  his  poetical  ftu- 
dies. It  feemed  to  be  forgotten  that  a ploughman  thus 
exalted  into  a man  of  letters  was  unfitted  for  his  for- 
mer toils,  without  being  regularly  qualified  to  enter  the 
career  of  any  new  profeffion ; and  that  it  became  in- 
cumbent 
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Burns,  cumbent  upon  thofe  patrons  who  had  called  him  from 
the  plough,  not  merely  to  make  him  their  companion  in 
the  hour  of  riot,  not  fimply  to  fill  his  purfe  with  gold 
for  a few  tranfient  expences,  but  to  fecure  him  as  far 
as  was  poffible  from  being  ever  overwhelmed  in  diftrefs  in 
confequence  of  the  favour  which  they  had  fhown  him, 
and  of  the  habits  of  life  into  which  they  had  feduced 
him.  Perhaps  indeed  the  fame  delufion  of  fancy  be- 
trayed both  Burns  and  his  patrons  into  the  miftaken 
idea,  that,  after  all  which  had  palfed,  it  was  ftill  poffible 
for  him  to  return  in  cheerful  content  to  the  homely 
joys  and  fimple  toils  of  undiffiipated  rural  life. 

In  this  temper  of  Burns’s  mind,  in  this  (late  of  his 
fortune,  a farm  and  the  excife  were  the  objedts  upon 
which  his  choice  ultimately  fixed  for  future  employment 
and  fupport.  By  the  furgeon  who  attended  him  during 
his  illnefs,  he  was  recommended  with  effedt  to  the  com- 
miffioners  of  excife  ; and  Patrick  Millar,  Efq  ; of  Dal- 
fwinton,  deceived,  like  Burns  himfelf  and  Burns’s  other 
friends,  into  an  idea  that  the  poet  and  excifeman  might 
yet  be  refpeclable  and  happy  as  a farmer,  generoufly 
propofed  to  eftabliffi  him  in  a farm,  upon  conditions  of 
leafe  which  prudence  and  induftry  might  eafily  render 
exceedingly  advantageous.  Burns  eagerly  accepted  the 
offers  of  this  benevolent  patron.  Two  of  the  poet’s 
friends  from  Ayrlhire  were  invited  to  furvey  that  farm 
in  Dumfriesffiire  which  Mr  Millar  offered.  A leafe 
was  granted  to  the  poetical  farmer  at  that  annual  rent 
which  his  own  friends  declared  that  the  due  cultivation 
of  his  farm  might  eafily  enable  him  to  pay.  What  yet 
remained  of  the  profits  of  his  publication  was  laid  out 
in  the  purchafe  of  farm-ftock  ; and  Mr  Millar  might, 
for  fome  fhort  time,  pleafe  himfelf  with  the  perfualion 
that  he  had  approved  himfelf  the  liberal  patron  of  ge- 
nius ; had  acquired  a good  tenant  upon  his  eftate  ; and 
had  placed  a deferving  man  in  the  very  fituation  in 
which  alone  he  himfelf  defired  to  be  placed,  in  order 
to  be  happy  to  his  wifiies. 

Burns,  with  his  Jane,  whom  he  now  married,  took 
up  their  refidence  upon  his  farm.  The  neighbouring 
farmers  and  gentlemen,  pleafed  to  obtain  for  an  inmate 
among  them  the  poet  by  whofe  works  they  had  been 
delighted,  kindly  Ibught  his  company,  and  invited  him 
to  their  houfes.  He  found  an  inexpreffible  charm  in 
fitting  down  befide  his  wile,  at  his  own  firefide ; in 
wandering  over  his  own  grounds ; in  once  more  putting 
his  hand  to  the  fpade  and  the  plough  ; in  forming  his 
inclofures,  and  managing  his  cattle.  For  fome  months 
he  felt  almoft  all  that  felicity  which  fancy  had  taught 
liim  to  expeff  in  his  new  fituation.  He  had  been  for 
a time  idle;  but  his  mufcles  were  not  yet  unbraced  for 
rural  toil.  He  now  feemed  to  find  a joy^  in  being  the 
hulband  of  the  mifirefs  of  his  affeffions,  in  feeing  him- 
felf the  father  of  her  children,  fuch  as  might  promife  to 
attaxh  him  for  ever  to  thatmodelf,  humble,  and  domef- 
tic  life,  in  which  alone  he  could  hope  to  be  permanent- 
ly happy.  Even  his  engagements  in  the  fervice  of  the 
excife  did  not,  at  the  very  firfi,  threaten  neceffarily  to 
debafe  him  by  affociaticn  with  the  merm,  the  grofs,  and 
the  profligate,  to  contaminate  the  poet,  or  to  ruin  the 
farmer. 

But  it  could  not  be  ; it  was  not  poffible  for  Burns 
now  to  affiime  that  fobernefs  of  fancy  and  paffions,  that 
ledatenefs  of  feeling,  thofe  habits  of  earneil  attention  to 
grofs  and  vulgar  cates,  without  which  fuccefs  in  his  new 
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fituation  was  not  to  be  expected.  A thoufand  difficul-  Burns, 
ties  were  to  be  encountered  and  overcome,  much  money 
was  to  be  expended,  much  weary  toll  was  to  be  exer- 
cifed,  before  his  farm  could  be  brought  into  a ftate  of 
cultivation,  in  which  its  produce  mignt  enrich  the  oc- 
cupier. This  was  not  a profpedt  encouraging  to  a man 
who  had  never  loved  labour,  and  who  was  at  this  time 
certainly  not  at  all  difpofed  to  enter  into  agriculture 
with  the  enthufiafin  of  a projeffor.  The  bufinefs  of  the 
excife  too,  as  he  began  to  be  more  and  more  employed 
in  it,  diflraded  his  mind  from  the  care  of  his  farm,  led 
him  into  grofs  and  vulgar  fociety,  and  expofed  him  to 
many  unavoidable  temptations  to  drunken  excefs,  fuch 
as  he  had  no  longer  fufficient  fortitude  to  refill.  Amidft 
the  anxieties,  diltraftions,  and  feducements  which  thus 
arofe  to  him,  home  became  infenfibly  Icfs  and  lefs  pleaf- 
Ing  ; even  the  endearments  of  his  Jane’s  affedfion  be- 
gan to  lofe  their  hold  on  his  heart ; he  became  every 
day  lefs  and  lefs  unwilling  to  forget  in  riot  thofe  ga- 
thering forrows  which  he  knew  not  to  fubdue. 

Mr  Millar  and  fome  others  of  his  friends  would  glad- 
ly have  exerted  an  influence  over  his  mind  which  might 
have  preferved  him  in  this  fituation  of  his  affairs,  equally 
from  defpondency  and  from  diffipation  ; but  Burns’s 
temper  fpurned  all  conti-oul  from  his  fuperiors  in  for- 
tune. He  relented,  as  an  arrogant  encroachment  upon 
his  independence,  that  tenor  of  condud  by  which  Mr 
Millar  wiflied  to  turn  him  from  dilTolute  conviviality, 
to  that  Heady  attention  to  the  bufinefs  of  his  farm, 
without  which  it  was  impoffible  to  thrive  in  it.  His 
crolfes  and  difappointments  drove  him  every  day  more 
and  more  into  diffipation  ; and  his  dillipation  tended  to 
enhance  whatever  was  difagreeable  and  perplexing  in 
the  Hate  of  his  affairs.  He  funk,  by  degrees,  into  the 
boon  companion  of  mere  excifemen  ; and  almoft  every 
drunken  fellow,  who  was  willing  to  fpend  his  money  la- 
vilhly  in  the  alehoufe,  could  eafily  command  the  com- 
pany of  Burns.  The  care  of  his  farm  was  thus  negleff- 
ed  ; wafte  and  Ioffes  wholly  confumed  his  little  capital ; 
he  refigned  his  leafe  into  the  hands  of  his  landlord  ; and 
retired,  with  his  family,  to  the  town  of  Dumfries,  de- 
termining to  depend  entirely  for  the  means  of  future 
fupport  upon  his  income  as  an  excife-officer. 

Yet  during  this  unfortunate  period  of  his  life,  which 
paffed  between  his  departure  from  Edinburgh  to  fettle  in 
Dumfriesffiire,  and  his  leaving  the  country  in  order  to 
take  up  his  refidence  in  the  town  of  Dumfries,  the  ener- 
gy and  adfivity  of  his  inielleffual  powers  appeared  to 
have  been  not  at  all  impaired.  In  a colleffion  of  Scot- 
tllh  fongs,  wlilch  were  publlffied  (the  words  with  the 
mufic)  by  Mr  Johnfon,  engraver  in  Edinburgh,  in  4 
vols  8vo,  Burns,  in  many  inftances,  accommodated  new 
verfes  to  the  old  tunes  with  admirable  felicity  and  fklll. 

He  affifted  in  the  temporary  inftitution  of  a fmall  fub- 
fcription  library,  for  the  ufe  of  a number  of  the  well- 
difpofed  peafants  in  his  neighbourhood.  He  readily 
aided,  and  by  his  knowled;^e  of  genuine  Scottifh  phra- 
feology  and  manners  greatly  enlightened,  the  antiqua- 
rian refearches  of  the  late  ingenious  Captain  Groi'e. 

He  ftill  carried  on  an  epifiolary  correfponder.ee,  fome- 
times  gay,  fportive,  humorous,  but  always  enlivened 
by  bright  flalhes  of  genius,  with  a number  of  his  old 
friends,  and  on  a very  wide  diverfity  of  topics.  At 
times,  as  it  fiiould  feem  from  his  writings  of  this  period, 
he  refleffeJ,  with  inexpreffible  heart-bitternefs,  on  the 
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Burns,  high  hopes  from  which  he  had  fallen  ; on  the  errors  of 
moral  conduft  into  which  he  had  been  hurried  by  the 
ardour  of  his  foul  ; and  in  fome  meafure  by  the  very  ge- 
nerofily  of  his  nature  ; on  the  difgrace  and  wretchednefs 
into  w'hich  he  faw  himfelf  rapidly  finking;  on  the  for- 
row  with  which  his  mifcondufl:  opprelfed  the  heart  of 
his  Jane  ; on  the  want  and  dellitute  mifery  in  which  it 
feeroed  probable  that  he  mud  leave  her  and  their  in- 
fants ; nor  amidft  thefe  agonizing  refledtions  did  he  fail 
to  look,  with  an  indignation  half  invidious,  half  con- 
temptuous, on  thofe  who,  with  moral  habits  not  more 
excellent  than  his,  with  powers  of  intelledl  far  inferior, 
yet  balked  in  the  fun-fliine  of  fortune,  and  were  loaded 
with  tlie  wealth  and  honours  of  the  world,  while  his 
follies  could  not  obtain  pardon,  nor  his  wants  an  ho- 
nourable fupply.  His  wit  became  from  this  time  more 
gloomily  farcaftic ; and  his  converfation  and  writings 
began  to  allume  fomething  of  a tone  of  mifanthropical 
malignity,  by  which  they  had  not  been  before,  in  any 
eminent  degree,  didlnguifhed.  But  with  all  thefe  fail- 
ings, he  was  dill  that  exalted  mind  which  had  raifed 
itfelf  above  the  depreflion  of  its  original  condition : 
with  all  the  energy  of  the  lion,  pawing  to  fet  free  his 
hinder  lim.bs  from  the  yet  encumbering  earth,  he  dill 
appeared  not  lefs  than  archangel  ruined  ! 

His  morals  were  not  mended  by  his  removal  from 
the  country.  In  Dumfries  his  didipation  became  dill 
more  deeply  habitual ; he  was  here  more  expofed  than 
in  the  country  to  be  folicited  to  fhare  the  riot  of  the 
diffolute  and  the  idle  : foolidt  young  men  flocked  eager- 
ly about  him,  and  from  time  to  time  prefled  him  to 
drink  with  them,  that  they  might  enjoy  his  wicked  wit. 
The  Caledonian  Club,  too,  and  the  Dumfrieslhire  and 
Galloway  Hunt,  had  occadonal  meetings  in  Dumfries 
after  Burns  went  to  refide  there,  and  the  poet  was  of 
courfe  invited  to  fhare  their  conviviality,  and  hedtated 
not  to  accept  the  invitation. 

In  the  intervals  between  his  different  fits  of  intem- 
perance, he  fuffered  dill  the  keened  anguifh  of  remorfe, 
and  horribly  afllidfive  forefight.  His  Jane  dill  behaved 
with  a degree  of  maternal  and  conjugal  tendernefs  and 
prudence,  which  made  him  feel  more  bitterly  the  evil  of 
his  mifcondinff,  although  they  could  not  reclaim  him. 
At  lad  crippled,  emaciated,  having  the  very  power  of 
animation  waited  by  difeafe,  quite  broken-hearted  by 
the  fenfe  of  his  errors,  and  of  the  hopelefs  miferies  in 
which  he  faw  himfelf  and  his  family  deprefled  ; with 
his  foul  dill  tremblingly  alive  to  the  fenfe  offliame,  and 
to  the  love  of  virtue  ; yet  even  in  the  lad  feeblenefs, 
and  amid  the  lad  agonies  of  expiring  life,  yielding  rea- 
dily to  any  temptation  that  offered  the  femblance  of  in- 
temperate enjoyment,  he  died  at  Dumfries,  in  the  dim- 
mer of  1796,  while  he  was  yet  three  or  four  years  un- 
der the  age  of  forty,  furnilhing  a melancholy  proof  of 
the  danger  of fuddenly  elevating  even  the  greateft  mind 
above  its  original  level. 

After  his  death  it  quickly  appeared  that  his  fallings 
had  not  effaced  from  the  minds  of  his  more  refpe<flable 
acquaintance  either  the  regard  which  had  once  been 
won  by  his  focial  qualities,  or  the  reverence  due  to  his 
intellectual  talents.  The  circumdances  of  want  in  which 
he  left  Ills  family  were  noticed  by  the  gentlemen  of 
Dumfries  with  earned  commiferation.  His  funeral  was 
celebrated  by  the  care  of  his  friends  with  a decent  fo- 
lemnity,  and  with  a numerous  attendance  of  mourners. 


fufficiently  honourable  to  his  memory.  Several  copies  Burns  ^ ■ 
of  verfes  were  inferted  in  different  newfpapers  upon  the  II  I ] 
occafion  of  his  death.  A contribution,  by  fubfcription,  i , 

was  propofed,  for  the  purpofe  of  raiding  a fmall  fund,  '' 

for  the  decent  fupport  of  his  widow,  and  the  education 
of  his  infant  children. 

From  the  preceding  detail  of  the  particulars  of  this 
poet’s  life,  the  reader  will  naturally  and  judly  infer  him 
to  have  been  an  honed,  proud,  warm-hearted  man  ; of 
high  paffions  and  found  underdandlng,  and  a vigorous 
and  excurfive  imagination.  He  was  never  known  to 
defcend  to  any  aff  of  deliberate  meannefs.  In  Dum- 
fries he  retained  many  refpedable  friends  even  to  the 
lad;  and  it  may  be  doubted  whether  any  poet  of  the 
prefent  age  has  exercifed  a greater  power  over  the 
minds  of  his  readers.  Burns  has  not  failed  to  command 
one  remarkable  fort  of  homage,  fuch  as  is  never  paid 
but  to  great  original  genius  ; a crowd  of  poetaders 
darted  up  to  imitate  him,  by  writing  verfes  as  he  had 
done  in  the  Scottifti  dialed  ; but,  0 imitatores  ! fervum 
pecus ! To  write  rugged  rhymes,  in  antiquated  phrafe, 
is  not  to  imitate  the  poetry  of  Burns. 

BURRAMPOOTER.  See  Sandpu,  Encycl. 

BUSHWICK,  a fmall,  but  pleafant  town.  In 
King’s  CO.  Long  Ifland,  New-York.  The  inhabitants, 

540  in  number,  are  chiefly  of  Dutch  extradion  ; 99  of 
thefe  are  eledors. — Morse. 

BUTTER  is  a fubdance  fo  well  known,  that  it  Is 
needlefs  to  give  here  any  definition  of  it.  It  is  one  of 
the  three  component  parts  of  milk,  the  other  two  being 
‘ivhey  and  cheefe.  It  is  evident  from  the  procefles  by 
w'hich  butter  and  cheefe  are  made,  that  thefe  two  parts 
are  not  completely  dilTolved  in  the  ferum  or  whey,  but 
only  diffufed  through  it  like  an  emulfion.  They  may 
indeed  be  feparated  from  it  by  red  alone,  without  any 
artificial  preparation. 

Butter,  though  ufed  at  prefent  as  food  In  mod  coun- 
tries of  Europe,  was  not  known,  or  known  very  im- 
perfedly,  to  the  ancients.  This,  we  think.  Is  com- 
pletely proved  by  ProfeflTor  Beckmann  in  the  fecond  vo- 
lume ot  his  Hiflory  of  Inventions.  In  our  tranflatlon  of 
the  Hebrew  Scripture,  there  is  indeed  frequent  mention 
made  of  butter  at  very  early  periods ; but,  as  the  Pro- 
feflbr  well  obferves,  the  greated  maders  of  biblical  cri- 
ticifm  unanimoufly  agree,  that  the  word  fo  tranflated 
fignifies  milk  or  cream,  or  four  thick  milk,  and  cannot 
pofllbly  mean  what  we  call  butter.  The  word  plainly 
alludes  to  fomething  liquid  which  was  ufed  for  wafhino- 
the  feet,  which  was  drunk,  and  w'hich  had  fometimes 
the  power  of  intoxicating  ; and  we  know  that  mare’s 
milk  may  be  fo  prepared  as  to  produce  the  fame  effecd. 

See  Koumiss,  Encycl. 

The  olded  mention  of  butter,  the  Profeflor  thinks.  Is 
In  the  account  of  the  Scythians  given  by  Plerodotus 
(lib.  iv.  2.),  who  fays,  that  “thefe  people  pour  the 
milk  of  their  mares  into  wooden  veffels,  caufe  it  to  be 
violently  dirred  or  fliaken  by  their  blind  flaves,  and  fe- 
parate  the  part  which  arifes  to  the  furface,  as  they  con- 
fider  it  as  more  valuable  and  delicious  than  what  is  col- 
lefled  below  it.”  That  this  fubdance  mud  have  been  a 
foft  kind  of  butter,  is  well  known;  and  Hippocrates 
gives  a fimilar  account  of  Scythian  butter,  and  calls  it 
■;r;;(6p/ov,  which  Gakn  tranflates  by  the  word  ^ovrvpt. 

The  poet  Anaxandrides,  who  lived  foon  after  Hippocra- 
tes, defcribing  the  marriage  fead  of  Iphicrates,  who 
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Sutter,  married  the  daughter  of  Cotys  king  of  Thrace,  fays, 
that  the  Thracians  ate  butter,  which  the  Greeks  at  that 
lime  confidered  as  a wonderful  kind  of  food. 

Diofeorides  fays,  that  good  butter  was  prepared  from 
the  fatteft  milk,  fuch  as  that  of  fheep  or  goats,  by  flia- 
king  it  in  a velfel  till  the  fat  was  feparated.  To  this 
butter  he  aicribes  the  fame  effefls,  when  ufed  externally, 
as  thofe  produced  by  our  butter  at  prefent.  He  adds 
aifo,  and  he  is  the  firft  writer  who  makes  the  obferva- 
tion,  that  frefh  butler  might  be  melted  and  poured  over 
pulle  and  vegetables  inftead  of  oil,  and  that  it  might  be 
employed  in  pallry  in  the  room  of  other  fat  fubftances. 
A kind  of  foot  likewife  was  at  that  time  prepared  from 
butter  for  external  applications,  which  was  ufed  in  cu- 
ring inflammation  of  the  eyes  and  other  diforders.  For 
this  purpofe  the  butter  was  put  into  a lamp,  and  when 
confumed  the  lamp  was  again  filled  till  the  defired  quan- 
tity of  foot  was  colledted  in  a velTel  placed  over  it. 

Galen,  who  diflinguiflies  and  confirms  in  a more  ac- 
curate manner  the  healing  virtues  of  butter,  exprefsly 
remarks,  that  cow’s  milk  produces  the  fatteft  butter  ; 
that  butter  made  from  ftieep’s  or  goat’s  milk  is  lefs 
rich  ; and  that  afs’s  milk  yields  the  pooreft.  He  ex- 
prefles  his  aftonilhment,  therefore,  that  Diofeorides 
fh®uld  fay  that  butter  was  made  from  the  milk  of  ftieep 
and  goats.  He  alfures  us  that  he  had  feen  it  made  from 
cow’s  milk,  and  that  he  believes  it  had  thence  acquired 
its  name.  “ Butter  (fays  he)  may  be  very  properly 
employed  for  ointments;  and  when  leather  is  befmeared 
with  it,  the  fame  purpofe  is  anfwered  as  when  it  is  rub- 
bed over  with  oil.  In  cold  countries,  which  do  not 
produce  oil,  butter  is  ufed  in  the  baths  ; and  that  it  is 
a real  fat,  may  be  readily  perceived  by  its  catching  fire 
when  poured  over  burning  coals.”  What  has  been  here 
faid  is  fufficient  to  (hew  that  butter  muft  have  been  ve- 
ry little  known  to  or  ufed  by  the  Greeks  and  the  Ro- 
mans in  the  time  of  Galen,  that  is,  at  the  end  of  the 
fecond  century. 

The  Profeli’or  having  colle<51ed,  in  chronological  or- 
der, every  thing  which  he  could  find  in  the  works  of 
the  ancients  refpedling  butter,  concludes,  that  it  is  not 
a Grecian,  and  much  lefs  a Roman,  invention,  but  that 
the  Greeks  were  made  acquainted  with  it  by  die  Scy- 
thians, the  Thracians,  and  the  Phrygians,  and  the  Ro- 
mans by  the  people  of  Germany.  He  is  likewife  de- 
cidedly of  opinion,  that  when  thefe  two  polifiied  nations 
had  learned  the  art  of  making  it,  they  ufed  it  not  as 
food,  but  only  as  an  ointment,  or  fometimes  as  a medi- 
cine. “ We  never  find  it  (fays  he)  mentioned  by  Ga- 
len and  others  as  a food,  though  they  havefpoken  of  it 
as  applicable  to  other  purpofes.  No  notice  is  taken  of 
it  by  Apicius  ; nor  is  there  any  thing  faid  of  it  in  that 
refpeift  by  the  authors  who  treat  on  agriculture,  though 
they  have  given  us  very  particular  information  concern- 
ing milk,  cheefe,  and  oil.” 

The  cafe,  however,  is  now  very  different.  It  is,  in 
this  country  at  lead,  fo  general  an  article  of  food,  that 
the  proper  methods  of  making  and  curing  it  have  en- 
gaged the  attention  of  fome  of  our  ableft  writers  on 
agriculture.  In  addition  to  what  has  been  faid  on  thefe 
fubjeds  under  the  titles  Butter  and  Dairy  (Ency- 
clopedia)., our  readers  will  probably  be  pleafed  with  the 
following  method  of  curing  it,  which  is  praiftifed  by 
fome  farmers  in  the  parifli  of  Udney,  in  the  county  of 
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Aberdeen,  and  gives  to  their  butter  a great  fupenority  Butter 
above  that  of  their  neighbours.  » I u 

Take  two  parts  of  the  beft  common  fait,  one  part  of 
fugar,  and  one  part  of  faltpetre ; beat  them  up  toge- 
ther, and  blend  the  whole  completely.  Take  one  ounce 
of  this  compofilion  for  every  fixteen  ounces  of  butter, 
work  it  well  into  the  mafs,  and  clofe  it  up  for  ufe. 

Dr  James  Anderfon,  from  w'hofe  View  of  the  Agri- 
culture of  the  County  of  Aberdeen  this  receipt  is  ta- 
ken, fays,  that  he  knows  of  no  fimple  improvement  in 
economics  greater  than  this  is,  when  compared  with  the 
ufual  mode  of  curing  butter  by  means  of  common  fait 
alone.  “ I have  feen  (continues  he)  the  experiment 
fairly  made,  of  one  part  of  the  butter  made  at  one  time 
being  thus  cured,  and  the  other  part  cured  with  fait 
alone  : the  difference  was  inconceivable.  I Ihould  fup- 
pofe  that.  In  any  open  market,  the  one  w^ould  fell  for 
'^o  per  cent,  more  than  the  other.  The  butter  cured 
with  the  mixture  appears  of  a rich  marrowy  confiftence 
and  fine  colour,  and  never  acquires  a brittle  hardnefs 
nor  taftes  fait ; the  other  is  comparatively  hard  and 
brittle,  approaching  more  nearly  to  the  appearance  of 
tallow,  and  is  much  falter  to  the  tafte.  I have  ate  but- 
ter cured  with  the  above  compofition  that  had  been 
kept  three  years,  and  it  was  as  fweet  as  at  firft  ; but  it 
muft  be  noted,  that  butter  thus  cured  requires  to  ftand 
three  weeks  or  a month  before  It  is  begun  to  be  ufed. 

If  it  be  fooner  opened,  the  falts  are  not  fufficiently 
blended  with  It ; and  fometimes  the  coolnefs  of  the  ni- 
tre will  then  be  perceived,  which  totally  difappears  af- 
terwards.” 

The  following  obfervations  rerpedting  the  proper  me- 
thod of  keeping  both  milk  and  butter  are  by  the  fame 
author,  and  we  truft  may  prove  ufeful.  Speaking  ftill 
of  the  county  of  Aberdeen,  he  fays,  “ The  pernicious 
pradtice  of  keeping  milk  in  leaden  velTels,  and  faking 
butter  in  ftonejars,  begins  to  gain  ground  among  fome 
of  the  fine  ladies  in  this  county,  as  well  as  elfewhere, 
from  an  idea  of  cleanllnefs.  The  fadt  is,  it  is  juft  the 
reverfe  of  cleanlinefs ; for  In  the  hands  of  a careful  per- 
fon  nothing  can  be  more  cleanly  than  wooden  dilhes, 
but  under  the  management  of  a flattern  they  difeover 
the  fecret  w'hich  ftone  diflies  indeed  do  not. 

“ In  return,  thefe  latter  communicate  to  the  batter 
and  the  milk,  W'hich  has  been  kept  in  them,  a poifon- 
ous  quality,  w'hich  inevitably  proves  deftrudllve  to  the 
human  conftitutlon.  To  the  prevalence  of  this  prac- 
tice I have  no  doubt  we  muft  attribute  the  frequency 
of  palfies,  which  begin  to  prevail  fo  much  in  this  king- 
dom ; for  the  well  known  effedl  of  the  poifon  of  lead  is 
bodily  debility,  palfy — death  !” 

BUTTE RHILL,  a high  round  hill,  on  the  W. 
bank  of  Hudfon  river,  at  the  northern  entrance  of  the 
Highlands.  In  pafling  this  hill,  afeending  the  river, 
the  paffenger  is  prefented  with  a charming  view  of  New- 
Windfor  and  Newburgh. — Morse. 

BUXTON,  a tnwnlhip  in  York  co.  diftridt  of  Maine, 
fituated  on  Saco  River ; 1 6 miles  N.  wefterly  from 
Pepperelborcugh,  at  the  mouth  of  that  river,  and  ii8 
miles  N.  E.  of  Bofton ; containing  1564  inhabitants. 

— ih. 

BYEFIELD,  a parifh  in  Newbury,  Effex  co.  Maf- 
fachufetts.  In  a quarry  of  lime  ftone  here,  is  found 
the  ajbeffos,  or  incorruptible  cotton,  as  it  is  fometimes 
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Byrd.  Called.  Beautifully  variegated  marble,  which  admits 
a good  polifh,  has  likewife  been  found  in  the  fame  vi- 
cinity. Here  is  alfo  a flouriftiing  woollen  manufaflory 
eftablifhed  on  a liberal  fcale  ; and  machinery  for  cut- 
ting nails. — ib.  ^ 

BYRD,  FORT,  lies  on  the  eaflern  bank  of  Monon- 
gahela  River ; on  the  S.  fide  of  the  mouth  of  Red- 


Stone  Creek  ; 35  miles  S.  from  Pittlburg,  and  about  Byfak,  : 
29  N.  W.  from  Ohiopyle  Falls.  On  or  near  this  fpot 
ftands  the  compadt  part  of  the  town  of  Brownfville. 

N.  lat.  39.  58.  W.  long.  81.  12. — ib, 

BYSAK,  the  nrft  month  of  the  Bengal  year,  begin- 
ning in  April. 


Cabarrus  ABARRUS,  a new  county  in  the  diftridi  of  Salif- 
II  bury,  North-Carolina. — Morse. 

Caffres.  CABIN  Point,  a fmall  poft-town  in  Surry  co.  Vir- 
ginia, fituated  on  Upper  Chipoak  creek,  26  miles  E. 
S.  E.  of  Peterlburg,  87  from  Portfmouth,  and  329  S. 
S.  W.  of  Philadelphia.  N.  lat.  37. — ih, 

CACAPEHON,  a river  of  Virginia,  which  runs 
about  70  miles  N.  eafterly  along  the  weftern  fide  of 
North  Ridge,  and  empties  into  Potowmack  River,  30 
miles  N.  from  Frederickftown.— .-/3. 

CADIZ,  a town  on  the  N.  fide  of  the  ifland  of 
Cuba,  near  160  miles  E.  of  Havannah,  and  50  N. 
from  Spiritu  Santo. — ib. 

C.1ESARIA  River,  or  Cohanjie  Creek,  in  New-Jerfey, 
empties  into  Delaware  Bay,  after  a S.  wefterly  courle 
of  about  30  miles.  It  is  navigable  for  veffels  of  100 
tons  as  far  as  Bridgetown,  20  miles  from  its  mouth. — ib, 

CAFFRES,  the  inhabitants  of  Caffraria,  are  gene- 
rally confounded  wdth  the  Hottentots ; but,  according 
to  M.  Vaillant,  there  is  a eonfiderable  difference  be- 
tween the  manners,  culloms,  and  even  appearance  of 
thefe  two  nations. 

The  Caffres,  fays  he,  are  generally  taller  than  the 
Hottentots,  more  robuft,  more  fierce,  and  much  bolder. 
Their  figure  is  likewife  more  agreeable,  and  their  coun- 
tenances have  not  that  narrownefs  at  the  bottom,  nor 
their  cheeks  ihofe  prominences,  which  are  fo  difagree- 
able  among  the  Hottentots.  A round  figure,  a nofe 
not  too  flat,  a broad  forehead,  and  large  eyes,  give 
them  an  open  and  lively  air ; and  if  prejudice  can  over- 
look the  colour  of  the  fkin,  there  are  lome  Caffre  wo- 
men who,  even  in  Europe,  would  be  accounted  pretty. 
Thefe  people  do  not  make  their  laces  ridiculous,  by  pul- 
ling out  their  eye-brows  like  the  Hottentots ; they  tat- 
too themfelves  much,  and  particularly  their  bodies  ; 
their  hair,  which  is  frizzled  very  much,  is  never  greafed, 
but  their  bodies  are  liberally  anointed,  merely  with  a 
view  to  preferve  their  vigour  and  agility. 

The  men  generally  bellow  more  attention  on  their 
drefs  than  the  women,  and  ai  e remarkably  fond  of  beads 
and  copper  rings.  The  women  wear  hardly  any  of  the 
ornaments  in  which  the  other  favages  in  Africa  take 
fuch  delip-ht.  They  do  not  even  w'ear  copper  brace- 
lets ; but  "their  fmall  aprons,  which  are  Hill  Ihorter  than 
thofe  of  the  Hottentots,  are  bordered  with  a few  rows 
of  glafs-beads ; and  in  this  all  tlieir  luxury  confifts.  It 


would  appear  that  the  Caffres  are  not  fo  chafte  as  the  Caffrej. 
Hottentots,  becaufe  the  men  do  not  ufe  a jackal  to  vail 
what  nature  teaches  other  men,  even  favages,  to  con- 
ceal. A fmall  cow’l,  which  covers  only  the  glans,  in- 
ftead  of  difplaying  modefly-,  feems  to  announce  the 
greateft  indecency.  This  fmall  covering  adheres  to  a 
thong,  which  is  faftened  round  their  girdles,  merely 
that  it  may  not  be  loft;  for  a Caffre,  if  he  be  not  afraid 
of  being  hurt  or  ftung  by  infe<51s,  cares  very  little  whe- 
ther his  cowl  be  in  its  place  or  not.  Our  author  faw 
one  Caffre,  who,  inftead  of  a cowl,  wore  a cafe  made  of 
wood,  and  ornamented  with  fculpture.  This  was  a 
new  and  ridiculous  falhion,  which  he  had  borrowed 
from  a nation  of  black  people  who  lived  at  a great  dif- 
tance  from  Caffraria. 

In  the  hot  feafon  the  Caffres  go  always  naked,  and 
retain  nothing  but  their  ornaments.  In  cold  weather 
they  wear  krolfes  made  of  calves  or  oxen’s  hides,  which 
reach  down  to  the  ground  ; but  whatever  the  weather 
be,  both  fexes  go  bare-headed,  except  that  they  fome- 
times,  though  rarely,  fix  a plume  of  feathers  in  their 
hair. 

The  Caffre  huts  are  more  fpacious  and  higher  than 
thofe  of  the  Hottentots,  and  have  alfo  a more  regular 
form.  The  frames  of  them  are  conftruifted  of  wooden 
work,  well  put  together,  and  very  folid,  being  intend- 
ed to  laft  for  a long  time  : for  the  Caffres,  applying  to 
agriculture,  w'hich  the  free  Hottentots  do  not,  remain 
fixed  to  one  fpet,  unlefs  fomething  unexpeded  inter- 
rupt their  repofe. 

A more  perceptible  induftry,  an  acquaintance  with 
fome  of  the  moft  neceffary  arts  of  life,  a little  know- 
ledge of  agriculture,  and  a few  religious  dogmas,  feem 
to  announce  that  the  Caffres  approach  much  nearer  to 
civilization  than  the  Hottentots.  They  entertain  a to- 
lerably exalted  idea  of  the  Supreme  Being  and  his 
power ; they  believe  that  the  good  will  be  rew'arded, 
and  the  wicked  punifired,  in  a future  ftate  ; but  they 
have  no  notion  of  creation,  which  indeed  was  not  ad- 
mitted by  the  fages  of  Greece  and  Rome.  They  prac- 
tife  circumcifion,  but  can  give  no  account  of  its  origin 
among  them,  or  of  the  purpofe  for  which  the  pradice 
is  continued. 

Polygamy  is  ufed  among  the  Caffres ; and  on  the 
death  of  a father  the  male  children  and  their  mothers 
fhare  the  fucceffion  among  them.  The  girls  remain 

with 
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. with  their  mothers  without  property  of  any  kind  until 

;ji  II  they  can  procure  hufbands.  One  very  fingular  cuftom 
CalFres  is,  that  they  do  not,  in  general,  inter 
||  their  dead,  but  tranfport  them  from  the  kraal  to  an 

open  ditch,  which  is  common  to  the  whole  horde.  At 
»[  this  ditch  favage  animals  feed  at  their  leifi-ire  on  the 

multitude  of  carcafes  v/hich  are  heaped  together.  Fu- 
neral honours  are  due  only  to  kings  and  the  chiefs  of 

Ieach  horde,  whofe  bodies  are  covered  with  a heap  of 
ftones  collefted  into  the  form  of  a dome. 

This  nation  is  governed  by  a general,  chief,  or  king, 
whole  power  is  very  limited.  He  appoints,  however, 
the  fubordinate  chiefs  over  the  different  hordes,  and 
through  tliem  communicates  his  directions  or  orders. 
The  arms  of  the  Caffre  are  a club,  two  feet  and  a half  in 
length,  and  where  thickeft  three  inches  in  diameter,  and 
a plain  lance  or  ajfagey.  He  defpifes  poifoned  arrows, 
which  are  fo  much  ufed  by  fome  of  the  neighbouring 
nations ; and  with  his  two  fimple  weapons  feeks  always 
to  meet  his  enemy  face  to  face  in  the  field.  The  Hot- 
! tentot,  on  the  contrary,  concealed  under  a rock  or  be- 

hind a bufh,  deals  out  deftru(ftion,  without  being  ex- 
! , pofed  to  danger.  The  one  is  a perfidious  tyger,  which 

I rufhes  treacheroufiy  on  his  prey ; the  other  is  a gener- 

ous lion,  which,  having  given  warning  of  his  approach, 

^ makes  his  attack  boldly,  and  perifhes  if  he  prevail  not 

againft  his  antagonift. 

CAGHNEWAGA,  a tribe  of  Indians  in  Lower 
Canada,  fome  of  whom  inhabit  near  Montreal. — Morse. 
i CALCAYLARES,  a jurifdidlion  in  S.  America, 

and  empire  of  Peru,  fubjedt  to  the  blfhop  of  Cufco, 
i about  4 leagues  W.  of  that  city ; exuberant  in  all  kinds 

! of  grain  and  fruits,  and  fugar  equal  to  any  of  the  re- 

j fined  fugar  of  Europe.  Formerly  it  produced  80,000 

\ arobas  ; but  the  quantity  is  now  faid  to  be  much  lefs, 

I — ib. 

I CALCULUS,  in  mathematics,  denotes  a certain 

1 way  of  performing  inveftigations  and  refolutions,  which 

I occur  on  many  occafions,  p.articularly  in  mechanical  phi- 

j lofophy.  Thus  we  fay,  the  antecedental  calculus,  the 

! algebraical  c&\cm\\xs,  (he  arithmetical  calculus,  the  diffe- 

i rential  calculus,  the  exponesitial  calculus,  the  jluxional 

i calculus,  and  the  integral  calculus.  Of  by  much  the 

greater  part  of  thefe  calculi  fome  account  has  been  given 
[ in  the  Encyclopsedia ; but  there  is  one  of  them,  of 

!]  which  no  notice  has  been  taken  in  that  work.  It  is, 

I The  Aidecedental  Calculus,  a geometrical  method  of 

5}^  reafening,  without  any  confideration  of  motion  or  ve- 
il^ I locity,  applicable  to  every  purpofe  to  which  the  much 

„ ; celebrated  dcdlrine  of  fluxions  of  the  illuftrious  Newton 

has  been,  or  can  be,  applied.  This  method  was  in- 
• : vented  by  James  Glenie,  Efq ; in  which  (he  fays) 

i every  expreflion  is  truly  and  ftridtly  geometrical,  is 

founded  on  principles  frequently  made  ufe  of  by  the 
’ ancient  geometers,  principles  admitted  into  the  very  firfl; 

■ ? elements  of  geometry,  and  repeatedly  ufed  by  Euclid 

I himfelf.  As  it  is  a branch  of  general  geometrical  pro- 

i-  portion,  or  univerfal  comparifon,  and  is  derived  from  an 

examination  of  the  antecedents  of  ratios,  having  given 
confequents  and  a given  ftandard  of  comparifon  in  the 
ij  j various  degrees  of  augmentation  and  diminution  they 

undergo  by  compoiiiion  and  decompofiiion,  I have 
called  it  the  antecedental  calculus.  As  it  is  puiely 
geometrical,  and  perfedly  feientific,  I have,  fince  it 
firfl;  occuried  to  me  in  1779,  always  made  ufe  of  it 


inftead  of  the  fluxionary  and  differential  calculi,  which 
are  merely  arithmetical.  Its  principles  are  totally  un- 
conneded  with  the  Ideas  of  motion  and  time,  which, 
flridlly  freaking,  are  foreign  to  pure  geometry  and  ab- 
ftradt  fcience,  though,  in  mixed  mathematics  and  natural 
philofophy,  they  are  equally  applicable  to  every  invefti- 
gation,  involving  the  confideration  of  either  with  the 
two  numerical  methods  juft  mentioned.  And  as  many 
fuch  inveftigations  require  compofitions  and  decompofi- 
tions  of  ratios,  extending  greatly  beyond  the  triplicate 
and  fubtri plicate,  this  calculus  in  all  of  them  furnifhes 
every  expreflion  in  a ftridly  geometrical  form.  The 
ftandards  of  comparifon  in  it  may  be  any  magnitudes 
whatever,  and  are  of  courfe  indefinite  and  innumerable  ; 
and  the  confequents  of  the  ratios,  compounded  or  de- 
compounded, may  be  either  equal  or  unequal,  homoge- 
neous or  heterogeneous.  In  the  fluxionary  and  diffe- 
rential methods,  on  the  other  hand,  i,  or  unit,  is  not 
only  the  ftandard  of  comparifon,  but  alfo  the  confequent 
of  every  ratio  compounded  or  decompounded.” 

This  method  is  deduced  immediately  from  Mr  Gle- 
nle’s  Treatife  on  the  Doctrine  of  Univerfal  Comparifon 
or  General  Proportion  : And  as  the  limits  of  the  pre- 
fent  work  wall  not  allow  us  to  enter  upon  this  fubjeift, 
we  therefore  refer  our  readers  to  the  two  above  men- 
tioned treatifes,  and  to  the  fourth  volume  of  the  Tranf- 
aiflions  of  the  Royal  Society  of  Edinburgh. 

We  cenfefs,  however,  that  we  do  not  expefl  fuch 
great  advantage  from  the  employment  of  this  calculus 
as  the  very  acute  and  ingenious  author  feems  to  promife 
from  it.  The  mathematical  world  is  truly  indebted  to 
him  for  the  clear  and  diferiminating  view  that  he  has 
taken  of  the  doArIne  of  univerfal  comparifon,  and  we 
believe  it  to  be  perfedtly  accurate,  and  in  fome  refpedls 
new.  Notwithftanding  the  continual  occupation  of 
mathematicians  with  ratios  and  analogies,  their  particu- 
lar objeds  commonly  reftrided  their  manner  of  conceiv- 
ing ratio  to  fome  prefent  modification  of  it.  Hence  it 
feems  to  have  happened  that  their  conceptions  of  it  as 
a magnitude  have  not  been  uniform.  But  Mr  Glenie, 
by  avoiding  every  peculiarity,  has  at  once  attributed  to 
it  all  the  meafurable  affedions  of  magnitude,  addition 
or  fubtradion,  multiplication  or  divifion,  and  ratio  or 
proportion.  He  is  perhaps  the  firft  who  has  roundly 
confidered  ratio  or  proportion  as  an  affedlon  of  ratio ; 
and  it  is  chiefly  by  the  employment  of  this  undoubted 
affedion  of  ratio  that  he  has  rendered  the  geometrical 
analyfis  fo  comprehenfive. 

But  when  we  view  this  antecedental  calculus,  not  as 
a method  of  expreffing  mathematical  fcience,  but  as  an 
art,  as  a calculus  in  ftiort,  and  confider  the  means  which 
It  muft  employ,  and  the  notations  which  mull  be  ufed, 
we  become  lefs  fanguine  in  our  hopes  of  advantage  from 
it.  The  notation  cannot  (we  think)  be  more  fimple 
than  that  of  the  fluxionary  method,  juftly  called  arith- 
metical; and  if  we  infift  on  carrying  clear  conceptions 
along  with  us,  we  imagine  that  the  arithmetical  expofi- 
tion  of  our  fymbols  will  generally  be  the  funpler  of  the 
two.  The  fcience  of  the  antecedental  calculus  feems  to 
confift  in  the  attainable  perception  of  all  the  fimple  ra- 
tios, whether  of  magnitudes,  or  ratios,  or  both,  which 
concur  to  the  formation  of  a compound  and  complicat- 
ed ratio.  Now  this  is  equally,  and  more  ealily,  attain- 
able in  the  fluxionary  or  other  arithmetical  method, 
when  the  confequent  is  a fimple  magnitude.  When  It  is 
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not,  the  fame  procefs  is  farther  neceflary  in  both  me- 
thods, for  getting  rid  of  its  complication. 

We  apprehend  that  it  is  a miftake  that  the  geome- 
trical method  is  more  abftradled  than  the  fluxionary, 
becaufe  the  latter  fuperadds  to  the  notion  of  extenfion 
the  notions  of  time  and  motion.  Thefe  notions  were 
introduced  by  the  illuftrious  inventor  for  the  demonjira- 
tlon,  but  never  occupy  the  thoughts  in  the  ufe  of  his 
propofitions.  Thefe  are  geometrical  truths,  no  matter 
how  demonftrated  ; and  when  duly  confidered,  involve 
nothing  that  is  omitted  in  the  antecedental  calculus. 
We  even  prefume  to  fay,  that  the  complication  of 
thought,  in  the  contemplation  of  the  ratios  of  ratios, 
is  greater  than  what  will  generally  arife  from  the  addi- 
tional elements,  time  and  motion. 

We  do  not  find  that  any  of  our  moft  aflive  mathe- 
maticians have  availed  themfelves  of  the  advantages  of 
this  calculus,  nor  do  w’e  know  any  fpecimen  that  has 
been  exhibited  of  its  eminent  advantages  in  mathemati- 
cal difeuflions.  Should  it  prove  more  fertile  in  geome- 
trical exprelTions  of  highly  compounded  or  complicated 
quantities  or  relations,  we  fliould  think  it  a mighty  ac- 
quifition  ; being  fully  convinced  that  thefe  afford  to  the 
memory  or  imagination  an  objedl  (we  may  call  it  a fen- 
fible  pidure)  which  it  can  contemplate  and  remember 
w'ith  incomparably  greater  clearnefs  and  fteadinefs  than 
any  algebraical  formula.  We  need  only  appeal  to  the 
geometrical  exprefTions  of  many  fluents,  which  are  to 
be  feen  in  Newton’s  lunar  theory,  in  the  phyfleal  trads 
of  Dr  Matthew  Stewart,  and  others  who  have  fliewn  a 
partiality  for  this  method. 

It  would  be  very  prefumptuous,  however,  for  us  to 
fay,  that  the  accurate  geometer  and  metaphylician  may 
not  derive  great  advantages  from  profecuting  the  very 
ingenious  and  recondite  fpeculations  of  Mr  Glenie,  in 
his  dodrine  of  univerfal  comparifon. 

CALEDONIA  Co.  in  Vermont,  contains  24  town- 
fliips  and  has  Connedicut  river  S.  E.;  Orleans  and 
Chittenden  counties  N.  W. ; Effex  co.  N.  E. ; and 
Orange  CO.  of  which,  until  lately,  it  formed  a part,  S. 
W. — Morse. 

Caledonia,  a port  on  the  ifthmns  of  Darien,  in  the 
N.  Sea,  25  leagues  N.  W.  from  the  river  Atrato.  It 
was  attempted  to  be  eflabliflied  by  the  Scotch  nation  in 
1698,  and  had  at  firfl:  all  the  promifing  appearances 
of  fuccefs  ; but  the  Englifn,  influenced  by  narrow  na- 
tional prejudices,  put  every  impediment  in  their  way; 
which,  joined  to  the  unhealthinefs  of  the  climate,  de- 
ftroyed  the  infant  colony. — lb. 

CALENDAR,  in  chronology.  See  (Encycl.)  Ka- 
LENDAR  ; and  Revolution,  n°  184. 

CALI,  a city  of  New  Granada,  S.  America,  fitu- 
ated  on  the  river  Cauca.  The  flaple  port  for  this  city, 
as  alfo  for  thofe  of  Popayan,  Santa  Fe,  and  the  fouth- 
ern  parts  of  Terra  Firma,  is  Bonaventura  in  the  dif- 
trid  of  Popayan.  The  road  by  land  from  that  port  is 
not  palfable  for  beads  of  burden  ; fo  that  travellers, 
v/ith  their  baggage,  are  carried  on  the  backs  of  Indians 
in  a chair,  with  which  weight  they  crofs  rivers  and 
mountains,  being  entirely  flaves  to  the  Spaniards,  who 
thus  fubditute  them  in  the  room  of  horfes  and  mules. 
N.  lat.  3.  15.  W.  long.  76.  30. — Morse. 

CALIPPIC  PERIOD,  in  chronology,  a period  of  76 
years,  continually  recurring ; at  every  repetition  of 
which,  it  was  fuppofed  by  its  inventor  Calippus,  an 


Athenian  adronomer,  that  the  mean  new  and  full  Callao, 
moons  would  always  return  to  the  fame  day  and  hour. 

About  a century  before,  the  golden  number,  or  cy- 
cle of  19  years,  had  been  invented  by  Melon  ; which 
Calippus  finding  to  contain  19  of  Nabonadar’s  year, 

4 days,  and  to  avoid  fradions  he  quadrupled  it, 
and  fo  produced  his  period  of  76  years,  or  4 times  19  ; 
after  which  he  fuppofed  all  the  lunations.  See.  w’ould  re- 
gularly return  to  the  fame  hour.  But  neither  is  this 
exad,  as  it  brings  them  too  late  by  a whole  day  in  225 
years. 

CALLAO,  as  it  is  called  by  its  inhabitants,  but 
more  generally  known  to  Europeans  under  the  name  of 
Campello,  is  a fraall  ifland,  which  was  vifited  by  feme 
of  Lord  Macartney’s  fuite  on  their  voyage  to  China. 

In  confequence  of  that  vifit,  we  have  the  following  de- 
feription  of  it  in  Sir  George  Staunton’s  Account  of 
the  Embafly. 

“ It  lies  oppofite  to,  and  about  eight  miles  to  the 
eaftward  of,  the  mouth  of  a confiderable  river  on  the 
coaft  of  Cochin-china,  on  the  banks  of  which  is  fituated 
the  town  of  Fai-foo,  a place  of  fome  note,  not  far  from 
the  harbour  of  Turon.  The  bearing  of  the  highell 
peak  of  Callao  from  this  harbour  is  about  fouth-eaft, 
diftance  thirty  miles.  The  extreme  points  of  the  ifland 
lie  in  latitude  15®  53',  and  15°  57^  north  ; the  greateft 
length  is  from  north-weft  to  fouth-eaft,  and  is  fomewhat 
about  five  miles,  and  the  mean  breadth  two  miles.  The 
only  inhabited  part  is  on  the  fouth  weft  coaft,  on  a flip 
of  ground  lifing  gently  to  the  eaft,  and  contained  be- 
tween the  bottom  of  a femilunar  bay  and  the  mountains 
on  each  fide  of  it.  Thofe  mountains,  at  a diftance,  ap- 
pear as  if  they  formed  two  diftind;  iflands.  The  fouth- 
ern  mountain  is  the  higheft,  and  is  about  1500  feet. 

The  lower  grounds  contain  about  200  acres.  This 
fmall  but  enchanting  fpot  is  beautifully  diverfified  with 
neat  houfes,  temples,  clumps  of  trees,  fmall  hillocks 
fwelling  from  the  p’ain,  and  richly  decorated  with 
fhrubbery  and  trees  of  various  kinds ; among  which 
the  elegant  areca,  rifing  like  a Corinthian  column, 
is  eminently  confpicuous.  A rill  of  clear  water, 
oozing  from  the  mountains,  is  contrived  to  be  carried 
along  the  upper  ridges  of  the  vale,  from  w'hence  it  is 
occafionally  conveyed  through  fluices,  for  the  purpofe  of 
watering  the  rice  grounds,  and  appeared,  though  then 
in  the  dry  feafon,  fully  fufficient  for  every  purpofe  for 
which  it  could  be  wanted. 

“ The  houfes,  in  general,  were  clean  and  decent ; a 
few  were  built  wath  ftone,  and  covered  with  tiles.  One, 
probably  the  manfion  of  the  chief  perfon  of  the  ifland, 
was  inclofed  by  a ftone  wall,  and  the  approach  to  it 
w'as  through  a gatew'ay  between  two  ftone  pillars.  The 
houfe  w^as  divided  into  a number  of  apartments,  of 
which  the  arrangement  did  not  feem  to  want  either 
tafte  or  convenience.  This  building  ftood  at  the  head 
of  the  principal  village,  which  confifted  of  about  thirty 
habitations  built  of  wood,  chiefly  the  bamboo.  Behind 
the  village,  and  on  the  fide  of  the  hill,  was  a cave,  ac- 
ceflTible  only  by  one  way,  through  an  irregular  range  of 
rocks.  Within  the  cave,  but  near  its  month,  was  a 
fmall  temple,  commanding  a view  of  the  whole  vale. 

Several  other  temples  were  dilpei  led  over  the  plain,  ail 
of  which  w'ere  open  in  front,  with  a colonnade  before 
them  of  round  wooden  pillars,  painted  red  and  varnilh- 
ed.  The  number  of  houfes  on  the  ifland  fcarcely  ex- 
ceeded 
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Callao,  ceedcd  fixty.  Behind  every  houfe,  not  immediately  in 
the  principal  village,  were  inclofures  of  fugar-canes,  to- 
bacco, and  other  vegetables,  growing  in  great  luxu- 
riance. The  mountains  were  covered  with  verdure, 
and  feemed  well  calculated  for  rearing  goats,  of  which 
the  ifland  produced  a few. 

“ Befide  the  principal  bay,  there  were  feveral  fandy 
inlets,  with  fmall  patches  of  level  ground  behind  them. 
Boats  might  eafily  land  in  any  of  thefe  inlets ; but  a 
communication  between  them  by  land  appeared  to  be 
exceedingly  difficult,  if  not  entirely  prevented,  by  the 
fteep  and  rugged  rid^res  which  feparated  them  from  each 
other.  On  this  account  very  flight  works,  and  an 
eftabliflimenf'of  a few  men  only,  would  be  requifite  for 
the  defence  of  the  ifland,  a great  part  of  its  coafl  being 
impregnably  fortified  by  nature.  The  depth  of  water 
in  the  bay  and  road  was  fuffiicient  for  fhips  of  any  bur- 
den, and  there  was  perfeft  fhelter  from  every  wind  ex- 
cept the  fouth-weft,  to  which  quarter  it  was  directly 
open.  The  fhort  diftance  however,  from  the  conti- 
nent in  that  diredtion  would  always  prevent  the  fea  from 
rifing  high,  though  it  might  not  be  fufficiently  near  to 
break  the  force  of  the  wind.” 

The  inhabitants  of  this  ifland  are  fo  exceedingly  fliy 
and  afraid  of  ftrangers,  that  upon  the  approach  of  the 
Englifh  veffel,  they  all,  except  a very  few,  retired  on 
board  their  galleys.  When  the  Britifh  landed,  therefore, 
they  found  the  doors  of  all  thehoufes  open,  with  feveral 
domeflic  animals  feeding  before  them,  but  neither  man, 
woman,  nor  child  within.  After  fome  time,  however, 
a perfon  was  perceived  lurking  among  the  neighbour- 
ing trees,  who,  finding  he  was  obferved,  came  forward 
with  reludtance  and  evident  marks  of  fear.  While  he 
was  yet  at  fome  diftance,  he  fell  upon  his  knees,  and 
touched  the  ground  with  his  forehead  feveral  times.  On 
approaching  to  him,  it  was  noticed  that  the  firft  joint 
of  every  one  of  his  fingers  and  toes  was  wanting,  and 
as  if  twifted  off  by  violence ; it  was  poflible  that  he 
might  have  thus  been  treated  by  way  of  punifliment  for 
fome  crime,  and  that  he  was  confidered  as  the  fitteft 
perfon  to  be  expofed  to  the  fuppofed  danger  of  watch- 
ing the  movements  of  the  ftrangers  coming  afiiore.  In 
a little  time  fome  others,  hidden  in  the  thickets,  find- 
ing that  no  mifchief  was  fuffered  by  the  firft,  ventured 
out.  None  of  them  could  underftand  the  Chinefe  inter- 
preter ; and  not  being  able  to  read  or  write,  there  was 
no  converling  with  them  by  the  medium  of  tlie  Chinefe 
charadlers.  Recourfe  was  had  to  hieroglyphics,  and 
rude  figures  were  drawn  of  the  articles  which  were  pro- 
pofed  to  be  purchafed  ; and  this  method  fucceeded  to- 
lerably well ; poultry  and  fruits  were  brought  for  fale, 
for  which  high  prices  were  given,  purpofely  to  conci- 
liate the  good  will  of  thofe  iflanders.  The  few  that 
were  found  grew  foon  familiar  ; and  one  old  man  pref- 
fingly  invited  the  ftrangers  to  his  houfe,  fituated  upon 
an  eminence,  at  a little  diftance.  On  arriving  there, 
lie  introduced  them  to  his  wife,  an  old  woman,  who, 
after  recovering  from  her  aftonilhment  at  the  fight  of 
figures  fo  different  from  thofe  (lie  had  ever  been  accuf- 
tomed  to  behold,  laid,  in  a neat  manner,  before  them 
fome  fruits,  fugar,  cakes,  and  water.  On  departing 
f rom  the  houfe,  this  decent  and  hofpitable  couple  made 
figns  to  teftify  their  delire  of  feeing  them  again.” 

The  poffcfllon  of  this  ifland  w’ould  be  of  fuch  im- 
portance to  any  European  nation  who  wiflied  to  trade 


fecurely  with  Tung  q^in  and  Cochin-china,  that  it  Is  Callao 
faid  the  French  had  formerly  fome  thoughts  of  purcha-  II. 
fing  it.  Sir  George  Staunton,  however,  is  of  opinion, 
that  the  want  of  flielter  in  the  fouth-w'eft  monfoon 
would  render  it  of  little  value,  without  a further  fettle- 
ment  near  it  upon  the  main  land  of  Cochin-china ; and 
he  thinks,  that  if  a folid  eftablifliment  there  could  be 
produffive  of  advantage  to  any  European  nation,  it 
would  neceffarily  be  fo  to  Great  Britain  ; becaufe,  be- 
fide the  opening  which  it  would  make  for  the  fale  of 
Britifh  manufaff  ures  among  the  people  of  the  country, 
the  Britifh  poffelfions  In  Hindoftaii  would  be  fare  of  a 
very  confideiable  demand  for  their  produflions. 

CALLAO,  a fea-port  tov/n  in  the  empire  of  Peru, 
being  the  port  or  harbor  of  Lima,  and  is  fituated  2 
leagues  from  that  city.  On  the  N.  fide  runs  the  river 
which  wateis  Lima,  on  which  fide  is  a fmall  fuburb 
built  only  of  reeds.  There  is  another  on  the  S.  fide  ; 
they  are  both  called  Pitipifti,  and  inhabited  by  Indians. 

To  the  E.  are  extenfive  plains,  adorned  with  beautiful 
orchards  watered  by  canals  cut  from  the  river.  The 
town,  which  is  built  on  a low  flat  point  of  land,  was 
ftrongly  fortified  in  the  reign  of  Philip  IV.  ; and  nu- 
merous batteries  command  the  port  and  road,  wdiich 
Is  the  greateft,  fineft,  and  fafeft  in  all  the  South  Sea. 

There  is  anchorage  every  w'here  in  very  deep  water, 
without  danger  of  rocks  or  Ihoals,  except  one,  which 
Is  3 cables-length  from  the  fliore,  about  the  middle  of 
the  ifland  of  St  Lawrence,  oppofite  La  Galatea.  The 
little  ifland  of  Callao  lies  juft  before  the  town.  In  the 
opening  between  thefe  two  iflands,  there  are  two  fmall 
iflols,  or  rather  rocks  ; there  is  alfo  a third  very  low, 
but  half  a league  out  at  fea,  S.  S.  E.  from  the  N.  W. 
point  of  the  ifland  of  St.  Lawrence.  Near  the  fea-fide 
is  the  governor’s  houfe,  which,  with  the  viceroy’s  pa- 
lace, take  up  two  fides  of  a fquare  ; the  parifh  church 
makes  a third  ; and  a battery  of  3 pieces  of  cannon 
forms  the  fourth.  The  churches  are  built  of  canes  In- 
terwoven, and  covered  with  clay',  or  painted  w'hite. 

Here  are  5 monafterles,  and  an  hofpital.  The  houfes 
are  in  general  built  of  flight  materials ; the  fingular 
circumftance  of  its  never  raining  in  this  country,  ren- 
ders ftone  houfes  unneceflary  j and  befides,  thefe  are 
more  apt  to  fuffer  from  earthquakes,  which  are  frequent 
here.  The  moft  remarkable  happened  in  the  year 
1746,  which  laid  -^^ths  of  Lima  level  with  the  ground, 
and  entirely  demoliihed  Callao  ; where  the  deftruffion 
was  fo  entire  that  only  one  man,  of  3000  inhabitants, 
was  left  to  record  this  dreadful  calamity.  S.  lat.  12. 

I.  W.  long.  77. — Morse. 

CALOS,  a bay  on  the  W.  coaft  of  the  peninfula  of 
E.  Florida,  where  are  excellent  fifliing  banks  and 
grounds.  Not  far  from  this  is  a confiderable  town  of 
Seminole  Indians.  The  Spaniards  from  Cuba  take 
great  quantities  of  filh  here,  and  barter  with  the  Indi- 
ans and  traders  for  fuins,  fuis,  &c.  and  return  with 
their  cargoes  to  Cuba. — ib. 

CAMBRIDGE,  a townfhip  in  Grafton  co.  New- 
Hampfliire,  E.  of  Androfcoggin,  and  S.  of  Umbagog 
Lake. — ib. 

Cambridge,  a townfliip  in  Wafliington  co.  New- 
York.  By  the  cenfus  of  1790,  it  cor.uined  4996  in- 
habitants, including  41  flavcs.  By  the  ftate  cenfus  cf 
1796,  it  appears  there  are  623  eledlors, — ib. 

Cambridge,  the  half  fhire  town  of  Middlefex  co. 

Maffachufetts, 
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Cambridge  MalTachufetts,  is  one  of  the  largefl  and  mofl;  refpedla- 
II  ble  townfhips  of  the  county.  Its  3 parifhes,  Cam- 
Cami^m  Little  Cambridge,  and  Menotomy,  contain  3 

Congregational  meeting  houfes,  one  for  Baptifts,  and 
another  for  Epifcopalians  ; a number  of  very  pleafant 
feat?,  and  2115  inhabitants.  The  elegant  bridge 
which  connects  this  town  with  Bofton  has  been  deferib- 
ed  under  the  head  of  Bofton.  The  compact  part  of 
Cambiidge  is  pleafantly  fituated  3-^  miles  weft  ward  of 
Bofton,  on  the  N.  bank  of  Charles  river,  over  which 
is  a bridge  leading  to  Little  Cambridge.  It  contains 
about  too  dwelling  houfes.  Its  public  buildings,  be- 
fides  the  edifices  which  belong  to  Harvard  univerfity, 
are  the  Epifcopal  and  Congregational  rneeting-houfes, 
and  a handfome  court-houfe.  The  college  buildings 
are  4 in  number,  and  are  of  brick,  named  Harvard, 
Elollis,  and  Maflachufetts  Halls,  and  Holden  Chapel. 
They  ftund  on  a beautiful  green  which  fpreads  to  the 
N.  W.  and  exhibit  a pleafing  view.  This  univerfity, 
as  to  its  library,  philofophical  apparatus  and  profeffor- 
fliips,  is  at  prefent  the  firft  literary  inftitution  on  this 
continent.  It  takes  its  date  from  the  year  1638,  7 
years  after  the  firft  fetilement  in  the  townftiip,  then 
called  Ne‘zuio‘w/1.  Since  its  eftabliftiment,  to  July  1794, 
3399  ftudents  have  received  honorary  degrees  from  its 
fucceftive  officers.  It  has  generally  from  140  to  200 
ftudents.  The  library  contains  upwards  of  12000 
volumes.  The  cabinet  of  minerals,  in  the  mufeum, 
contains  the  more  ufeful  produdions  of  nature  ; and  ex- 
cepting what  are  called  the  precious  Jlones,  there  are 
very  few  fubftances  yet  difeovered  in  the  mineral  king- 
dom, but  what  may  be  found  here.  The  univerfity 
owes  this  noble  colledion  of  minerals,  and  feveral  other 
natural  curiofities,  to  the  munificence  of  Dr.  Lettfom, 
of  London,  and  to  that  of  the  republic  of  France.  N. 
lat.  42.  23.  28.  W.  long,  from  Greenwich  71.  7.  30. 
— lb. 

Cambridge,  a poll  town  of  Ninety-Six  diftrift,  in 
the  upper  country  of  S.  Carolina,  where  the  circuit 
courts  are  held.  It  contains  about  60  houfes,  a court- 
houfe  and  a brick  gaol.  The  college  by  law  inftituted 
here  is  no  better  than  a grammar  fchool.  It  is  80 
miles  N.  N.  W.  of  Columbiii ; 50  N by  W.  of  Augufta, 
in  Georgia,  140  N.  W.  of  Charlefton,  and  762  S.  W. 
of  Philadelphia.  N.  lat.  3-'j.  9. — ib. 

Cambridge,  the  chief  town  of  Dorchefter  co.  Mary- 
land, is  fituated  on  the  S.  fide  of  Cheptank  River,  about 
13  miles  E.  S.  E.  from  Cook’s  point  at  its  mouth  ; 9 
W.  S.  W.  from  Nev/market,  and  57  S.  E.  from  Balti- 
more. Its  fituation  is  healthy,  and  it  contains  about 
50  houfes  and  a church.  N.  lat.  38.  34. — ib. 

Cambridge,  in  Franklin  co.  Vermont,  is  fituated 
on  both  fides  of  La  Moille  River,  about  20  miles  W. 
cf  Lake  Champlain  and  has  359  inhabitants. — ib. 

CAMDEN  Co.  In  Edenton  diftridt,  N.  Carolina,  is 
in  the  N.  E.  corner  cf  the  ftate.  It  has  4033  inhabit- 
ants, including  1038  Haves.  Jonefborough  is  the  chief 
town. — ib. 

Camden,  DiJlriB,  in  the  upper  country  of  S.  Caro- 
lina, has  Cheraws  diftrid  on  the  N.  E.  Georgetown  dif- 
tric't  on  the  S.  E.  and  the  ftate  of  N.  Carolina  on  the  N. ; 
and  is  divided  into  the  following  counties,  Fairfield, 
P-ichlanJ,  Clarendon,  Claremont,  Kei  lliaw,  Salem  and 
I.ancafter.  It  is  82  miles  from  N.  to  S.  and  60  from 
E.  to  W.  and  contain  38,265  inhabitants,  including 


8865  flaves.  This  diftrid  is  watered  by  the  Wateree,  Camden 
or  Catabaw  River  and  its  branches ; the  upper  part  is  va-  II 
negated  with  hills,  generallyfertile  and  well  watered.  It 
produces  Indian  corn,  wheat,  rye,  barley,  tobacco,  and 
cotton.  The  Catabaw  Indians,  the  only  tribe  which  re- 
fids in  the  ftate,  live  in  the  N.  part  of  this  diftrid. — ib. 

Camden,  a poll  town,  and  chief  of  Camden  diftrid, 

S.  Carolina,  in  Kerfiiaw  co.  ftands  on  the  E.  fide  of  Wa- 
teree River  ; 35  miles  N.  E.  of  Columbia  ; 55  S.  W. 
of  Cheraw  ; 120  N.  .by  W.  of  Charlefton,  and  643  S. 

W.  of  Philadelphia.  It  is  regularly  laid  out,  and  con- 
tains about  120  houfes,  an  Epifcopal  church,  a court- 
houfe  and  gaol.  The  navigable  river  on  which  the 
town  ftands,  enables  the  inhabitants  to  carry  on  a live- 
ly trade  with  the  back  country.  N.  lat.  34.  12.  W. 
long.  80.  54. 

This  town,  or  near  it,  was  the  feene  of  two  battles 
in  the  late  war.  On  the  i6th  of  Auguft,  1780,  be- 
tween Gen.  Gates  and  Lord  Cornwallis,  in  which  the 
American  general  was  defeated.  The  other  was  a brifle 
adion  between  Lord  Rawdon  and  Gen.  Green,  on  the 
25th  of  April,  1781.  Lord  Rawdon  fallied  out  of 
the  town  with  800  men,  and  attacked  the  American 
camp,  which  was  within  a mile  of  the  town.  The 
Americans  had  126  men  killed,  and  100  taken  prifon- 
ers,  and  the  Britilh  had  about  100  killed.  The  town 
was  evacuated  the  9th  of  May,  in  the  fame  year,  after 
Lord  Rawdon  had  burned  the  gaol,  mills,  many  pri- 
vate houfes,  and  part  of  his  own  baggage. — ib. 

Camden  Co.  in  the  lower  diftrid  of  Georgia,  at  the 
S.  E.  corner  of  the  ftate,  on  St  Mary’s  River,  contains 
305  inhabitants,  Including  70  flaves.  Chief  town  St 
Patricks. — ib. 

Camden,  a fmall  poll  town  on  the  weftern  fide  of 
Penobfeot  bay,  diftrid  of  Maine,  and  the  S.  eaftern- 
moft  townlhlp  of  Lincoln  co.  having  Thomaftown 
on  the  S.  W.  ; 35  miles  N.  N.  E.  Rom  Pownalbo- 
rough,  and  228  miles  N.  E.  from  Bofton. — ib. 

Camden,  a village  in  Kent  co.  ftate  of  Delaware ; 
about  4 miles  S.  W.  from  Dover,  and  5 N.  vvefterly 
from  Frederica. — ib. 

CAMEL,  in  navigation,  is  a machine  which  has 
been  deferibed  with  fufficient  accuracy  in  the  Encyclo- 
psedia  ; but  the  following  account  of  its  invention,  giv- 
en by  ProfelTor  Beckmann,  Is  perhaps  not  unworthy  of 
a place  in  this  Supplement. 

“ In  the  Zuyder-Zee,  oppofite  to  the  mouth  of  the 
river  Y,  about  fix  miles  from  the  city  of  Amfterdam, 
there  are  two  fand  banks,  between  which  is  a paifage 
called  the  Pampus,  which  is  fufficiently  deep  for  fmall 
fliips,  but  not  for  fuch  as  are  large  or  heavy  laden.  In 
1672  the  Dutch  contrived,  however,  to  carry  their  nu- 
merous fleet  through  this  paflage,  by  means  of  large 
empty  chefts  faftened  to  the  bottom  of  each  fhip  ; and 
this  contrivance  gave  rife  to  the  invention  of  the  camel. 

In  the  Encyclopedia  its  invention  is  given  to  the  fa- 
mous De  Wit  ; in  the  German  Cyclopedia  to  Meyer 
a Dutch  engineer  of  very  confiderable  eminence;  but 
the  Dutch  writers,  almoft  unanimoufly,  aferibe  the  in- 
vention of  the  camel  to  a citizen  of  Amfterdam,  who 
calls  himfelf  Meeuves  Meindertfon  Bakker.  Some 
make  the  year  of  the  invention  to  have  been  1688,  and 
others  1690.  Much  has  been  laid  of  the  utility  of  this 
invention ; but  however  beneficial  it  may  be,  we  have 
reafon  to  fuppofe  that  fuch  heavy  velfels  as  Ihips  of  war 

cannot 
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Cameleon  Cannot  be  raifed  up,  in  fo  violent  a manner,  without  fuf- 
II  taining  injury.  A fure  proof  of  this  is  the  well  known 
Campbell,  eircumftance  mentioned  by  Mufchenbroek  f Introdudio 
ad  PhUofoph.  Natur.),  that  the  ports  of  a fhip  which 
had  been  raifed  by  the  camel  could  not  afterwards  be 
fliut  clofely.” 

CAMELEON,  one  of  the  conftellations  of  the 
fouthern  hemifphere,  near  the  fouth  pole,  and  invifible 
in  our  latitude.  There  are  10  ftars  marked  in  this  con- 
flellation  in  Sharp’s  catalogue. 

CAMELOPARDALUS,  a new  conftellation  of 
the  northern  hemifphere,  formed  by  Hevelius,  confift- 
ing  of  32  ftars,  firlt  obferved  by  him.  It  is  fituated 
between  Cepheus,  Caffiopeia,  Perfeus,  the  Two  Bears, 
and  Draco;  and  it  contains  58  ftars  in  the  Britiih  ca- 
talogue. 

camellia,  in  botany  Encycl,),  is  a plant 
which  the  Chinefe  call  Cha  wha,  or  flower  of  tea,  on 
” account  of  the  refemblance  of  the  one  to  the  other,  and 
bccaufe  its  petals  are  fometimes  mixed  among  the  teas 
to  increafe  their  fragrance.  Sir  George  Staunton,  who 
calls  it  Camellia  Sefanqua,  faw  it  flourilhing  on  the  fides 
and  very  high  tops  of  mountains,  where  the  foil  con- 
fifted  of  little  more  than  fragments  of  ftone,  crumbled 
into  a fort  of  coarfe  earth  by  the  joint  acftion  of  the  fun 
and  rain.  It  yields,  he  fays,  a nut,  from  which  is  ex- 
prefled  an  efculent  oil,  equal  to  the  beft  which  comes 
from  Florence.  On  this  account,  it  is  cultivated  in  vaft 
abundance;  and  is  particularly  valuable  from  the  fa- 
cility of  its  culture  in  fltuations  fit  for  little  elfe. 

CAMPBELL  (George,  D.  D ),  fo  juftly  admired 
for  his  metaphyfical  acutenefs  .and  various  erudition, 
was,  in  1719,  born  at  Aberdeen,  where  his  father;  the 
reverend  Coliia  Campbell,  was  one  of  the  minifters  of 
the  eftablifhed  church.  He  was  educated  in  his  native 
city ; and,  after  palTing  through  the  ufual  courfe  of 
academical  learning,  he  ftudied  divinity  under  the 
Rev.  J.  Chalmers,  profeflbr  of  divinity  in  Marifchal 
College. — He  was,  in  1749,  an  unfuccefsful  candidate 
for  the  church  of  Fordown,  though  his  competitor  Mr 
Forbes  was  a man  of  very  Qender  abilities,  and  fuppof- 
ed  to  be  attached  to  the  conftitution  and  liturgy  of  the 
church  of  England.  It  might  indeed  be  that  attach- 
ment w'hich  contributed  principally  to  procure  him  the 
living  in  preference  to  Mr  Campbell. 

The  living  of  Fordown  is  in  the  gift  of  the  crown  ; 
and  it  has  generally  been  a rule  wdth  his  majefty’s  mi- 
nifters, to  give  fuch  livings,  when  they  become  vacant, 
to  thofe  candidates  who  are  favoured  by  the  rnajoiity 
of  land-owners  in  the  parilh.  At  the  era  of  1749,  the 
land-owners  in  fome  of  the  northern  and  middle  coun- 
ties of  Scotland  were  more  generally  attached  to  the 
conftitution  of  the  church  of  England  than  to  that  of 
their  own  eftablilhment ; and  fuch  w'as  certainly  the 
cal'e  in  the  parillt  of  ForJowii. 

But  whatever  w^as  the  caufe  of  Mr  Campbell’s  fail- 
ure, he  failed  by  a very  fmall  number,  and  was  not 
long  wnthout  an  eftablifliment.  In  1750,  he  was  pre- 
fented,  by  Sir  Thomas  Barnett,  of  Leys,  to  the  living 
of  Banchary  Ternan,  on  the  Dee,  about  fwenty  miles 
weft  from  Aberdeen.  From  this  he  was  tranflated,  or, 
as  the  Scotch  r cclcfiaftical  phrafe  Is,  tranjported  to  Aber- 
deen in  1756,  and  nominated  one  of  the  city  minifters, 
in  the  room  of  Mr  John  Bifl'et  deceafed,  a puritan  of 


the  old  fchool,  W’hofe  ftridnefs  and  peculiarities  are  yet 
remembered  by  many  in  that  place. 

In  1759,  on  the  deceafe  of  principal  Pollock,  he  was 
chofen  principal  of  the  Marifchal  college,  and  fucceed- 
cd  to  the  divinity  chair  in  1771,  on  Dr  Alexander  Ge- 
rard being  tranflated  to  the  profefforfnlp  of  divinity  in 
King’s-college.  Before  his  fettling  in  Aberdeen,  he 
married  Mifs  Grace  Farquharfon,  daughter  of  Mr  Far- 
quharfon  of  Whitehoufe,  by  whom  he  had  no  iifue. 
This  amiable  vimman  died  about  a year  before  him. 
They  were  an  eminent  pattern  of  conjugal  affedion. 

From  this  time  he  enjoyed  a remarkable  fliare  of 
good  health  and  fpirits.  He  had,  all  his  life,  a rooted 
averflon  to  medicine.  He  got  the  better  of  every  ail- 
ment by  a total  and  rigorous  abftinence  from  all  kind 
of  fuftenance  whatever ; and  it  was  not  till  he  tvas  at- 
tacked by  an  alarming  illnefs,  about  two  years  before 
his  death,  that  he  was  perluaded  by  his  friends  to  call 
in  medical  aid.  What  nature  could  do,  (he  had  all  along 
performed  well ; but  her  day  was  over,  and  fomething 
of  art  became  neceflary.  Then,  for  the  firft  time,  he 
owned  the  utility  of  medical  men,  and  declared  his  re- 
cantation of  the  very  mean  opinion  he  had  formerly  en- 
tained  of  them  and  their  art.  A few'  months  before  his 
death,  he  refigned  his  offices  of  principal,  profeflbr  of 
divinity,  and  one  of  the  city  miniflers,  and  was  in  all  fuc- 
ceeded  by  Dr  W.  L.  Brown,  late  of  Utrecht,  a man  of 
diftinguiihed  abilities.  Dr  Campbell  retained  all  his 
faculties  entire  to  the  laft,  and  died  on  tlje  6lh  of  April 
1796,  in  the  77th  year  of  his  age.  His  charadter  has 
been  fo  juftly  drawn  by  his  fucceflbr,  that  we  {hall  give 
it  to  our  readers  in  his  words,  adding  only  a circum- 
ftance  or  two,  which  we  have  reafon  to  think  will  con- 
tribute to  endear  his  memory  to  every  liberal  and  en- 
lightened mind. 

“ Dr  Campbell,  as  a public  teacher,  v'as  long  ad- 
mired for  the  clearnefs  and  copioufnefs  with  which  he 
illuftrated  the  great  dodlrines  and  precepts  of  religion, 
and  the  ftrength  and  energy  with  w’hich  he  enforced 
them.  Intimately  perfuaded  of  the  truth  and  infinite 
confequence  of  what  revelation  teaches,  he  W’as  ftrong- 
ly  denrous  of  carrying  the  fame  convidtion  to  the  minds 
of  his  hearers,  and  delivered  his  difcourfes  with  that 
zeal  which  flows  from  ftrong  impreffiosis,  and  that 
power  of  perfuafion  whicli  is  the  refult  of  fincerity  of 
heart,  combined  with  clearnefs  of  underfianding.  Fie 
was  fatisfied,  that  the  more  the  pure  didlates  of  the 
gofpel  were  ftudied,  the  more  they  would  approve 
themfelves  to  the  mind,  and  bring  forth,  in  the  afFec- 
tions  and  condudl,  all  the  peaceable  fruits  of  righteouf- 
nefs.  The  unadulterated  didlates  of  Chriftianity,  he 
was,  therefore,  only  iludious  to  recommend  and  incul- 
cate, and  knew’  perfedlly  to  d;fcriminate  them  from  tlie 
inventions  and  traditions  of  men.  His  chief  ftudy  ever 
W’as,  to  diredt  belief  to  the  great  objsdls  of  pradlice ; 
and,  w'lthout  thefe,  he  viewed  the  mofl  or  thodox  pro- 
feffion  as  “ a founding  brafs,  and  a tinkling  cymbal.” 
But,  befldes  the  charadter  of  a preacher  of  rlgliteouf- 
nefs,  he  had  alio  that  of  a teacher  of  the  fcience  of  di- 
vinity to  fuftain.  How  admirably  he  difchaiged  this 
duty,  and  with  what  effedl  he  conveyed  the  il  rjndcft 
and  moft  profitable  Inftrudlion  to  the  minds  cfhisfcho- 
lars,  let  thofe  declare  who  are  now'  in  various  congre- 
gations of  this  country,  communicating  to  their  fellow 
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Chriftians  the  fruits  of  their  ftudles  under  fo  able  and 
judicious  a teacher.  Difcarding  all  attachment  to  hu- 
man fy  ftems,  merely  confidered  as  fuch,  he  tied  his  faith 
to  the  Word  of  God  alone,  poffelfed  the  happieft  ta- 
lent in  inveftigating  its  meaning,  and  communicated  to 
his  hearers  the  relult  of  his  own  inquiries,  with  a pre- 
cifinn  and  perfpicuity  which  brought  light  out  of  ob- 
fcurity,  and  rendered  clear  and  fimple  w'hat  appeared 
intricate  and  perplexed.  He  expofed,  without  referve, 
the  corruptions  which  ignorance,  craft,  and  hypocrify, 
had  introduced  into  religion,  and  applied  his  talent  for 
ridicule  to  the  beft  of  all  purpofes,  to  hold  up  to  con- 
tempt the  abfurdities  with  which  the  pureft  and  fu- 
blimeft  truths  had  been  loaded. 

“ Placed  at  the  head  of  a public  feminary  of  learn- 
ing, he  felt  all  the  importance  of  fuch  a fituation,  and 
uniformly  directed  his  influence  to  public  utility.  His 
enlarged  and  enlightened  mind,  julUy  appreciated  the 
extenlive  confequence  of  the  education  of  youth.  He 
anticipated  all  the  elFeds  refulting  to  the  great  commu- 
nity of  mankind,  from  numbers  of  young  men  ifluing, 
in  regular  fucceffion,  from  the  univerfity  over  which  he 
prefided,  and  occupying  the  different  departments  of 
focial  life. 

“ His  benevolent  heart  delighted  to  reprefent  to  it- 
felf  the  ftudents  under  his  direction  ufefully  and  ho- 
nourably difcharging  the  refpedtive  duties  of  their  dif- 
ferent profeflions  ; and  fome  of  them,  perhaps,  filling 
the  mod  diftinguifhed  ftations  of  civil  fociety.  With 
thefe  profpeds  before  him,  he  conftantly  direded  his 
public  condud  to  their  attainment.  He  never  fuffered 
his  judgment  to  be  warped  by  prejudice  or  partiality, 
or  his  heart  to  be  feduced  by  paffion  or  private  intereft. 
Thofe  mean  and  ignoble  motives  by  which  many  are 
aduated  in  the  difcharge  of  important  trufts,  approach- 
ed not  his  mind.  A certain  honourable  pride,  if  pride 
it  may  be  called,  diffufed  an  uniform  dignity  over  the 
whole  of  his  behaviour.  He  felt  the  man  degraded 
by  the  perverflon  of  public  charader.  His  underftand- 
ing  aifo  clearly  fhewed  him  even  perfonal  advantage  at- 
tached to  fuch  principles  and  pradice,  as  he  adopted 
from  a feni'e  of  obligation,  and  thofe  elevated  concep- 
tions of  real  worth  which  were  fo  congenial  to  his  foul. 
He  law,  he  experienced,  efteem,  refped,  and  influence, 
following  in  the  train  of  integrity  and  beneficence  ; but 
contempt,  difgrace,  averfion,  and  complete  infignifi- 
cance,  clofely  linked  to  corruption  and  felfiflinefs.  Lit- 
tle minds  are  feduced  and  overpowered  by  felfifh  con- 
fiderations,  becaufe  they  have  not  the  capacity  to  look 
beyond  the  prefent  advantage,  and  to  extend  to  the 
mifery  that  hands  on  the  other  fide  of  it.  The  fame 
circumftance  that  betrays  the  perverfity  of  their  hearts, 
alfo  evinces  the  w'eaknefs  of  their  judgments. 

“ His  reputation  as  a writer,  is  as  extenfive  as  the 
prefent  intercourfe  of  letters;  not  confined  to  his  own 
country,  but  fpread  through  every  civilized  nation.  In 
his  literary  purfults,  he  aimed  not,  as  is  very  often  the 
cafe,  with  men  of  difllnguiflied  literary  abilities,  merely 
at  eflablifhing  his  own  celebrity,  or  increafing  his  for- 
tune; but  had  chiefly  at  heart  the  defence  of  the  great 
caufe  of  Religion,  or  the  elucidation  of  her  diffates. 

“ At  an  early  period  he  entered  the  lifts  as  a cham- 
pion for  Chriftianlty  againft  one  of  its  acuteft  oppo- 
nents. He  not  only  triumphantly  refuted  his  argu- 
ments, but  even  conciliated  his  refped  by  the  handfome 


and  dexterous  manner  in  which  his  defence  was  condud-  Campbell 
ed.  While  he  refuted  the  infidel,  he  fpared  the  man, 
and  exhibited  the  uncommon  fpedacle  of  a polemical 
writer  pofTefting  all  the  moderation  of  a Chriftian.  But 
while  he  defended  Chriftianlty  againft  its  enemies,  he 
was  deflrous  of  contributing  his  endeavours  to  increafe, 
among  its  profeffors,  the  knowledge  of  the  facred  writ- 
ings. Accordingly,  in  the  latter  part  of  his  life,  he 
favoured  the  world  with  a work,  the  fruit  of  copious 
erudition,  of  unwearied  application,  for  almoft  thirty 
years,  and  of  a clear  and  comprehenfive  judgment.  We 
have  only  to  regr'et,  that  the  other  writings  of  the 
New  Teftament  have  not  been  elucidated  by  the  fame 
pen  that  tranflated  the  Gofpels.  Nor  were  his  literary 
merits  confined  to  theology,  and  the  ftudies  more  im- 
mediately connedted  with  it.  Philofophy,  and  the  fine 
arts,  are  alfo  indebted  to  his  genius  and  labours ; and 
in  him  the  polite  fcholar  was  eminently  joined  to  the 
deep  and  liberal  divine. 

“ Political  principles  will  always  be  much  affedted 
by  general  charadler.  This  was  alfo  the  cafe  with  Dr 
Campbell.  In  politics,  he  maintained  that  moderation 
which  is  the  fureft  criterion  of  truth  and  redlitude,  and 
was  equally  diftant  from  thofe  extremes  into  which  men 
are  fo  apt  to  run  on  great  political  queftions.  He  che- 
rlftied  that  patriotifm  which  confifts  in  wifhing,  and  en- 
deavouring to  promote,  the  greateft  happinefs  of  his 
country,  and  Is  always  fubordin.ate  to  univerfal  benevo- 
lence. Firmly  attached  to  the  Britifh  conftitutlon,  he 
was  animated  with  that  genuine  love  of  liberty  which 
it  infplres  and  invigorates.  Fie  was  equally  averfe  to 
defpotifm  and  to  popular  anarchy  ; the  two  evils  into 
which  political  parties  are  fo  frequently  hurried,  to  the 
deftrudlion  of  all  that  is  valuable  in  government.  Par- 
ty-fpirit,  of  whatever  defeription,  he  confidered  as  hav- 
ing an  unhappy  tendency  to  pervert,  to  the  moft  per- 
nicious purpofes,  the  beft  principles  of  the  human  mind, 
and  to  clothe  the  moft  iniquitous  adiions  with  the  moft 
fpeclous  appearances.  Although  tenacious  of  thofe  fen- 
timents,  whether  in  religion  or  politics,  which  he  was 
convinced  to  be  rational  and  juft,  he  never  fuffered 
mere  difference  of  opinion  to  impair  his  good  will,  to 
obftrudl  his  good  offices,  or  to  cloud  the  cheerfulnefs 
of  converfation.  His  own  converfation  was  enlivened 
by  a vein  of  the  moft  agreeable  pleafantry.” 

So  far  was  he  from  being  influenced  by  jealoufy,  or 
any  portion  of  that  corporation  fpirit  which  fometimes 
incites  men  of  undoubted  abilities  to  detradl  from  the 
merit  of  every  writer  who  fills  not  a ftation  as  confpi- 
cuous  as  their  own,  that  he  was  loud  in  his  praifes  of 
thofe,  whom  men  of  meaner  minds  would  have  looked 
upon  with  difguft,  as  upon  prefumptuous  rivals.  This 
generofity  was  fully  experienced  by  the  writer  of  the 
article  Miracle,  in  the  Encyclopaedia,  who,  though 
he  had  prefumed  to  treat  the  fubjedt  differently  from 
Dr  Campbell,  received  from  him  fuch  a teftimony  of 
approbation  of  what  he  had  done,  as  he  will  hardly 
look  for  from  any  other  man  in  fimilar  circumftances. 

Among  his  other  qualities,  which  fo  much  endeared 
him  to  all  who  had  the  honour  of  his  acquaintance,  Dr 
Campbell  polfeffed  an  uncommon  facllityof  paffing  from 
the  graveft  to  the  moft  airy  fubjedts,  and  from  the  live- 
lleft  to  the  graveft,  without  degrading  the  one  or  di- 
mlnifhing  the  pleafure  of  the  other.  The  infirmities  of 
age  abated  not  the  cheerfulnefs  of  his  temper,  nor  did 
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ampbell  even  the  perfuafion  of  approaching  diflolutlon  impair 
U his  ferenity. 

We  cannot  conclude  this  ftiort?  fketch  better  than 
with  a lift  of  his  works,  in  the  order  in  which  they 
were  publiftied.  In  1752,  he  publiftied  a Sermon, 
preached  before  the  Synod  of  Aberdeen. 

1761.  A Diflertation  on  Miracles,  againft  Mr  Hume. 
This  treatife  is  well  known  to  the  learned  world.  He 
obtained,  and  defervedly  obtained,  a very  high  reputa- 
tion, not  only  from  the  able  manner  in  which  he  hand- 
led the  fubjed,  but  from  the  liberal  ftyle  in  which  he 
addrefled  his  antagonift.  It  was  fpeedily  tranftated  in- 
to French,  German,  and  Dutch. 

1771.  A Sermon  before  the  Society  for  Propagating 
Chriftian  Knowledge,  Edinburgh. 

before  the  Synod  of  Aberdeen. 

1776.  The  Philofophy  of  Rhetoric,  2 vols  8vo.  A 
work  which  difcovers  a clearnefs  of  difcernment,  and 
accuracy  of  obfervation,  which  juftly  intitled  him, to  be 
ranked  among  the  moft  judicious  critics.  He  entered 
on  this  inquiry  as  early  as  1750,  v.'hen  a part  of  the 
work  was  compofed.  The  laws  of  elegant  compofition 
and  criticifm  are  laid  down  with  great  perfpicuity  : but 
the  moft  valuable  part  of  the  work  is  undoubtedly  the 
theory  of  evidence,  to  which  we  know  nothing  fuperior, 
perhaps  nothing  equal,  on  the  fubjedt,  in  our  own  or  any 
other  language.  His  philofophy,  in  general,  is  the  phi- 
lofophy of  Dr  Reid  ; and  where  he  differs  from  that  a- 
cute  feafoner  refpedling  alfradilon,  and  fome  other  ob- 
jedts  of  metaphyfical  difquifition,  we  think  it  impoflible 
to  refufe  him  the  pre-eminence  in  every  thing  but  ftyle. 

1777.  A Sermon  on  the  King’s  Faft-day,  on  Alle- 
giance, firft  printed  in  4to,  and  afterwards,  at  the 
expence  of  government,  fix  thoufand  copies  were  print- 
ed in  lamo,  enlarged  with  notes,  and  fent  to  Ame- 
rica, when  the  unhappy  ftruggle  had,  however,  put  on 
appearances  which  prevented  the  effedt  hoped  for  from 
this  fermon. 

1780.  An  Addrefs  to  the  People  of  Scotland  on 
the  Alarms  which  have  been  raifed  by  what  is  called 
the  Popifh  Bill.  This  is  a powerful  difluafive  from 
bigotry,  and  every  fpecies  of  religious  perfecution. 

1793.  Magnum  Opus . The  tranflation  of  the 

Gofpels,  with  Preliminary  Differtations,  2 vols  4to. 

CAMPBELL  Co.  in  Virginia,  lies  E.  of  Bedford 
CO.  on  Staunton  River.  It  is  45  miles  long,  and  30 
broad,  and  contains  7,685  inhabitants,  including  2,488 
Haves. — Morse. 

CAMPBELLTOWN,  a village  in  Dauphin  co. 
Pennfylvania,  which  ftands  near  a water  of  Quitipihilla 
Creek  ; 13  miles  E.  of  Harrifburgh,  and  96  N.  W.  of 
Philadelphia. — ih. 

Campbelltown,  in  N.  Carolina,  is  a large  and 
flourilhing  town  on  a branch  of  Cape  Fear  River  100 
miles  above  Wilmington;  having,  according  to  Bar- 
tram,  “ above  100  houfes,  many  wealthy  merchants, 
refpedtable  public  buildings,  a vaft  refort  of  inhabitants 
and  travellers,  and  continual  brilTc  commerce  by  wag- 
gons, from  the  back  feltlements,  with  large  trading 
boats.” — ih. 

CAMPBELL’j- Fur?,  in  the  ftateof  Tenneftee,  ftands 
near  thejundtion  of  Holfton  River  with  the  Tenneftee; 
diftant  135  miles  from  Abingdon,  in  Walhington  co. 
Virginia,  and  445  W.  of  Richmond  in  Virginia. — ih. 
Campbell’j  Salines,  in  North  Holfton,  in  the  ftate  of 
SyppL.  VoL.  I. 


Tenneftee,  are  the  only  ones  that  have  yet  been  difco-  Campbell's 
vered  on  the  upper  branches  of  the  TennelTee,  though  fi 
great  fearch  has  been  made  for  them.  Large  bones, 
like  thofe  found  at  Big  Bone  Lick,  have  been-  dug  up 
here;  and  other  circumftances  render  the  tradt  which 
contains  the  falines  a great  natural  curiofity.  Capt. 

Charles  Campbell,  one  of  the  firft  explorers  of  the 
weftern  country,  made  the  difcovery  of  this  tradt  in 
1745.  In  1753*  obtained  a patent  for  it  from  the 
governor  of  Virginia.  His  fon  the  late  Gen.  William 
Campbell,  the  fame  who  behaved  fo  gallantly  in  the 
years  1780,  and  1781,  became  owner  of  it  on  his 
death.  But  it  was  not  till  the  time  of  his  death,  when 
fait  was  very  fcarce  and  dear,  that  falt-w'ater  was  dif- 
covered,  and  fait  made  by  a poor  man.  Since  that 
time  it  has  been  improved  to  a confiderable  extent,  and 
many  thoufands  of  people  are  now  fapplied  from  it, 
with  fait  of  a fuperior  quality,  and  at  a low  price.  The 
tradt  confifts  of  about  300  acres  of  fait  marfti  land,  of 
as  rich  a foil  as  can  ba  imagined.  In  this  flat,  pits  are 
funk,  in  order  to  obtain  the  fait  water.  The  beft  is 
found  from  30  to  40  feet  deep ; after  pafflng  through 
the  rich  foil  or  mud,  from  6 to  10  feet,  you  come  to 
a very  brittle  lime-ftone  rock,  with  cracks  or  chafms, 
through  which  the  fait  water  iftues  into  the  pits,  whence 
it  is  drawn  by  buckets  and  put  into  the  boilers,  which 
are  placed  in  furnaces  adjoining  the  pits.  The  hills 
that  furround  this  flat  are  covered  with  fine  timber  ; 
and  a coal  mine  has  been  difcovered  not  far  from  it. 

^ — ih. 

CAMPEACHY,  a town  In  the  audience  of  Old- 
Mexico,  orNew-Spain,  and  province  of  Yucatan,  fitu- 
ated  on  the  bay  of  Campeachy,  near  the  W.  fhore. 

Its  houfes  are  well  built  of  ftone  ; when  taken  by  the 
Spaniards  it  W'as  a large  town  of  3000  houfes,  and  had 
confiderable  monuments  of  Indian  art  and  induftry. 

There  Is  a good  dock  and  fort,  with  a governor  and 
garrifon,  which  commands  both  the  town  and  harbor. 

It  has  been  often  ftormed  and  taken,  both  by  the  Eng- 
lifli  and  French  buccaniers,  in  1659,  -678)  and  laft 
in  1685,  w'ben  thefe  freebooters  united,  and  plundered 
every  place  within  15  leagues  round  it,  for  the  fpace  of 
two  months  ; they  afterwards  fet  fire  to  the  fort  and 
town,  which  the  governor,  who  kept  the  field  with  his 
men,  would  not  ranfom  ; and  to  complete  the  pillage 
by  a fingular  piece  of  folly,  the  French  buccaniers  cele- 
brated the  feaft  of  their  king,  the  day  of  St  Louis,  by 
burning  to  the  value  of  50, 000  fterling  of  Campeachy 
wood,  which  was  a part  of  their  fhare  of  the  plunder. 

The  port  is  large  but  (hallow.  It  was  a ftated  market 
for  logw'ood,  of  which  great  quantities  grew  in  the 
neighbourhood,  before  the  Englifti  landed  there,  and 
cut  it  at  the  ifthmus,  which  they  entered  at  Triefta 
Ifland,  near  the  bottom  of  the  bay,  40  leagues  S.  W. 
from  Campeachy.  The  chief  manufacture  here  is  cot- 
ton cloth.  Lat.  15.  40.  long.  91.  30. — ih. 

CAMPHOR,  or  Camp  hire  (fee  Encycl.),  is,  in 
China,  obtained  by  boiling  the  branches,  twigs,  and 
leaves,  of  the  Laurus-Camphora  in  water,  upon  the  fur- 
face  of  which  it  is  found  fwimming  in  the  form  of  an 
oil,  or  adhering,  in  a glutinous  form,  to  a wooden  rod, 
with  which  the  boiling  matter  is  conftantly  ftirred. 

The  glutinous  mafs  is  then  mixed  with  clay  and  lime, 
and  put  into  an  earthen  velTel,  with  another  of  the  fame 
fize  properly  luted  over  it;  the  lower  veflel  being  placed 
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Camphor  over  a flow  fire, the  camphor  gradually  fublimes  through 
II  the  clay  and  lime,  and  adheres  to  the  fides  of  the  upper 
velTel,  forming  a cake  of  a fhape  correfponding  to  the 
cavity  which  received  it.  It  is,  however,  lefs  pure  and 
much  weaker  than  what  is  difcovered  in  a folid  ftate 
among  the  fibres  of  the  trunk,  as  turpentine  is  found 
in  different  forts  of  pines.  In  the  great,  but  ill-peo- 
pled, ifland  of  Borneo,  and  alfo  in  Japan,  the  camphor 
tree  is  felled  for  the  foie  purpofe  of  finding  this  coftly 
drug  in  fubfiance  among  tlie  fplinters  of  the  trunk,  in 
the  ff.me  manner  as  other  trees  are  felled  in  Louifiana 
merely  for  colledling  the  fruit  they  bear  upon  their 
fummits.  The  Borneo,  or  Japan  camphor,  is  pure, 
and  fo  very  llrong,as  readily  to  communicate  much  of 
its  odour  and  its  virtues  to  other  infpilTated  oils,  which 
thus  pafs  for  real  camphor ; and  this  adulterated  drug 
is  fold  by  Chinefe  artifts  at  a vaftly  lower  price  than 
they  gave  themfelves  for  the  genuine  fubftance  from 
Borneo  or  Japan. 

Sir  George  Staunton,  from  whom  we  have  this  ac- 
count, does  not  inform  us  whether  the  camphor-tree 
of  China,  if  felled  and  torn  into  fplinters,  would  not 
produce  as  large  quantities  of  the  drug,  and  equally 
pure,  as  the  trees  of  Borneo  and  Japan ; but  he  affures 
us,  that  in  China  it  is  never  fo  torn,  being  there  a large 
and  valuable  timber-tree.  “ It  is  ufed  (fays  he)  in 
the  beft  buildings  of  every  kind,  as  well  as  for  mafts  of 
veffels,  and  bears  too  high  a price  to  allow  of  any  part, 
except  the  branches,  being  cut  up  for  the  fake  of  the 
drug.” 

CAMPO  BELLO,  a long  and  narrow  ifiand,  on 
the  E.  coaft  of  Wafliington  co.  diftriff  of  Maine,  and 
the  N.  eafternmoft  of  all  the  iflands  of  the  diftridt.  It 
lies  at  the  mouth  of  a large  bay  into  which  Cobfcook 
river  empties,  and  has  communication  with  Paffama- 
quoddy  bay  on  the  N.  by  two  channels  ; the  one  be- 
tween the  W.  fide  of  Deer  Ifland  and  the  continent ; 
the  other  into  the  mouth  of  Paffamaquoddy  Bay  between 
Deer  Ifland  and  the  N.  end  of  Campo  Bello  Ifland 
which  lies  in  about  N.  lat.  44.  48.  ITe  S.  end  is  5 
miles  N.  w'efterly  from  Grand  Mannan  Ifland. — Morse. 

CANABAC,  an  ifland  lying  contiguous  to  Bulam 
on  the  weflern  coaft  of  Africa,  and  inhabited  by  a fierce 
people,  governed  by  tw'o  kings  or  chiefs.  It  would 
appear  that  the  Canabacs  had  been  very  troublefome 
to  their  neighbours,  fince  the  inhabitants  of  fome  other 
iflands  in  that  clufter  rejoiced  at  the  fettlement  of  the 
Engliflr  in  Bulam,  hoping  to  find  in  them  a defence 
againft  the  ufurpations  of  the  Canabacs. 

CANADA  Creeks.  There  are  three  creeks  which 
bear  this  name  ; one  a water  of  Wood  creek,  which 
it  meets  4 or  5 miles  N.  N.  W.  of  Fort  Stanwix  or 
New  Fort  Schuyler.  The  other  two  are  northern 
branches  of  Mohawk  River ; the  upper  one  mingles  its 
waters  w'ith  the  Mohawk  in  the  townflrip  of  Herkemer, 
on  the  German  flats,  16  miles  below  Old  Fort  Schuyler  ; 
over  the  mouth  of  it  is  a fightly  and  ingenioufly  con- 
ftruded  bridge.  The  other  empties  into  the  Mohawk  1 3 
miles  below.  Both  thefe  are  long,  rapid  and  unnaviga- 
ble  flreanjs,  and  bring  aconfiderable  acceffion  of  water 
to  the  Mohawk.  The  lands  on  thefe  creeks  are  exceed- 
ingly rich  and  valuable,  and  faft  fettling.— ATow. 

CANADA  SAGA,  or  Seneca  Lake,  a handfome 
piece  of  water  from  35  to  40  miles  long,  and  about  % 
miles  broad,  in  New-York.  At  the  N.  W.  corner  of 
the  Lake  ftarids  the  town  of  Geneva,  and  on  the  E. 


fide  between  it  and  Cayuga,  are  the  towns  of  Romu-  Canajohar;! 
lus,  Ovid,  Hector  and  Ulyffes,  in  Onondago  co.  New-  U '! 
York.  Its  outlet  is  Scayace  River  which  alfo  receives 
the  waters  of  Cayuga  Lake  9 miles  N.  E.  from  the 
mouth  of  Canada  Saga,  18  miles  below  Geneva,  on 
the  fame  fide  of  the  lake  ftands  the  Friend’s  fettlement, 
founded  by  Jemima  Wilkinfon  ; there  are  80  families 
in  it,  each  has  a fine  farm,  and  are  quiet,  induftrious 
people. — lb, 

CANAJOHARY,  a poft  town  in  Montgomery  co. 
New-York,  fituated  on  the  S.  fide  of  Mohaw  k River 
comprehending  a very  large  diftriff  of  fine  country,  40 
miles  W.  of  Schenectady,  and  56  miles  from  Albany. 

In  the  ftate  cenfus  of  1796,  7300!  the  inhabitants  ap- 
pear to  be  eleffors.  A creek  named  Canajohary  enters 
the  Mohawk  in  this  town.  In  this  tov/nfliip,  on  the  bank 
of  the  Mohaw'k,  about  50  miles  from  Schenectady,  is 
Indian  Cajlle,  fo  called,  the  feat  of  old  king  Hendrick, 
whow'as  killed  in  Sept.  1755,  at  Lake  George,  fight- 
ing for  the  Britifti  and  Americans  againft  the  French. 

Here  are  now  the  remains  of  a Britilh  fort,  built  dur- 
ing that  war,  about  60  paces  fquare.  A gold  coin 
of  the  value  of  about  7 dollars  was  found  in  thefe  ruins 
in  1 793.  About  a mile  and  half  W.  of  this  fort  ftands 
a church,  which  is  called  Brant’s  church,  which  the 
noted  chief  of  that  name  is  faid  to  have  left  with  great 
reluctance.  This  was  the  principal  feat  of  the  Mohawk 
nation  of  Indians,  and  abounds  with  apple  trees  of  their 
planting,  from  which  is  made  cider  of  an  excellent 
quality. — tb. 

CANALS  OF  Communication  may  be  of  fiich 
advantage  in  a commercial  or  agricultural  country,  that 
every  attempt  to  render  them  more  convenient,  and  lefs 
expenfive  in  the  conftruCtion,  is  intitled  to  public  no- 
tice. In  the  Encyclopedia,  an  account,  fufficiently 
perfpicuous,  is  given  of  the  common  canals  with  locks; 
but  in  many  cafes  it  is  very  difficult  to  provide  a fufficient 
quantity  of  water  for  the  confumption  of  a canal  where 
many  boats  are  to  pafs.  Different  attempts  have  there- 
fore been  made,  by  ingenious  men,  to  fave  water  in  the 
paffing  of  boats  or  lighters  from  one  lock  of  a canal  to 
another  ; and,  among  thefe,  perhaps  none  is  more  de- 
ferving  of  public  favour  than  the  following,  by  the  late 
Mr  James  Playfair  of  Ruffel-ftreet,  architedl.  We  fliall 
ftate  his  invention  in  his  own  words. 

“ The  nature  and  principle  of  this  manner  of  faving 
water  confift  in  letting  the  water  which  has  ferved  to 
raife  or  fall  a boat  or  barge  from  the  lock,  pafs  into 
refcrvoirs  or  cifterns,  whofe  apertures  of  communication 
with  the  lock  are  upon  different  levels,  and  which  may 
be  placed  or  conftruded  at  the  fide  or  fides  of  the  lock 
with  which  they  communicate,  or  in  any  other  conti- 
guous fituation  that  circumftances  may  render  eligible  ; 
which  apertures  may  be  opened  or  flnit  at  pleafure,  fo 
that  the  water  may  pafs  from  the  lock  to  each  refervoir 
of  the  canal,  or  from  each  refervoir  to  the  lock,  in  the 
following  manner:  The  water  which  fills  the  lock, 
when  a boat  is  to  afcend  or  defcend,  inftead  of  being 
paffed  immediately  into  the  lower  part  of  the  canal,  is 
let  pafs  into  thefe  cifterns  or  refervoirs,  upon  different 
levels ; then,  their  communications  with  the  lock  being 
fhut,  they  remain  full  until  another  veffel  is  wanted  to 
pafs;  then,  again,  the  cifterns  are  emptied  into  the 
lock,  which  is  thereby  nearly  filled,  fo  that  only  the  re- 
mainder which  is  not  filled  is  fupplied  from  the  higher 
part  of  the  canal.  Each  of  thefe  cifterns  muft  have  a 
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Canal*,  furfaca  net  lefs  than  that  of  the  lock,  and  mud  con- 
tain  half  as  much  water  as  is  meant  to  be  expended  for 
the  pafling  of  each  veflel.  The  ciftern  the  mod  elevat- 
ed is  placed  twice  its  own  depth  (meafuring  by  the 
aperture,  or  communicating  opening  of  the  cifterns) 
under  the  level  of  the  water  in  the  higher  part  of  the 
canal.  The  fecond  ciflern  is  placed  once  its  own  depth 
under  the  fird,  and  fo  on  are  the  others,  to  the  lowed  ; 
which  lad  is  placed  once  its  own  depth  above  the  level 
of  the  water  in  the  lower  part  of  the  canal.  The  aper- 
tures of  the  intermediate  cifterns,  whatever  their  num- 
ber may  be,  muft  all  be  equally  divided  into  different 
levels;  the  furface  of  the  water  in  the  one  being  al- 
ways on  the  level  of  the  bottom  of  the  aperture  of  the 
ciftern  which  is  immediately  a!>ove.  As  an  example 
of  the  manner  and  rule  for  conftruding  thefe  cifterns, 
fuppofe  that  a lock  is  to  be  condrudled  twelve  feet  deep, 
that  is,  that  the  veffel  may  afeend  or  defeend  twelve 
feet  in  pafling.  Suppofe  the  lock  futy  feet  long  and 
fix  feet  wide,  the  quantity  of  water  required  to  fill  the 
lock,  and  to  pafs  a boat,  is  4320  cubic  feet ; and  fup- 
pofe that,  in  calculating  the  quantity  of  water  that  can 
be  procured  for  fupplying  the  canal,  after  allowing  for 
wade,  it  is  found  (according  to  the  number  of  boats 
that  may  be  expedted  to  pafs)  that  there  will  not  be 
above  800  cubic  feet  for  each  ; then  it  w-ill  be  neceffa- 
ry  to  fave  five-fixihs  of  the  whole  quantity  that  in  the 
common  cafe  would  be  neceffary : to  do  which  ten  cif- 
terns mud  be  made  (the  mode  of  placing  which  is  ex- 
preffed  in  the  drawing,  fig.  i.  Plate  VII.),  each  of 
which- muft  be  one  foot  deep,  or  deeper  at  pleafure, 
and  each  muft  have  a furface  of  360  feet  fquare,  equal 
to  the  furface  of  the  lock.  The  bottom  of  the  aper- 
ture of  the  lowed  ciftern  muft  be  placed  one  foot  above 
the  level  of  the  water  in  the  low'^er  part  of  the  canal,  or 
eleven  feet  under  the  level  of  the  high  water ; the  fe- 
cond ciftern  muft  be  twm  feet  above  the  level  of  the 
low  water  ; the  third  three  feet,  and  fo  on  of  the  others  ; 
the  bottom  of  the  tenth,  or  uppermoft  ciftern,  being 
ten  feet  above  the  low  water,  and  two  feet  lower  than 
the  high  v/ater  5 and,  as  each  ciftern  muft  be  twelve 
inches  in  depth,  the  furface  of  the  water  in  the  higher 
ciftern  will  be  one  foot  under  the  level  of  the  water  in 
the  upper  part  of  the  canal.  The  cifterns  being  thus 
confinufled,  when  the  lock  is  full,  and  the  boat  to  be 
let  down,  the  communications  between  the  lock  and  the 
cifterns,  which  until  then  have  all  been  fliut,  are  to  be 
opened  in  the  following  manner:  firft;,  the  communica- 
tion with  the  higher  ciftern  is  opened,  which,  being  at 
bottom  two  feet  under  the  level  of  the  water  in  the 
lock,  is  filled  to  the  depth  of  one  foot,  the  water  in  the 
lock  defeending  one  foot  alfo  at  the  fame  time ; that 
communication  is  then  Ihut,  and  the  communication  be- 
tween the  lock  and  the  fecond  ciftern  is  opened  ; one 
foot  more  of  the  water  then  paffes  into  that  ciftern  from 
the  lock,  and  fills  it ; the  opening  is  then  fhut : the 
fame  is  done  with  the  third,  fourth,  fifth,  fixth,  feventb, 
eighth,  ninth,  and  tenth,  cifterns,  one  by  one,  until 
they  arc  all  filled  ; and,  when  the  tenth,  or  lowermoft 
ciftern,  is  filled,  there  remains  but  two  feet  depth  of  wa- 
ter in  the  lock.  The  communication  between  the  lock 
and  the  lower  part  of  the  canal  is  then  opened,  and  the 
laft  two  feet  depth  of  water  is  emptied  into  the  lower 
part  of  the  canal.  By  this  means,  it  is  evident,  that, 
inftead  of  twelve  feet  depth  of  water  being  let  defeend 
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into  the  lower  part  of  the  canal,  there  is  only  two  feet 
depth  that  defeends,  or  one-fixth  of  the  whole  ; there- 
fore, inftead  of  43  zo  cubic  feet  being  ufed,  there  are 
only  720  cubic  feet  ufed:  the  remainder  of  the  water 
in  the  cifterns  being  ufed  as  follows.  V/hen  another 
boat  is  to  mount,  the  fluices  being  then  fimt,  and  the 
boat  in  the  lock,  the  tenth  or  lowermoft  ciftern  is 
emptied  into  the  lock,  which  it  fills  one  foot ; the  com- 
munication being  then  fiiut,  the  next  loweft  ciftern,  or 
the  ninth,  is  emptied  into  the  lock,  which  is  thereby 
filled  another  foot ; and  fo,  in  like  manner,  all  the  other 
cifterns  are  emptied  one  after  another,  until  the  higher 
ciftern  being  emptied,  which  fills  the  tenth  foot  of  wa- 
ter in  the  lock,  there  remains  but  two  feet  of  water  to 
fill,  which  is  done  from  the  upper  part  of  the  canal,  by 
opening  the  higher  fiuice  to  pafs  the  boat ; by  that 
means,  the  fame  quantity  of  water  defeends  from  rite 
upper  part  of  the  canal  into  the  lock,  that  In  the  other 
cafe  defeended  from  the  lock  into  the  lower  pat  t of  the 
canal ; fo  that,  in  both  cafes,  the  fame  quantity  of  wa- 
ter is  faved,  that  is,  five-fixths  of  what  would  be  necef- 
fary were  there  no  cifterns.  Suppofe  again  that,  upon 
the  fame  canal,  and  immediately  after  the  twelve  feet 
lock.  It  would  be  advantageous  to  conftru<5t  one  of 
eighteen  feet ; then,  in  order  not  to  ufe  any  greater 
quantity  of  water,  It  will  be  neceffary  to  have  fixteen 
cifterns,  upon  different  levels,  communicating  with  the 
lock  in  the  fame  manner.  Should,  again,  a lock  of 
only  fix  feet  be  wanted,  after  that  of  eighteen,  then  it 
will  only  be  neceffary  to  have  four  cifterns  on  different 
levels,  and  fo  of  any  other  height  of  lock.  The  rule 
is  this : for  finding  the  number  and  fize  of  the  cifterns, 
each  ciftern  being  the  fame  in  fuperficies  with  the  lock, 
its  depth  muft  he  fuch  as  to  contain  one  half  the  quan- 
tity of  water  meant  to  be  ufed  in  the  pafling  of  one 
boat.  The  depth  of  the  lock,  divided  by  the  depth 
neceffary  for  fuch  a ciftern,  will  give,  in  all  cafes,  the 
whole  number  of  cifterns,  and  two  more:  dediufl:  the 
number  two,  therefore,  from  the  number  which  you 
find  by  dividing  the  depth  of  the  lock  by  the  depth  of 
one  ciftern,  and  you  have  always  the  number  of  ci- 
fterns required  ; which  are  to  be  placed  upon  different 
levels,  according  to  the  rule  already  given.  The  above 
Is  the  principle  and  manner  of  ufing  the  lock,  for  fa- 
ving  water  in  canals,  and  for  enabling  engineers  to  con- 
ftrudl  locks  of  different  depths  upon  the  fame  canal, 
without  ufing  more  water  for  the  deep  locks  than  for 
the  fballow  ones.  With  regard  to  the  manner  of  dif- 
pofing  the  cifterns,  the  clrcumftances  of  the  ground, 
the  declivity.  See.  will  be  the  beft  guide  for  the  en- 
gineer.” 

But  fuppofing  a fufficiency  of  water,  or  admitting 
that  this  method  of  Mr  I’layfair’s  of  faving  it,  where 
defedive,  is  adequate  to  his  fondeft  expedations,  ftill, 
in  palling  numerous  locks,  where  the  rife  is  confider- 
able,  the  interruption  is  fo  great,  that  it  has  often  been 
wilhed  that  an  eligible  method  of  lowering  and  eleva- 
ting boats  could  be  devifed,  without  the  affiftance  of 
water-locks.  Though  this  is  evidently  at  firft  view 
pradicable,  and  feveral  different  modes  of  doing  it 
have  been  fuggefted,  fome  of  which  have  adually  been 
carried  Into  effed,  yet  all  of  them  have  been  found  to 
be  attended  with  fuch  Inconvenience  as  to  render  an 
improvement  in  this  refped  ftill  neceffary. 

In  China,  where  water-carriage  is  more  generally 
C c 2 pradifed 


CaH*ls. 


Canals. 


CAN  [192]  CAN 


prafUfed  than  in  any  kingdom  of  Europe,  boats  are 
raifed  and  lowered  from  one  canal  into  another  by  Ai- 
ding them  along  an  inclined  plane  : but  the  contrivan- 
ces for  eflFeding  that  purpofe  are  fo  awkward,  and  fuch 
a number  of  hands  are  required,  that  it  has  in  general 
been  deemed  inexpedient  to  refort  to  that  mode  of  prac- 
tice in  Europe.  Several  devices  that  difcover  confi- 
derable  ingenuity,  however,  have  been  publiAied,  with 
a view  to  facilitate  this  operation  ; either  by  rendering 
the  motion  up  the  inclined  plane  more  equable,  or  pro- 
ducing a power  fufficient  to  move  thefe  great  weights. 
But  none  of  them  have  yet  been  fo  Ample  in  their  con- 
Aruflion  as  could  be  wiAied,  nor  have  they  afforded  fa- 
tisfadion  in  pradtice.  For  the  greater  part  of  them, 
likewife,  patents  have  been  granted  ; fo  that  whatever 
be  their  value,  no  engineer  could  avail  himfelf  of  them 
without  previouAy  purchafmg  a licence  from  the  pa- 
tentee. 

The  following  contrivance  for  this  purpofe  is  the  in- 
vention of  James  Anderfon,  LL.  D.  whofe  knowledge 
of  economics  is  well  known,  and  of  whofe  public  fpirit 
there  cannot  be  a doubt.  Inftead  of  applying  for  a 
patent,  to  fecure  to  himfelf  the  fruits  of  his  ingenuity, 
he  publiAied,  for  the  good  of  his  countrymen  in  gene- 
ral, his  device,  in  the  View  of  the  Agriculture  of  the 
County  of  Aberdeen,  which  he  drew  up  for  the  con- 
fideration  of  the  board  of  agriculture.  He  introduces 
it  to  public  notice  with  juAly  obferving,  that  it  pofTefTes 
at  leaft  the  merit  of  fimplicity,  in  as  high  a degree,  per- 
haps, as  could  be  wiAied  ; and,  “ in  the  opinion  (fays 
he)  of  very  good  judges  of  matters  of  this  fort,  to 
whom  the  plan  has  been  Aiewn,  it  has  been  deemed 
fully  adequate  to  the  purpofe  of  raifing  and  lowering 
boats  of  a moderate  Aze,  that  is  of  20  tons,  or  down- 
wards ; and  it  is  the  opinion  of  moft  men  with  whom  I 
have  converfed,  who  are  beA  acquainted  with  the  in- 
land navigations,  that  a boat  of  from  ro  to  15  tons  is 
better  than  thofe  of  a larger  Aze.  When  feveral  are 
wanted  to  be  fent  at  once,  they  may  be  afAxed  to  one 
another,  as  many  as  the  towAng-horfe  can  convenient- 
ly draw.  Were  boats  of  this  Aze  adopted,  and  were 
all  the  boats  on  one  canal  to  be  of  the  fame  dimenfions, 
it  would  prove  a great  convenience  to  a country  in  a 
ftate  of  beginning  improvements ; becaufe  the  expence 
of  fuch  a boat  would  be  fo  triAing,  that  every  farmer 
could  have  one  for  himfelf,  and  might  of  courfe  make 
ufe  of  it  when  he  pleafed,  by  the  aid  of  his  own  horfe, 
without  being  obliged  to  have  any  dependence  on  the 
time  that  might  fuit  the  convenience  of  his  neighbour  ; 
and  if  two  or  more  boats  were  going  from  the  fame 
neighbourhood,  one  horfe  could  ferve  the  whole. 

“ You  are  to  fuppofe  that  Ag.  2.  (Plate  VII.)  re- 
prefents  a bird’s-eye  view  of  this  Ample  apparatus,  as 
feen  from  above.  A is  fuppofed  to  be  the  upper  reach 
of  the  canal,  and  B the  lower  reach,  wuth  the  appara- 
tus between  the  twm.  This  confiAs  of  three  diviAons  ; 
the  middle  one,  extending  from  C to  D,  is  a folid  piece 
of  mafonry,  raifed  from  a Arm  foundation  below  the 
level  of  the  bottom  of  the  fecond  reach ; this  is  again 
divided  into  Ave  parts,  viz.  d d d,  where  the  wall  rlfes 
only  to  the  height  of  the  water  in  the  upper  reach,  and 
ee^  two  pillars,  raifed  high  enough  to  fupport  the  pivots 
of  a wheel  or  pulley  g,  placed  in  the  poAtion  there 
marked. 

“ The  fecond  diviAon  h conAAs  of  a wooden  coffer. 


of  the  fame  depth  nearly  as  the  water  in  the  upper 
reach,  and  of  a Aze  exadily  Atted  to  contain  one  of  the 
boats.  This  communicates  diredly  with  the  upper 
reach,  and  being  upon  the  fame  plane  wAth  it,  and  fo 
connedled  with  it  as  to  be  water-tight,  it  is  evident 
from  infpedtion,  that  nothing  can  be  more  eafy  than  to 
Aoat  a boat  into  this  coffer  from  the  upper  reach ; the 
part  of  the  wheel  that  projedls  over  it  being  at  a fuf- 
Acient  height  above  it,  fo  as  to  occafion  no  fort  of  in- 
terruption. 

“ Third  diviAon.  At  i is  reprefented  another  cof- 
fer, precifely  of  the  fame  dimenfions  with  the  ArA.  But 
here  two  Auices,  which  were  open  in  the  former,  and 
only  reprefented  by  dotted  lines,  are  fuppofed  to  be 
Aiut,  fo  as  to  cut  off  all  communication  between  the 
water  in  the  canal  and  that  in  the  coffer.  As  it  was 
impoffible  to  reprefent  this  part  of  the  apparatus  on  fo 
fmall  a fcale,  for  the  fake  of  illuAration  it  is  reprefent- 
ed more  at  large  in  Ag.  5.  where  A,  as  before,  repre- 
fents  the  upper  reach  of  the  canal,  and  h one  of  the 
coffers.  The  Auice  k goes  into  two  cheeks  of  wood, 
joined  to  the  mafonry  of  the  dam  of  the  canal,  fo  as  to 
At  perfedlly  clofe ; and  the  Auice  f Ats,  equally  clofe, 
into  cheeks  made  in  the  Ade  of  the  coffer  for  that  pur- 
pofe ; between  thefe  two  Auices  is  a fmall  fpace  0. 
The  coffer,  and  this  diviAon  0,  are  to  be  fuppofed  full 
of  water,  and  it  will  be  eafy  to  fee  that  thefe  Auices 
may  be  let  down,  or  drawn  up  at  pleafure,  with  much 
facility. 
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“ Fig.  6.  reprefents  a perpendicular  feflion  of  thefe 
parts  in  the  fame  diredtion  as  in  Ag.  5.  and  in  which 
the  fame  letters  reprefent  the  fame  parts. 

“ Things  being  thus  arranged,  you  are  to  fuppofe 
the  coffer  h to  be  fufpended,  by  means  of  a chain  paffed 
over  the  pulley,  and  balanced  by  a weight  that  is  fuffi- 
cient to  counterpoife  it,  fufpended  at  the  oppoAte  end 
of  the  chain.  Suppofe,  then,  that  the  counterpoife  be 
made  fomewhat  lighter  than  the  coffer  with  its  con- 
tents, and  that  the  line  m n (Ag.  6.  ) reprefents  a divi- 
Aon between  the  folid  fides  of  the  dam  of  feparation, 
which  terminates  the  upper  reach,  and  the  wooden  cof- 
fer, which  had  been  clofed  only  by  the  preffure  of  its 
own  weight  (being  puAied  a very  little  from  A towards 
B,  beyond  its  precife  perpendicular  fwing),  and  that 
the  joining  all  round  is  covered  with  lifts  of  cloth  put 
upon  it  for  that  purpofe;  it  is  evident  that,  fo  long  as 
the  coffer  is  fufpended  to  this  height,  the  joining  muA 
be  water-tight ; but  no  fooner  is  it  lowered  down  a lit- 
tle than  this  joining  opens,  the  water  in  the  fmall  divi- 
Aon 0 is  allowed  to  run  out,  and  an  entire  feparation  is 
made  between  the  Axed  dam  and  this  move.able  coffer, 
which  may  be  lowered  down  at  pleafure  without  lofmg 
any  part  of  the  water  it  contained. 

“ Suppofe  the  coffer  now  perfecAly  detached,  turn 
to  Ag.  3.  which  reprefents  a perpendicular  fe6Hon  of 
this  apparatus,  in  the  diredion  of  the  dotted  line p p 
(Ag.  2.).  In  Ag.  3.  ^ reprefents  an  end  view  of  the 
coffer,  indicated  by  the  fame  letter  as  in  Ag.  2.  fufpend- 
ed by  its  chain,  and  now  perfedly  detached  from  all 
other  objeds,  and  balanced  by  a counterpoife  i,  which 
is  another  coffer  exadly  of  the  fame  Aze,  as  low  down 
as  the  level  of  the  lower  reach.  From  infpedion  only 
it  is  evident,  that,  in  proportion  as  the  one  of  thefe 
weights  rifes,  the  other  muA  defcend.  For  the  pre- 
fent,  then,  fuppofe  that  the  coffer  h is  by  fome  means 

rendered 
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1 Canals,  rendered  more  weighty  than  i,  it  Is  plain  It  will  de- 
fcend  while  the  other  rifes ; and  they  will  thus  conti- 
nue till  h comes  dowm  to  the  level  of  the  lower  reach, 
and  2 rifes  to  the  level  of  the  higher  one. 

“ Fig.  4.  reprefents  a fe£Hon  in  the  direftion  A B 
(fig.  2.),  in  which  the  coffer  i (feen  in  both  fituations) 
is  fuppofed  to  have  been  gradually  raifed  from  the  level 
of  the  lower  reach  B,  to  that  of  the  higher  A,  where 
it  now  remains  ffationary ; while  the  coffer  h (which  is 
concealed  behind  the  mafonry)  has  defcended  In  the 
mean  time  to  the  level  of  the  lower  reach,  where  it 
clofes  by  means  of  the  jundure  r s,  fig.  6.  (which 
jundure  is  covered  with  lifts  of  cloth,  as  before  explain- 
ed at  m n,  and  is  of  courfe  become  water-tight,)  when, 
by  lifting  the  fluice  /,  and  the  correfponding  fluice  at 
the  end  of  the  canal,  a perfed  communication  by  wa- 
ter is  eftablifhed  between  them.  If,  then,  inftead  of 
water  only,  this  coffer  had  contained  a boat,  floated  in- 
to it  from  the  upper  reach,  and  then  lowered  down,  it 
is  very  plain,  that  when  thefe  fluices  were  removed,  af- 
ter it  had  reached  the  level  of  the  lower  reach,  that 
boat  might  have  been  floated  out  of  the  coffer  with  as 
much  facility  as  it  was  let  into  it  above.  Here  then 
we  have  a boat  taken  from  the  higher  into  the  lower  ca- 
nal ; and,  by  reverfing  this  movement,  it  is  very  obvi- 
ous  that  it  might  be,  with  equal  eafe,  raifed  from  the 
lower  into  the  higher  one.  It  now  only  remains  that  I 
, fhould  explain  by  what  means  the  equilibrium  between 

' thefe  counter-balancing  weights  can  be  deftroyed  at 

pleafure,  and  the  motion  of  courfe  produced. 

“ It  is  very  evident,  that  if  the  two  correfponding 
coffers  be  precifely  of  the  fame  dimenfions,  their  v/eight 
will  be  exadly  the  fame  when  they  are  both  filled  to 
the  fame  depth  of  water.  It  is  equally  plain,  that 
fhould  a boat  be  floated  into  either  or  both  of  them, 
whatever  its  dimenfions  or  weight  may  be,  fo  that  it 
can  be  contained  afloat  in  the  coffer,  the  weight  of  the 
coffer  and  its  contents  will  continue  precifely  the  fame 
as  when  it  was  filled  with  water  only:  hence,  then, 
fuppofing  one  boat  Is  to  be  lowered,  or  one  to  be  raifed 
at  a time,  or  fuppofing  one  to  be  raifed  and  another 
lowered  at  the  fame  time — they  remain  perfedlly  in 
equilibrium  in  cither  place,  till  it  is  your  pleafure  to 
deftroy  that  equilibrium.  Suppofe  then,  for  the  pre- 
fent,  that  both  coffers  are  loaded  with  a boat  in  each, 
the  double  fluices  both  above  and  below  clofed  ; and 
fuppofe  alfo  that  a ftop-cock  u,  in  the  under  edge  of 
the  fide  of  the  lower  coffer  (fig.  4.  and  6.),  is  opened, 
forae  of  the  water  which  ferved  to  float  the  boat  in  the 
coffer  will  flow  out  of  it,  and  confequently  that  coffer 
will  become  lighter  than  the  higher  one  ; the  upper 
coffer  will  of  courfe  defcend,  while  the  other  mounts 
upwards.  When  a gentle  motion  has  been  thus  commu- 
nicated, it  may  be  prevented  from  accelerating,  mere- 
• ly  by  turning  the  ftop  cock  fo  as  to  prevent  the  lofs 
of  more  water,  and  thus  one  coffer  will  continue  to 
afcend,  and  the  other  to  defcend,  till  they  have  affumed 
their  ftations  refpedtively ; when,  in  confequence  of  a 
ftop  below,  and  another  above,  they  are  rendered  fta- 
tionary  at  the  level  of  the  refpedive  canals  (a). 
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“ Precifely  the  fame  effedt  will  be  produced  when  the 
coffers  are  filled  entirely  with  water. 

“ It  is  unneceffary  to  add  more  to  this  explanation, 
except  to  obferve,  that  the  fpace  for  the  coffer  to  de- 
fcend into  muft  be  deeper  than  the  bottom  of  the  lower 
canal,  in  order  to  allow  a free  defcent  for  the  coffer  to 
the  requiute  depth ; and  of  courfe  it  will  be  neceffary 
to  have  a fmall  conduit  to  allow  the  water  to  get  out  of 
it.  Two  or  three  inches  free,  below  the  bottom  of  the 
canal,  is  all  that  would  be  neceffary. 

“ Where  the  height  is  inconfiderable,  there  will  be 
no  occafion  for  providing  any  counterpoife  for  the 
chain,  as  that  will  give  only  a fmall  addition  to  the 
weight  of  the  undermoft  coffer,  fo  as  to  make  it  pre- 
ponderate, in  circumftances  where  the  two  coffers 
would  otherwife  be  in  perfedl  equilibrium  : but,  where 
the  height  is  confiderable,  there  will  be  a neceftity  for 
providing  fuch  a counterpoife  ; as,  without  it,  the  chain 
by  becoming  more  weighty  every  foot  it  defcended, 
would  tend  to  deftroy  the  equilibrium  too  much,  and 
accelerate  the  motion  to  an  inconvenient  degree.  To 
guard  againft  this  inconvenience,  let  a chain  of  the  fame 
weight,  per  foot,  be  appended  at  the  bottom  of  each 
coffej-,  of  fuch  a length  as  to  reach  within  a few  yards 
of  the  ground  where  the  coffer  is  at  its  greateft  height 
(fee  fig.  3.);  it  will  a<ft  with  its  whole  weight  upon 
the  higheft  coffer  while  in  this  pufition  ; but,  as  that 
gradually  defcended,  the  chain  would  reach  the  ground, 
and,  being  there  fupported,  its  weight  would  be  di- 
minilhed  in  proportion  to  its  defcent ; while  the  weight 
of  the  chain  on  the  oppofite  fide  would  be  augmented 
in  the  fame  proportion,  fo  as  to  counterpoife  each  other 
exadtly,  in  every  fituation,  until  the  uppermoft  chain 
was  raifed  from  the  ground.  After  which  it  would 
increafe  its  weight  no  more  ; and,  of  courfe,  would  then 
give  the  under  coffer  that  preponderance  which  is  ne- 
ceffary for  preferving  the  machine  fteady.  The  under 
coffer,  when  it  reached  its  loweft  pofition,  would  touch 
the  bottom  on  its  edges,  which  would  then  fupport  it, 
and  keep  every  thing  in  the  fame  pofition,  till  it  was 
made  lighter  for  the  purpofe  of  afcending. 

“ What  conftitutes  one  particular  excellence  of  the 
apparatus  here  propofed  is,  that  It  is  not  only  unlimited 
as  to  the  extent  of  the  rife  or  depreflion  of  which  it 
is  fufceptible  (for  it  would  not  require  the  expendi- 
ture of  one  drop  more  water  to  lower  it  one  hundred 
feet  than  one  foot)  ; but  it  would  alfo  be  eafy  fo  to 
augment  the  number  of  pulleys  at  any  one  place  as  to 
admit  of  two,  three,  four,  or  any  greater  number  of 
boats  being  lowered  or  elevated  at  the  fame  time  ; fo 
that  let  the  fucceffion  of  boats  on  fuch  a canal  be  near- 
ly as  rapid  as  that  of  carriages  upon  a highway,  none 
of  them  need  be  delayed  one  moment  to  wait  an  op- 
portunity of  paffing  ; a thing  that  is  totally  impradi- 
cable  where  water-locks  are  employed  ; for  the  inter- 
courfe,  on  every  canal  conftrufled  with  water-locks,  is 
neceffarily  limited  to  a certain  degree,  beyond  which 
it  is  impoffible  to  force  it. 

“ For  example  ; fuppofe  a hundred  boats  are  follow- 
ing each  other,  in  fuch  a rapid  fucceffion  as  to  be  only 
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(a)  “ It  does  not  feem  neceffary  to  adopt  any  other  contrivance  than  the  above  for  regulating  the  motions  ; 
but  if  it  fhould  be  found  neceffary,  it  would  be  eafy  to  put  a ratch-wheel  on  the  fame  axle* 
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half  a minute  behind  each  other:  B7  the  apparatus 
heie  propofed,  they  would  all  be  elevated  precifely  as 
they  came  ; in  the  other,  let  it  be  fuppofed  that  the 
lock  is  fo  w’ell  conftruded  as  that  it  takes  no  more  than 
five  minutes  to  clofe  and  open  it  ; that  is,  ten  minutes 
in  the  whole  to  each  boat  (for  the  lock,  being  once 
filled,  muft  be  again  emptied  before  it  can  receive  ano- 
ther in  the  fame  direction)  : at  this  rate,  fix  boats  only 
could  be  palfed  in  an  hour,  and  of  courfe  it  would  take 
fixteen  hours  and  forty  minutes  to  pafs  the  whole  hun- 
dred ; and  as  the  laft  boat  would  reach  the  lock  in  the 
fpace  of  fifty  minutes  after  the  firPe,  it  would  be  detain- 
ed fifteen  hours  and  fifty  minutes  before  its  turn  would 
come  to  he  raifed.  This  is  an  immenfe  detention  ; but 
if  a fucceflion  of  boats,  at  the  fame  rate,  were  to  follow 
continually,  they  never  could  pafs  at  all.  In  fhort,  in 
a canal  conftrufted  with  water-locks,  not  more  than  fix 
boats,  on  an  average,  can  be  paifed  in  an  hour,  fo  that 
beyond  that  extent  all  commerce  mull  be  Hopped  ; but, 
of  the  plan  here  propofed,  fixty,  or  fix  hundred,  might 
be  palled  in  an  hour  if  necelTary,  fo  as  to  occallon  no 
fort  of  interruption  whatever.  Thefe  are  advantages 
of  a very  important  nature,  and  ought  not  to  be  over- 
looked in  a commercial  country. 

“ This  apparatus  might  be  employed  for  innume- 
rable other  ufes  as  a moving  power,  which  it  would  be 
foreign  to  our  prefent  purpofe  here  to  fpecify.  Nor 
does  its  power  admit  of  any  limitation,  but  that  of  the 
ftrength  of  the  chain,  ami  of  the  coffers  which  are  to 
fupport  the  weights.  All  the  other  parts  admit  of 
being  made  fo  immoveably  firm  as  to  be  capable  of  fup- 
porting  almcfl:  any  affignable  w-eight. 

“ I will  not  enlarge  on  the  benefits  that  may  be  deriv- 
ed from  this  very  fimple  apparatus  : its  cheapnefs,  when 
compared  with  any  other  mode  of  raifmg  and  lowering 
velfels  that  has  ever  yet  been  pradifed,  is  very  obvious  ; 
the  wade  of  water  it  would  occafion  is  next  to  nothing  ; 
and  when  it  is  confidered  that  a boat  might  be  raifed 
or  lowered  fifty  feet  nearly  with  the  fame  eafe  as  five, 
it  is  evident  that  the  interruptions  which  arife  from 
frequent  locks  would  be  avoided,  and  an  immenfe  fa- 
ving  be  made  in  the  original  expence  of  the  canal,  and 
in  the  annual  repairs. 

“ It  is  alfo  evident,  that  an  apparatus,  on  the  fame 
principle  might  be  eafily  applied  for  raifing  coals  or 
metals  from  a great  depth  in  mines,  W’herever  a very 
fmall  ftreamof  water  could  be  commanded,  and  where 
the  mine  was  level-free.” 

CANANDAQUA,  a pod  town,  lake,  and  creek, 
in  Ontario  co.  New-York.  It  is  the  (hire  town  of  the 
CO.  fuuated  on  the  N.  end  of  the  lake  of  the  fame  name, 
at  its  outlet  into  Canandaqua  creek.  The  lake  is  about 
20  miles  long  and  3 broad,  and  fends  its  waters  in  a 
N.  eadward  and  eadward  courfe  35  miles  to  Seneca 
River.  This  is  the  feite  of  an  ancient  Indian  town  of 
the  fame  name,  and  Hands  on  the  road  from  Albany 
to  Niagara,  22  miles  E.  from  Hartford  in  Geneffee  Ri- 
ver ; 16  miles  W.  of  Geneva,  and  235  miles  N.  W, 
from  New-York  city,  meafuring  in  a draight  line,  and 
340  by  Albany  road.  This  fettlement  was  begun  by 
Meffrs.  Gorham  and  Phelps,  and  is  now  in  a flouriOi- 
ing  date.  There  are  about  30  or  40  houfes,  fituated 
on  a pleafant  dope  from  the  lake ; and  the  adjoining 
farms  are  under  good  cultivation.  By  the  date  cenfus 


of  1796,  It  appears  there  are  291  electors  In  this  town-  Canary 
ftiip. — Morse. 

CANARY-BIRD,  of  which  a defeription  is  given  in 
the  Encyclopedia,  was  not  known  In  Europe  till  to- 
wards the  end  of  the  15th  century.  Even  in  15551 
Bellon,  wEo  about  that  time  deferibed  all  the  birds 
then  known,  does  not  fo  much  as  mention  it.  When 
it  was  fird  brought  from  the  Canary  Iflands,  it  was  fo 
dear  that  it  could  be  purchafed  only  by  people  of  for- 
tune, who  were  often  impofed  upon.  It  was  called  the 
fugar-bird,  becaufe  it  was  faid  to  be  fond  of  the  fug  ir- 
cane,  and  could  eat  fugar  in  great  abundance.  This  is 
rather  a fmgular  circumdance,  fugar  being  to  many 
fowls  a podbn.  Experiments  have  fhewn,  that  a pi- 
geon, to  which  four  drams  of  fugar  was  given,  died  in 
four  hours ; and  that  a duck,  which  had  fwallowed 
five  drams,  did  not  live  feven  hours. 

In  the  middle  of  the  lad  century  canary-birds  began 
to  be  bred  In  Europe  ; and  to  this  the  following  cir- 
cumdance, related  by  Olina,  feems  to  have  given  occa.- 
fion  : “ A veffel  which,  among  other  commodities,  was 
carrying  a number  of  canary  birds  to  Leghorn,  was 
wrecked  on  the  coad  of  Italy  ; and  thefe  birds  being 
thus  fet  at  liberty,  flew  to  the  neared  land,  which  was 
the  Ifland  of  Elba,  where  they  found  the  climate  fo  fa- 
vourable, that  they  multiplied,  and  perhaps  would  have 
become  domedicated,  had  they  not  been  caught  in 
fnares ; for  it  appears  that  the  breed  of  them  there  has 
been  long  dedroyed.  Olina  fays,  that  the  breed  foon 
degenerated  ; but  it  is  probable,  that  by  much  the 
greater  part  of  thefe  canary-birds  were  males,  which 
coupling  with  birds  of  the  idand,  produced  mules,  fuch 
as  are  deferibed  by  Gefner  and  other  naturailds.” 

“ Various  treatifes  have  been  publidied  in  different 
languages  on  the  manner  of  breeding  thefe  birds,  and 
many  people  have.rqade  it  a trade,  by  which  they  have 
acquired  confiderable  gain.  It  does  no  diferedit  to  the 
indudry  of  the  Tyrolians,  that  they  have  carried  it  to 
the  greated  extent.  At  Ymd  there  is  a company, 
who,  after  the  breeding  feafon  is  over,  fend  out  perfons 
to  different  parts  of  Germany  and  Switzerland  to  pur- 
chafe  birds  from  thofe  who  breed  them.  Each  perfon 
brings  with  him  commonly  from  three  to  four  hundred, 
which  are  afterwards  carried  for  fale,  not  only  through 
every  part  of  Germany,  but  alfo  to  England,  Ruffia, 
and  even  Condantinople.  About  dxteen  hundred  are 
brought  every  year  to  England  ; where  the  dealers  in 
them,  notwithdanding  the  confiderable  expence  they 
are  at,  and  after  carrying  them  about  on  their  backs, 
perhaps  a hundred  miles,  fell  them  for  five  (hillings  a 
piece.  This  trade,  hitherto  regleded,  is  now  carried 
on  in  Schwarzwalde  ; and  at  prefent  there  Is  a citizen  at 
Gottingen  who  takes  with  him  every  year  to  England 
feveral  canary-birds  and  bulfinches  (loxia  pyrrhula)^ 
with  the  produce  of  which  he  purchafes  fuch  fmall 
wares  as  he  has  occafion  for.” — Profsjfor  Beckmann's 
Hrjioty  of  Inventions  and  Difeoveries. 

CA^'ARr-Seed.  See  Phalaris,  Encycl. — Profeffor 
Beckmann  doubts  whether  the  plant  which  bears  the 
canary-feed  be  the  phalaris  of  the  ancients,  becaufe  that 
name  feems  to  have  been  given  by  Pliny  to  more  than 
one  fpecies  of  grafs.  He  thinks  it  very  probable,  how- 
ever, that  the  plant  which  the  modern  botanids  call 
phalaris  was  fird  brought  froi;n  the  Canary  Iflands  to 
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Candle.  Spain,  where  it  began  to  be  cultivated,  as  well  as  in  the 
fouth  of  France,  as  foon  as  canary-birds  came  into  ge- 
neral efteem.  At  prefent  it  is  cultivated  in  various 
places,  and  forms  no  inconfiderable  branch  of  trade, 
particularly  in  the  ifland  of  Sicily,  where  it  is  called 
Scaglimla  or  Scaghiola.  Were  it  not  that  the  grains  are 
not  eafily  freed  from  the  hufas,  this  plant  might  be  cul- 
tivated for  the  food  of  man,  for  its  feeds  yield  a good 
kind  of  meal.  The  phalarishas  by  feveral  writers  been 
confounded  with  argol  or  the  lichen  rocolia  of  Linnaeus  ; 
but  they  are  very  dilferent  plants.  See  Lichen  Ro- 
■eolla  in  this  Supplement. 

CANDLE,  a thing  fo  univerfally  known  as  to  need 
no  particular  defcription.  Its  ufe,  however,  is  fo  great, 
that  every  information  tending  to  its  improvement 
muft,  we  Ihould  think,  be  acceptable  to  our  readers.  Of 
the  common  method  of  making  candles,  whether  of 
wax  or  of  tallow,  a fufficient  account  has  been  given  in 
the  Encyclopoedia ; but  candles  of  every  kind  are  far 
from  being  yet  brought  to  that  degree  of  perfeflion  of 
which  they  feem  fufceptible.  I’hus,  for  example,  the 
light  of  a candle,  w’hich  is  fo  exceedingly  brilliant  when 
firft  fnuffed,  is  very  fpeedily  diminiflied  to  one-half,  and 
is  ufually  not  more  than  one-fifth  or  one-fixth,  before 
the  uneafinefs  of  the  eye  induces  us  to  fnuffit.  Flence 
it  follows,  that  if  candles  could  be  made  fo  as  not  to  re- 
quire fnufSng,  the  average  quantity  of  light  afforded 
by  the  fame  quantity  of  combuftible  matter  would  be 
more  than  doubled.  It  may  likevvife  be  worthy  of  in- 
quiry, fince  the  eoft  and  duration  of  candles  are  eafily 
afcertainable,  whether  more  or  lefs  light  is  obtained  at 
the  fame  expence  during  a given  time,  by  burning  a 
number  of  fmall  candles  inftead  of  one  of  greater  thick- 
nefs. 

To  determine  this  laft  point,  a method  muft  be  found 
of  meafuring  the  comparative  intcnfities  of  light,  for 
which  fee  Photometer  in  this  Supplement.  With 
refpeft  to  the  defideratum  firft  mentioned,  we  have 
fome  very  ingenious  obfervations  and  well-contrived  ex- 
periments by  Mr  Nicholfon,  in  the  fecond  number  of 
his  valuable  Journal,  which  we  (hall  here  infert  nearly 
in  the  words  of  their  author. 

In  every  procefs  of  combuftion  the  free  accefs  of  air 
is  of  the  utmoft  confequence.  When  a candle  has  a 
very  flender  wick,  the  flame  is  fmall  and  of  a brilliant 
white  colour;  if  the  wick  be  large,  the  combuftion  is 
lefs  perfedf,  and  tlie  flame  brown;  and  a wick  ftill  lar- 
ger, not  only  exhibits  a brown  flame,  but  the  lower  in- 
ternal part  appears  dark,  and  is  occupied  by  a portion 
of  volatilized  matter,  which  does  not  become  ignited  till 
it  has  afcended  towards  the  point.  When  the  wick  is 
either  very  large  or  very  long,  part  of  this  matter 
efcapes  combuftion,  and  fhews  itfelf  in  the  form  of  coal 
or  fmoke.  Tiie  fame  things  take  place  in  the  burning 
of  a lamp ; but  when  the  wick  of  a lamp  is  once  ad- 
jufted  as  to  its  length,  the  flame  continues  nearly  in  the 
lame  ftate  for  a much  longer  time  than  the  flame  of  a 
candle. 

“ Upcn  comparing  a candle  with  a lamp  (fays  Mr 
Nicholfon),  two  very  remarkable  particulars  are  imme- 
diately feen.  In  the  flrft  place,  the  tallow  itfelf,  which 
remains  in  the  unfufed  ftate,  affords  a cup  or  cavity  to 
hold  that  portion  of  melted  tallow  which  is  ready  to 
flow  into  the  lighted  part  of  the  wick.  In  the  fecond 
place,  the  combuftion,  inftead  of  being  confined,  as  in 


the  lamp,  to  a certain  determinate  portion  of  the  fibrous 
matter,  is  carried,  by  a flow  fucceffion,  through  the 
whole  length.  Hence  arifes  the  greater  neceffity  for 
frequent  fnuffing  the  candle  ; and  hence  alfo  the  Ration 
of  the  freezing  point  of  the  fat  oil  becomes  of  great 
confequence.  For  it  has  been  fhewn,  that  the  bril- 
liancy of  the  flame  depends  very  much  on  the  diameter 
of  the  v/ick  being  as  fmall  as  poffible  ; and  this  requi- 
fite  will  be  moft  attainable  in  candles  formed  of  a mate- 
rial that  requires  a higher  degree  of  heat  to  fufe  it. 
The  wick  of  a tallow  candle  muft  be  made  thicker  in 
proportion  to  the  greater  fufibility  of  the  material, 
which  would  ctherwife  melt  the  fides  of  the  cup,  and 
run  over  in  ftreams.  The  flame  will  therefore  be  yel- 
low, fmoky,  and  obfcure,  excepting  for  a fliort  time 
immediately  after  fnuffing.  Tallow  melts  at  the  gad 
degree  of  Fahrenheit’s  thermometer  ; fpermaceti  at  the 
133d  degree;  the  fatty  matter, formed  of  flefli,  after 
long  immerlion  in  water,  melts  at  127  degrees;  the 
of  the  Chincfe  at  145  degrees;  bees-wax  at  142 
degrees;  and  bleached  wax  at  155  degrees.  Two  of 
thefe  materials  are  well  known  In  the  fabrication  of  can- 
dles. Wax  in  particular  dees  not  afford  fo  brilliant  a 
flame  as  tallow ; bur,  on  account  of  its  lefs  fufibility, 
the  wick  can  be  made  fmaller,  which  not  only  affords 
the  advantage  of  a clear  perfed  flame,  but  from  its  flexi- 
bility it  is  difpofed  to  turn  on  one  fide,  and  come  in 
contad  with  the  external  air,  which  completely  burns 
the  extremity  of  the  wick  to  white  afhes,  and  thus  per- 
forms the  office  of  fnufirng.  We  fee  therefore  that  the 
important  objed  to  fociety  of  rendering  tallow  candles 
equal  to  thofe  of  wax,  does  not  at  all  depend  on  the 
combuftibility  of  the  refpedive  materials,  but  upon  a 
mechanical  advantage  in  the  cup,  which  is  afibrded  by 
the  inferior  degree  of  fufibility  in  the  wax;  and  that, 
to  obtain  this  valuable  objed,  one  of  the  following  ef- 
feds  muft  be  produced : Either  the  tallow  muff  be 
burned  in  a lamp,  to  avoid  the  gradual  progreffion  of 
the  flame  along  the  wick  ; or  fome  means  muft  be  de- 
vifed  to  enable  the  candle  to  fnuff  itfelf,  as  the  wax 
candle  does  ; or,  laflly,  the  tallow  itfelf  muft  be  render- 
ed lefs  fufible  by  fome  chemical  procefs.  I have  no 
great  reafon  to  boaft  of  ifiiccefs  in  the  endeavour  to  ef- 
fed  thefe  ; but  my  liope  is,  that  the  fads  and  obferva- 
tions here  reprefented  may  confiderably  abridge  the  la- 
bour of  others  in  the  fame  purfult. 

“ The  makers  of  thermometers  and  other  fmall  arti- 
cles  with  the  blow-pipe  and  lamp,  give  the  preference  to 
tallow  inftead  of  oil,  hecanfe  its  combuftion  is  more 
complete,  and  does  not  blacken  the  glafs.  In  this  ope- 
ration the  heat  of  the  lamp  melts  the  tallow  which  is 
occafionally  brought  into  its  vicinity  by  the  workman. 
But  for  the  uf'ual  purpoi'es  of  illumination,  it  cannot  be 
fuppofed  that  a perfon  can  attend  to  fupply  the  com- 
buftible matter.  Confiderable  difficulties  arife  in  the 
projed:  for  affording  this  gradual  fupply  as  it  may  be 
wanted.  A cylindrical  piece  of  tallow  was  inferted  in- 
to a metallic  tube,  the  upper  aperture  of  which  was 
partly  doled  by  a ring,  and  the  central  part  occupied 
by  a metallic  piece  nearly  refembling  that  part  of  the 
common  lamp  which  carries  the  wick.  In  this  appara- 
tus the  piece  laft  deferibed  was  intended  to  anfwer  the 
fame  purpofe,  and  was  provided  with  a fhort  wick. 
The  cylinder  of  tallow  was  fupported  beneath  in  fuch  a 
manner  that  the  metallic  tube  and  other  part  of  this 
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Candle,  lamp  were  left  to  reft  with  their  whole  weight  upon 
tJie  tallow  at  the  ring  or  contraflion  of  the  upper  aper- 
ture. In  this  fituation  the  lamp  was  lighted.  It  burn- 
ed for  fome  time  with  a very  bright  clear  flame,  w’hich, 
when  compared  w'ith  that  of  a candle,  poflefled  the  ad- 
vantage of  uniform  intenfuy,  and  was  much  fuperior  to 
the  ordinary  flame  of  a lamp  in  its  colour,  and  the  per- 
fedt  abfence  of  fmell.  After  fome  minutes  it  began  to 
decay,  and  very  foon  afterwards  w'ent  out.  Upon  exa- 
mination, it  was  found  that  the  metallic  piece  which 
carried  the  wick  had  fufed  a fufficient  quantity  of  tal- 
low for  the  fupply  during  the  combuftion  ; that  part  of 
this  tallow  had  flowed  beneath  the  ring,  and  to  other 
remote  parts  of  the  apparatus,  beyond  the  influence  of 
the  flame  ; in  confequence  of  which,  the  tube  and  the 
cylinder  of  tallow  were  faflened  together,  and  the  ex- 
peclcd  progreflaon  of  fupply  prevented.  It  feems  pro- 
bable, that  in  every  lamp  for  burning  confiftent  oils,  the 
material  ought  to  be  fo  difpofed  that  it  may  defeend  to 
the  flame  upon  the  principle  of  the  fountain  refervoir. 
I fhall  not  here  ftate  the  obftacles  which  prefent  them- 
felves  in  the  profpedt  of  this  conftrudtion,  but  lhall  dif- 
mifs  the  fubjedl  by  remarking,  that  a contrivance  of  thi^ 
nature  would  be  of  the  greateft  public  utility. 

“ The  wick  of  a candle  being  furrounded  by  the 
flame,  is  nearly  in  the  fituation  of  a body  expofed  to 
deftruftive  diftillation  in  a clofe  vefl'el.  After  lofing  its 
volatile  products,  the  carbonaceous  refidue  retains  its  fi- 
gure, until,  by  the  defeent  of  the  flame,  the  external 
air  can  have  accefs  to  its  upper  extremity.  But,  in  this 
cafe,  the  requifite  combuftion,  which  might  fnuff  it,  is 
not  effedted  : for  the  portion  of  oil  emitted  by  the 
long  wdek  is  not  only  too  large  to  be  perfedlly  burned, 
but  alfo  carries  off  much  of  the  heat  of  the  flame  while 
it  affnmes  the  elaftic  ftate.  By  this  diminifhed  com- 
buftion and  increafed  efflux  of  half-decompofed  oil,  a 
portion  of  coal  or  foot  is  depofited  on  the  upper  part  of 
the  wick,  w’hich  gradually  accumulates,  and  at  length 
afl'umes  the  appearance  of  a fungus.  The  candle  does 
not  then  give  more  than  one-tenth  of  the  light  emitted 
in  its  beft  ftate.  Hence  it  is  that  a candle  of  tallow 
cannot  fpontaneoufly  fnuff  itfelf.  It  was  not  probable 
that  the  addition  of  a fubftance  containing  vital  air  or 
oxygene  would  fupply  that  principle  at  the  precife  pe- 
riod of  time  required  ; but  as  experiment  is  the  teft  of 
every  probability  of  this  nature,  I foaked  a wick  of 
cotton  in  a folution  of  nitre,  then  dried  it,  and  made  a 
candle.  When  this  came  to  be  lighted,  nothing  re- 
markable happened  for  a fhort  time  ; at  the  expiration 
of  which  a decrepitation  followed  at  the  lower  extremi- 
ty of  the  flame,  which  completely  divided  the  wick 
where  the  blackened  part  commences.  The  whole  of 
the  matter  in  combuftion  therefore  fell  off,  and  the  can- 
dle was  of  courfe  inftantly  extinguiflied.  Whether  this 
v/ould  have  happened  in  all  proportions  of  the  fait  or 
conftrudtions  of  the  candle  I did  not  try,  becaufe  the 
fmell  of  azote  was  fufficiently  ftrong  and  unpleafant  to 
forbid  the  ufe  of  nitre  in  the  purfuit.  From  various 
confiderations  I am  difpofed  to  think  that  the  fponta- 
neous  fnufflng  of  candles  made  of  tallow,  or  other  fufi- 
ble  materials,  will  fcarcely  be  effedfed  but  by  the  difeo- 
very  of  fome  material  for  the  wick  which  fliall  be  volu- 
minous enough  to  abforb  the  tallow,  and  at  the  fame 
time  fufficiently  flexible  to  bend  on  one  fide. 

The  moft  promifing  fpeculation  refpedling  this  moft 


ufeful  article,  feems  to  diredl  itfelf  to  the  cup  which 
contains  the  melted  tallow.  The  imperfedtion  of  this 
part  has  already  been  noticed,  namely,  that  it  breaks 
down  by  fufion,  and  fuff’ers  its  fluid  contents  to  efcape. 
The  Chinefe  have  a kind  of  candle  about  half  an  inch 
in  diameter,  which,  in  the  harbour  of  Canton,  is  called 
a lobchoch ; but  whether  the  name  be  Chinefe,  or  the 
corruption  of  fome  European  word,  I am  ignorant. 
The  wick  is  of  cotton,  wrapped  round  a fmall  flick  or 
match  of  the  bamboo  cane.  The  body  of  the  candle  is 
white  tallow ; but  the  external  part,  to  the  thicknefs  of 
perhaps  one-thirtieth  of  an  inch,  confifts  of  a waxy 
matter  coloured  red.  This  covering  gives  a confider- 
able  degree  of  folidity  to  the  candle,  and  prevents  its 
guttering,  becaufe  lefs  fufible  than  the  tallow  itfelf.  I 
did  not  obferve  that  the  flick  in  the  middle  was  either 
advantageous  or  the  contrary  j and  as  I now  write  from 
the  recolleftiou  of  this  objeff  at  fo  remote  a period  as 
25  years  ago,  I can  only  conjetfture  that  it  might  be  of 
advantage  in  throwing  up  a lefs  quantity  of  oil  into  the 
flame  than  would  have  been  conveyed  by  a wick  of 
cotton  fufficiently  ftout  to  have  occupied  its  place  un- 
fupported  in  the  axis  of  the  candle. 

“ Many  years  ago  I made  a candle  in  imitation  of 
the  lobchock.  The  expedient  to  which  I had  recourfe 
confifted  in  adapting  the  wick  in  the  ufual  pewter 
mould  : wax  was  then  poured  in,  and  immediately  af- 
terw'ards  poured  out : the  film  of  wax  which  adhered 
to  the  inner  furface  of  the  mould  foon  became  cool,  and 
the  candle  was  completed  by  filling  the  mould  with  tal- 
low. When  it  was  drawn  out  it  was  found  to  be 
cracked  longitudinally  on  its  furface,  which  I attribut- 
ed to  the  contraiftion  of  the  wax,  by  cooling,  being 
greater  than  that  of  the  tallow.  At  prefent  1 think  it 
equally  probable  that  the  cracking  might  have  been 
occafioned  by  too  fudden  cooling  of  the  w^ax  before  the 
tallow  was  poured  in  ; but  other  avocations  prevented 
the  experiments  from  being  varied  and  repeated.  It  is 
probable  that  the  Chinefe  external  coating  may  not  be 
formed  of  pure  hard  bleached  wax. 

“ But  the  moft  decifive  remedy  for  the  imperfedlion 
of  this  cheapeft,  and  in  other  refpedfs  beft  material,  for 
candles,  would  undoubtedly  be  to  diminifh  its  fufibility. 
Various  fubftances  may  be  combined  with  tallow,  either 
in  the  diredf  or  indiredf  method.  In  the  latter  way, 
by  the  decompofition  of  foap,  a number  of  experiments 
were  made  by  Berthollet,  of  which  an  account  is  in- 
ferted  in  the  Memoirs  of  the  Academy  at  Paris  for  the 
year  1780,  and  copied  into  the  26th  volume  of  the 
journal  de  Phyjique,  None  of  thefe  point  diredtly  to 
the  prefent  objeft  ; befides  which,  it  is  probable  that 
the  foap  made  ufe  of  by  that  eminent  chemift  was  form- 
ed not  of  tallow,  but  oil.  I am  not  aware  of  any  re- 
gular feries  of  experiments  concerning  the  mutual  ac- 
tion of  fat  oils  and  other  chemical  agents,  more  efpe- 
cially  fuch  as  may  be  direfled  to  this  important  objeft 
of  diminiftiing  its  folubility ; for  which  reafon  I fhall 
mention  a few  experiments  made  with  this  view. 

I.  Tallow  was  melted  in  a fmall  filver  veffel.  Solid 
tallow  finks  in  the  fluid,  and  diffolves  without  any  re- 
markable appearance.  2.  Gum  fandarach  in  tears  was 
not  diffolved,  but  emitted  bubbles,  fwelled  up,  became 
brown,  emitted  fumes,  and  became  crifp  or  friable.  No 
folution  nor  improvement  of  the  tallow.  3.  Shell-lac 
fwelled  up  with  bubbles,  and  was  more  perfectly  fufed 
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Cnndle  than  the  gum  fandarach  in  the  former  experiment. 

II  When  the  tallow  was  poured  off,  it  was  thought  to 
Caniade-  congeal  rather  more  fpeedily.  The  lac  did  not  appear 
to  be  altered.  4.  Benzoin  bubbled  without  much  fwel- 
ling,  was  fufed,  and  emitted  fumes  of  an  agreeable  fmell, 
though  not  refembling  the  flowers  of  benzoin.  A flight 
or  partial  folution  feemed  to  take  place.  The  benzoin 
was  fofter  and  of  a darker  colour  than  before,  and  the 
tallow  lefs  conflftent.  5.  Common  refin  unites  very 
readily  with  melted  tallow,  and  forms  a more  fufible 
compound  than  the  tallow  itfelf.  6.  Camphor  melts 
eafilyin  tallow,  without  altering  its  appearance.  When 
the  tallow  is  near  boiling,  camphoric  fumes  fly  off. 
The  compound  appeared  more  fufible  than  tallow. 
7.  The  acid  or  flowers  of  benzoin  diflblves  in  great 
quantities  without  any  ebullition  or  commotion.  Much 
fmoke  arifes  from  the  compound,  which  does  not  fmell 
like  tlie  acid  of  benzoin.  Tallow  alone  does  not  fume 
at  a low  heat,  though  it  emits  a fmell  fomething  like 
that  of  oil  olive.  When  the  proportion  of  the  acid  was 
confiderable,  fmall  needled  cryflals  appeared  as  the  tem- 
perature diminifhed.  The  appearances  of  feparation  are 
different  according  to  the  quantity  of  acid.  The  com- 
pound has  the  hardnefs  and  conflftence  of  firm  foap, 
and  is  partially  tranfparent.  8.  Vitriolated  tartar,  ni- 
tre, white  fugar,  cream  of  tartar,  cryftallized  borax, 
and  the  fait  fold  in  the  markets  under  the  name  of  fait 
of  lemons,  but  which  is  fuppofed  to  be  the  effential  fait 
of  forrel,  or  vegetable  alkali  fuperfaturated  with  acid  of 
fugar,  were  refpeftively  tried  without  any  obvious  mu- 
tual addon  or  change  of  properties  in  the  tallow.  9. 
Calcined  magnefia  rendered  tallow  opaque  and  turbid, 
but  did  not  feem  to  dilTolve.  Its  effedt  refembled  that 
of  lime. 

“ It  is  propofed  to  try  the  oxygenated  acetous  acid, 
or  radical  vinegar  ; the  acid  of  ants,  of  fugar,  of  borax, 
of  galls,  the  tanning  principle,  the  ferous  and  gelatinous 
animal  matter,  the  fecula  of  vegetables,  vegetable  glu- 
ten, bird-lime,  and  other  principles,  either  by  diredl  or 
indiredt  application.  The  objedt,  in  a commercial  point 
of  view,  is  entitled  to  an  extenfive  and  affiduous  invefti- 
gation.  Chemifts  in  general  fuppofe  the  hardnefs  or 
lefs  fufibility  of  wax  to  arife  from  oxygen  ; and  to  this 
objedl  it  may  perhaps  be  advantageous  to  diredt  a cer- 
tain portion  of  the  inquiry.  The  metallic  falts  and  cal- 
ces are  the  combinations  from  which  this  principle  is 
moft  commonly  obtained  ; but  the  combinations  of  thefe 
with  fat  oils  have  hitherto  afforded  little  promife  of  the 
improvement  here  fought.  The  fubjedl  is,  however,  fo 
little  known,  that  experiments  of  the  loofeft  and  moft 
conjedlural  kind  are  % no  means  to  be  defpifed.” 

Tlius  far  Mr  Nicholfon ; but  it  is  probable  that  ma- 
ny of  the  advantages  which  he  propofes  by  thefe  mix- 
tures might  be  obtained  merely  by  purifying  the  tallow, 
and  keeping  it  in  that  ftate  for  a long  time  expofed  to 
the  air  before  it  be  formed  into  candles.  It  is  certain 
that  tallow  is  rendered  more  difficult  of  fufion  by  age  ; 
and  this  is  the  foie  reafon  that  old  candles  are  lefs  apt 
to  run,  and  therefore  more  valuable  than  fuch  as  have 
been  lately  made. 

CANIADERAGO,  a lake  in  Otfego  co.  New-York, 
nearly  as  large  as  Otfego  lake,  and  6 miles  W.  of  it. 
A dream  called  Oaks  Creek  iffues  from  it,  and  fails 
into  Sufquehanna  River  about  5 miles  below  Otfego. 
SupjL.  VoL.  I. 


The  bed  cheefe  in  the  ftate  is  fald  to  be  made  on  this  Ciumarcs 
creek. — Morse.  II 


CANNARES,  Indians  of  the  province  of  Quito,  in 
Peru.  'I’hey  are  very  well  made,  and  very  adive ; 
they  wear  their  hair  long,  which  they  weave  and  bind 
about  their  heads,  inform  of  a crown.  Their  clothes 
are  made  of  wool  or  cotton,  and  they  wear  fine  fafhi- 
oned  boots.  Their  women  are  handfome,  and  fond  of 
the  Spaniards ; they  generally  till  and  manure  the 
ground,  whilft  their  hufbands  at  home,  card,  fpin,  and 
weave  wool  and  cotton.  Their  country  had  many  rich 
gold  mines,  now  drained  by  the  Spaniards.  The  land 
bears  good  wheat  and  barley,  and  has  fine  vineyards. 
The  magnificent  palace  of  Theoniabamha  was  in  the 
country  of  the  Cannares. — ib. 

CANNAVERAL,  CAPE,  the  extreme  point  of 
rocks  on  the  E.  fide  of  the  peninfula  of  E.  Florida. 
It  has  Mofquitos  Inlet  N.  by  W.  and  a large  fhoal  S. 
by  E.  This  was  the  bounds  of  Carolina  by  charter 
from  Charles  II.  N.  lat.  28  35.  W.  long,  81.  9. — ib. 

CANONGOES,  in  Bengal,  are  the  regifters  of  land 
and  hereditary  expounders  of  the  ufages  of  the  country. 
They  have  their  officers  and  deputies  everywhere;  they 
are  not  liable  to  removal ; and  all  papers  attefted  by 
them  are  received  as  authentic  and  decifive,  in  all  dif- 
putes  relative  to  lands  and  th^^iV  boundaries.  See  Sir 
Charles  Roufe  Boughton’s  Dijj'ertalion" on  the  Landed 
Property  of  Bengal.  , 


Caout- 
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CANONNICUT  IJland,  in  Newport  co.  Rhode- 
Iflandj  lies  about  3 miles  W.  of  Newport,  the  S.  end 
of  which,  (called  Beaver  Tail,  on  which  ftands  the 
light-houfe)  extends  about  as  far  S.  as  the  S.  end  of 
Rhode  Ifland.  It  extends  N.  about  7 miles,  its 
average  breadth  being  about  one  mile  ; the  E.  fliore 
forming  the  VV.  part  of  Newport-harbor,  and  the  W. 
fiiore  being  about  3 miles  from  the  Narraganfet  fiiore. 
On  this  point  is  Jameftown.  It  was  purchafed  of  the 
Indians  in  1657,  and  in  1678,  was  incorporated  by 
the  name  of  Jameftown.  The  foil  is  luxuriant,  pro- 
ducing grain  and  grafs  in  abundance. — Jameftown 
contains  507  inhabitants,  including  16  flaves. — Morse. 

CANONSBURG,  a tov/n  in  Waftiington  co.  Penn- 
fylvania,  on  the  N.  fide  of  the  W.  branch  of  Chartiers 
Creek,  which  runs  N.  by  E.  into  Ohio  River  about 
5 miles  below  Pittlburg.  In  its  environs  are  feveral 
valuable  mills.  Here  are  about  50  houfes  and  an  aca- 
demy ; 7 miles  N.  E.  by  E.  of  Wafhington,  and  15 
S.  W.  of  Pittfourg, — ib. 

CANTERBURY,  a townfhip  in  Rockingham  co, 
New-Hamplhire,  fituated  on  the  eaftern  bank  of  Merri- 
mack River  ; 14  miles  N.  by  W.  of  Concord,  45  N. 
W.  of  Exeter,  and  48  from  Portfmoutb.  It  contains 
1038  inhabitants. — ib. 

Canterbury,  a townfhip  in  Windham  co.  Connec- 
ticut, on  the  W.  fide  of  Quinnabaug  River  which  fe- 
parates  it  from  Plainfield.  It  is  7 miles  E.  by  S.  of 
Windham,  and  about  10  or  12  N.  of  Norwich ib. 

CANTON,  a new  townfliip  in  Norfolk  co.  Maffa- 
chufetts,  incorporated  in  1797,  it  being  formerly  the 
northerly  part  of  Stoughton. — ib. 

CAOUTCHOUC,  Elastic  Gum,  or  Indian  Rub- 
ber,  is  a fubftance  of  which  a pretty  full  account  has 
been  given  in  the  Encyclopedia.  It  has  there  been 
likewile  obftrved  how  ufeful  it  might  be,  if  we  could 
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form  it  into  catheters  and  other  flexible  inftruments,  by 
diflblving  it  in  a menftruum  lefs  expenflve,  or  at  leaft 
more  eafily  attained,  than  ether.  Since  that  article  was 
publifhed,  we  have  fcen  an  account  of  fuch  a menflruum 
in  the  Annales  Chimie^  by  M.  Groflart  (Chirly)  ; 
and  of  the  expence  of  that  menftruum,  or  the  difficulty 
of  procuring  it,  no  complaint  will  be  made,  when  it  is 
known  to  be  nothing  more  than  very  hot  water. 

The  author  was  led  to  this  difcovery  by  fome  experi- 
ments made  with  ether  on  caoutchouc ; of  which  he 
gives  the  following  account : 

“ It  appeared,  even  in  my  firft  experiments,  that  I 
was  attempting  too  much,  and  giving  myfelf  ufelefs 
trouble,  in  fearching  for  a manner  of  completely  diffolv- 
ing  the  elaftic  gum,  fo  that  it  might  be  again  made  up 
in  new  forms.  I then  thought  that  it  would  be  eafier 
to  find  out  a method,  as  it  were,  of  foldering  it,  and  of 
not  atfting  upon  it  more  than  might  be  neceflary  to 
caufe  its  foftened  parts  to  reunite.  Experience  has 
fliewn  me,  that  a ftrong  preflure  made  upon  two  pieces 
of  caoutchouc  (when  brought  to  that  ftate  of  foftnefs,) 
and  continued  until  they  are  entirely  dry,  caufed  them 
to  contraft  fo  ftrong  an  adhefion,  that  the  piece,  being 
pulled  out  till  it  broke,  often  broke,  not  at  the  united 
part,  but  by  the  fide  of  it. 

“ By  means  of  ether  I immediately  fucceeded  in  mak- 
ing thefe  tubes.  The  method  which  appears  to  me 
to  fucceed  the  beft  is,  to  cut  a bottle  circularly  in  a fpi- 
ral  flip  of  a few  lines  in  breadth.  It  is  very  eafy  to  cut 
a bottle  in  fuch  a manner  as  to  form  a Angle  long  flip, 
and  thus  unneceflary  joinings  are  avoided. 

“ The  whole  flip  is  to  be  plunged  into  ether,  until  it 
is  fufficiently  foftened,  which  comes  to  pafs  fooner  or 
later  according  to  the  quality  of  the  vitriolic  ether  that 
is  employed.  Half  an  hour  frequently  fuffices  ; but  I 
have  already  obferved,  that  there  is  a great  diverfity  in 
the  manner  in  which  different  forts  of  vitriolic  ether  adt, 
and  of  which  the  caufe  is  not  yet,  fo  far  as  I know,  de- 
termined. 

“ The  flip  being  taken  out,  one  of  the  extremities  is 
to  be  taken  hold  of  and  rolled,  firft  upon  itfelf  at  the 
bottom  of  the  tube,  preffing  it ; then  the  rolling  is  to 
be  continued,  mounting  fpirally  along  the  mould,  and 
taking  care  to  lay  over  and  comprefs  with  the  hand 
every  edge,  one  againft  the  other,  fo  that  there  may 
not  be  any  vacant  fpace,  and  that  all'  the  edges  may 
join  exadtly.  The  whole  then  is  to  be  bound  hard  with  a 
tape  of  an  inch  in  width,  taking  care  to  turn  it  the 
fame  way  with  the  flip  of  elaftic  gum.  The  tape  is  to 
be  tied  up  with  packthread,  fo  that,  by  every  turn  of 
the  packthread  joining  another,  an  equal  prefTure  Is 
given  to  every  part : it  is  then  left  to  dry,  and  the  tube 
is  made. 

“ The  bandage  is  to  be  taken  off  with  great  care, 
that  none  of  the  outward  furfaces,  which  may  have  been 
lodged  within  the  hollows  of  the  tape  (of  which  the 
caoutchouc  takes  the  exa<ft  impreffion),  may  be  pulled 
away.  I advife  the  application  of  a tape  before  pack- 
thread, becaufe,  efpecially  in  the  thinner  tubes,  we 
fhould  run  the  rifk  of  cutting  the  caoutchouc,  if  the 
packthread  were  applied  immediately  upon  it. 

“ It  is  eafy  to  take  off  the  tube  of  elaftic  gum  which 
has  been  formed  upon  a folid  mould  of  one  piece  ; if 
the  mould  be  made  rather  conic,  it  may  be  made  to 
Aide  off  by  the  fraaller  end  ; at  the  worft,  it  is  eafily 


accompliflied  by  plunging  it  into  hot  water  ; for  it  Is 
foftened  by  the  heat,  and  is  diftended  ; without  this 
precaution  it  would  be  fometimes  difficult  to  draw  it  off 
when  dry,  becaufe,  having  been  applied  upon  the  mould 
whilft  it  had  its  volume  augmented  by  the  interpofition 
of  the  ether,  the  parts  of  the  caoutchouc  are  drawn 
nearer  each  other,  by  the  evaporation  of  the  Interpofed 
bodies. 

“ The  great  affinity  between  thefe  two  bodies  Is  feen 
by  the  length  of  time  that  the  odour  of  the  ether  re- 
mains, notwithftanding  the  great  volatility  of  the  latter, 
and  that  the  apparent  drynefs  of  the  tube  feems  to  fiiew 
that  there  is  none  remaining  ; neverthelefs,  after  a cer- 
tain time,  the  odour  difappears  entirely.  One  of  thofe 
tubes,  which  was  made  with  ether  after  the  method 
here  deferibed,  does  not  retain  the  leaft  trace  of  the  fol- 
vent.  It  is  needlefs  to  fay,  that  it  is  eafy  to  make  tubes 
as  thin  or  as  thick  as  may  be  judged  proper. 

“ Although  the  procefs  that  I am  now  deferibing  is 
but  very  little  expenflve,  yet  I have  tried  to  employ 
other  folvents  in  lieu  of  ether,  becaufe  It  is  not  to  be  had 
in  every  place,  and  requires  particular  care  In  its  prefer- 
vatlon.  I have  employed,  with  fome  fuccefs,  the  eflfen- 
tial  oils  of  lavender  and  of  turpentine  : both  of  them 
fpeedily  dilate  the  caoutchouc,  and  are  of  no  great 
price.  The  difagreeable  fmell  of  the  oil  of  turpentine 
becomes,  perhaps,  in  procefs  of  time,  lefs  difagreeable 
than  that  of  lavender.  This  laft  is  dearer  ; but  the  dif- 
ference is  not  fo  great  as  it  appears  at  firft  : for  we  may 
make  fome  advantage  of  the  oil  of  lavender  that  is  em- 
ployed by  the  following  operation  : Upon  plunging  in- 
to alcohol  the  elaftic  tube  prepared  with  the  oil  of  la- 
vender, the  alcohol  charges  itfelf  with  the  oil,  and 
forms  a very  good  lavender-water  ; the  fame  as  would 
be  made  by  an  immediate  mixture  of  oil  of  lavender 
with  fpirit  of  wine.  Imraerfion  in  this  liquor  alfo  ferves 
to  haften  the  drying  of  the  caoutchouc  inftruments 
thus  made  by  means  of  eflential  oils.  I have  made  tubes 
with  the  oils  of  turpentine  and  of  lavender  ; both  are 
much  flower  in  evaporating  than  ether.  The  oil  of 
turpentine  particularly  appeared  to  me  always  to  have 
a kind  of  ftickinefs,  and  I know  not  as  yet  that  we 
have  any  means  whereby  to  get  fpeedily  rid  of  its 
fmell. 

“ Neverthelefs  there  is  a folvent  which  has  not  that 
ineonvenience  ; it  Is  cheaper,  and  may  eafily  be  procur- 
ed by  every  one  ; this  folvent  is  nvater.  I conceive  it 
will  appear  ftrange  to  mention  water  as  a folvent  of  elaf- 
tic gum,  that  liquid  having  been  always  fuppofed  to 
have  no  aeftion  upon  it.  I myfelf  refifted  the  idea  ; but 
refledting  that  ether,  by  being  faturated  with  water,  is 
the  better  enabled  to  adl:  on  caoutchouc,  and  that  this 
gum  when  plunged  into  boiling  water  becomes  more 
tranfparent  at  the  edges,  I prefumed  that  this  effeft  was 
not  due  Amply  to  the  dilation  of  its  volume  by  the 
heat.  I thought  that,  at  that  temperature,  fome  ac- 
tion might  take  place,  and  that  a long-continued  ebul- 
lition might  produce  more  fenfible  effedts.  1 was  not 
difappointed  in  my  expediations,  and  one  of  thofe  tubes 
was  prepared  without  any  other  folvent  than  water  and 
heat.  I proceeded  in  the  fame  manner  as  with  ether  : 
the  elaftic  gum  dilates  but  very  little  in  boiling  water  ; 
it  becomes  whitifli,  but  recovers  its  colour  again  by  dry- 
ing it  in  the  air  and  light.  It  is  fufficiently  prepared 
for  ufe  when  it  has  been  a quarter  of  an  hour  in  boiling 

water : 
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Caoutchouc  water ; by  this  time  its  edges  are  fometimes  tranfparent. 

II  It  is  to  be  turned  fpirally  round  the  mould,  in  the  man- 
defcribed  before,  and  replunged  frequently  into 
the  boiling  water,  during  the  time  that  is  employed  in 
forming  the  tube,  to  the  end  that  the  edges  may  be 
difpofed  to  unite  together.  When  the  whole  is  bound 
with  packthread,  it  is  to  be  kept  fome  hours  in  boiling 
water  ; after  which  it  is  to  be  dried,  ftill  keeping  on  the 
binding. 

“ If  we  wifli  to  be  more  certain  that  the  connedtion 
is  perfedt,  the  fpiral  may  be  doubled  ; but  we  muft  al- 
w'ays  avoid  placing  the  exterior  furfaces  of  the  flips  one 
upon  the  other,  as  thofe  furfaces  are  the  parts  which 
rnoft  refill  the  adlion  of  folvents.  This  precaution  is 
lefs  necelTary  when  ether  is  employed,  on  account  of  its 
great  adlion  upon  the  caoutchouc, 

1 “ It  might  be  feared  that  the  adlion  of  water  upon 

caoutchouc  would  deprive  us  of  the  advantages  which 
might  otherwife  be  expedled  ; but  thefe  fears  will  be 
r removed,  if  we  confider  that  the  affinities  differ  accord- 

' ing  to  the  temperatures  ; that  it  is  only  at  a very  high 

I temperature  that  water  exercifes  any  fenfible  adlion  up- 

on caoutchouc.  I can  affirm,  that  at  120°  of  Reaumur’s 
thermometer  (302°  of  Fahrenheit)  this  affinity  is  not 
: fuch  as  that  the  water  can  give  a liquid  form  to  caout- 

chouc ; and  it  does  not  appear  that  we  have  any  thing 
j to  fear  in  pradlice  from  a combination  between  thefe 

two  bodies,  which,  though  it  really  is  a true  folution, 

; does  not  take  place  in  any  fenfible  degree  but  at  a high 

temperature.  It  is  therefore  at  prefent  eafy  to  make  of 
I caoutchouc  whatever  inftruments  it  may  be  advantage- 

ous to  have  of  a flexible,  fupple,  and  elaftic  fubftance, 
j which  is  impermeable  to  water  at  the  temperature  of 

f our  atmofphere,  and  refills  the  adlion  of  acids  as  well 

: as  that  of  moll  other  folvents.  As  to  the  durability  of 

thefe  inftruments,  few  fubftances  promife  more  than  this, 
j becaufe  it  may  be  foldered  afrelh  in  a damaged  part. 

! Any  woven  fubftance  may  be  covered  with  it ; it  is  on- 

ly required  that  the  fubftance  fhould  be  of  a nature  not 
i to  be  adled  upon  during  the  preparation,  either  by  ether 

' or  by  boiling  water ; for  thefe  two  agents  are  thofe 

1 which  appear  to  me  to  merit  the  preference.  Artifts 

. . will  trequently  find  an  advantage  in  employing  ether, 

! as  it  requires  lefs  time  ; fo  that  a perfon  may  make,  in 

!a  fingle  day,  any  tube  he  may  have  occafion  for.  The 
j expence  of  ether  is  very  little,  fince  it  is  needful  only  to 

I difpofe  the  caoutchouc  to  adhere ; and  being  brought 

I into  that  Hate,  the  caoutchouc  may  be  kept  in  a velfel 

. I perfectly  well  clofed.  It  would  alfo  diminilh  the  ex- 

I pence  of  the  ether  if,  inftead  of  waftiing  it  with  a large 

' quantity  of  water,  there  fliould  be  added  to  it  only  as 

I much  water  as  it  can  take  up.” 

CAP  and  Button,  are  two  fmall  iflands,  or  rather 
rocks,  lying  in  longitude  105°  48'  30"  call;  and  in  la- 
titude, the  former  5°  58'  30".  the  latter  5°  49'  fouth. 
They  were  vifited  by  fome  of  the  perfons  attending 
Lord  Macartney  on  his  embaffy  to  China  ; and  are  thus 
defcribed  by  Sir  George  Staunton. 

“ At  a little  dillance  they  might  be  miftaken  for  the 
remains  of  old  callles,  mouldering  into  heaps  of  ruins, 
W'ith  tall  trees  already  growing  upon  the  tops  ; but  at 
a nearer  view,  they  betrayed  evident  marks  of  a volca- 
nic origin.  Explofions  from  fubterraneous  fires,  pro- 
duce, for  the  moll  part,  hills  of  a regular  fliape,  and  ter- 
minating in  truncated  cones  j but  when  from  a fub- 
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aqueous  volcano  eruptions  are  thrown  up  above  the  Cap. 
furface  of  the  fea,  the  materials,  falling  back  into  the 
water,  are  more  irregularly  difperfed,  and  generally 
leave  the  fides  of  the  new  creation  naked  and  mifliapen, 
as  in  the  inftance  of  Amsterdam,  and  of  thofe  fmaller 
fpots  called,  from  fome  refemblance  in  lhape,  the  Cap 
and  Button. 

“ In  the  Cap  were  found  two  caverns,  running  ho- 
rizontally into  the  fide  of  the  rock  ; and  in  thefe  were  a 
number  of  thofe  birds  nefts  fo  much  prized  by  the  Chi- 
nefe  epicures.  They  feeraed  to  be  compofed  of  fine  fila- 
ments cemented  together  by  a tranfparent  vifcous  mat- 
ter, not  unlike  what  is  left  by  the  foam  of  the  fea  up- 
on ftones  alternately  covered  by  the  tide,  or  thofe  gela- 
tinous animal  fubftances  found  floating  on  every  coaft. 

The  nefts  adhere  to  each  other,  and  to  the  fides  of  the 
cavern,  moftly  in  rows,  without  any  break  or  interrup- 
tion. The  birds  that  build  thefe  nefts  are  fmall  grey 
fwallows,  with  bellies  of  a dirty  white.  They  w'ere 
flying  about  in  confiderable  numbers  ; but  they  were  fo 
fmall,  and  their  flight  fo  quick,  that  they  efcaped  the 
(hot  fired  at  them.  The  fame  nefts  are  faid  alfo  to  be 
found  in  deep  caverns,  at  the  foot  of  the  higheft  moun- 
tains in  the  middle  of  Java,  and  at  a diftance  from  the 
fea,  from  which  the  birds,  it  is  thought,  derive  no  ma- 
terials, either  for  their  food  or  the  conftrudlion  of  their 
nefts  ; as  it  does  not  appear  probable  they  fhould  fly, 
in  fearch  of  either,  over  the  intermediate  mountains, 
which  are  very  high,  or  againft  the  boifterous  winds 
prevailing  thereabouts.  They  feed  on  infedls,  which 
they  find  hovering  over  ftagnated  pools  between  the 
mountains,  and  for  catching  which  their  wide  opening 
beaks  are  particularly  adapted.  They  prepare  their 
nefts  from  the  bell  remnants  of  their  food.  Their 
greateft  enemy  is  the  kite,  who  often  intercepts  them  in 
their  paffage  to  and  from  the  caverns,  which  are  gene- 
rally furrounded  with  rocks  of  grey  limeftone  or  white 
marble.  The  nefts  are  placed  in  horizontal  rows  at 
different  depths,  from  50  to  500  feet.  The  colour  and 
value  of  the  nefts  depend  on  the  quantity  and  quality 
of  the  infedls  caught,  and  perhaps  alfo  on  the  fituation 
where  they  are  built.  Their  value  is  chiefly  determined 
by  the  uniform  finenefs  and  delicacy  of  their  texture  j 
thofe  that  are  white  and  tranfparent  being  moll  efteem- 
ed,  and  fetching  often  in  China  their  weight  in  filver. 

Thefe  nefts  are  a confiderable  obje<5l  of  traffic  among 
the  Javanefe,  and  many  are  employed  in  it  from  their 
infancy.  The  birds  having  fpent  near  two  months  in 
preparing  their  nefts,  lay  each  two  eggs,  which  are 
hatched  in  about  fifteen  days.  When  the  young  birds 
become  fledged,  it  is  thought  time  to  feize  upon  their 
nefts,  which  is  done  regularly  thrice  a year,  and  is  ef- 
fected by  means  of  ladders  of  bamboo  and  reeds,  by 
which  the  people  defcend  into  the  cavern  ; but  when  it 
is  very  deep,  rope  ladders  are  preferred.  This  operation 
is  attended  with  much  danger  ; and  feveral  break  their 
necks  in  the  attempt.  The  inhabitants  of  the  moun- 
tains generally  employed  in  it  begin  always  by  facri- 
ficing  a buffalo ; which  cuftom  is  conftantly  obferved 
by  the  Javanefe  on  the  eve  of  every  extraordinary  en- 
terprife.  They  alfo  pronounce  fome  prayers,  anoint 
themfelves  with  fvveet-fcented  oil,  and  fmoke  the  en- 
trance of  the  cavern  with  gum-benjamin.  Near  fome 
of  thofe  caverns  a tutelar  goddefs  is  wcrlhipped,  whofe 
prieft  burns  incenfe,  and  lays  his  protecting  hands  on 
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every  perfon  preparing  to  defcend  into  the  cavern.  A 
flambeau  is  carefully  prepared  at  the  fame  time,  with  a 
gum  which  exudes  from  a tree  growing  in  the  vicinity, 
and  is  not  eafily  extinguiflied  by  fixed  air  or  fubterra- 
neous  vapours.  The  fwallow,  which  builds  thofe  nefts, 
is  defcribed  as  not  having  its  tail  feathers  marked  with 
white  fpots,  which  is  a charadler  attributed  to  it  by 
Linnseus ; and  it  is  poflible  that  there  are  two  fpecies 
or  varieties  of  the  fwallow,  wdiofe  nefts  are  alike  va- 
luable.” See  BiRDS-NeJls,  Encycl. 

CAPE  OF  Good  Hope.  See  Good  Hope,  both  in 
Encycl.  and  this  Supplement. 

CAPE  ST.  ANDREWS,  on  thecoaft  of  Paraguay, 
or  La  Plata,  S.  America.  S.  lat.  38.  50.  W.  long. 
59.  46. — Morse. 

Cape  St.  Antonio,  or  Anthonio,  is  the  point  of 
land  on  the  fouthern  fide  of  La  Plata  River  in  S. 
America,  which,  with  Cape  St  Mary  on  the  north- 
ward, forms  the  mouth  of  that  river.  S.  lat.  36.  32. 
W.  long.  56.  34. — ih. 

Cape  St.  Augustine,  on  the  coaft  of  Brazil,  S. 
America,  lies  fouthward  of  Pernambuco.  S.  lat.  10. 
15.  W.  long.  35.  13.— i3. 

Cape  Blov/-me-down,  which  is  the  fouthern  fide  of 
the  entrance  from  the  bay  of  Fundy  into  the  Bafin  of 
Minas,  is  the  eafternmoft  termination  of  a range  of 
mountains,  extending  about  80  or  90  miles  to  the  gut 
of  Annapolis ; bounded  N.  by  the  fhores  of  the  bay 
of  Fundy,  and  S.  by  the  fhores  of  Annapolis  river. 
— \h. 

Cape  Cod,  anciently  called  Mallcharre,  by  the 
French,  is  the  S.  eaftward  point  of  the  bay  of  Malfa- 
chufetts,  oppofite  Cape  Ann.  N.  lat.  42.  4.  W.  long, 
from  Greenwich,  70.  14. — ib. 

Cape  Elizabeth,  a head-land  and  townfliip  in 
Cumberland  co.  diftriift  of  Maine.  The  cape  lies  in  N. 
lat.  43.  33.  E.  by  S.  from  the  centre  of  the  town  9 
miles ; about  20  S,  w'efterly  of  Cape  Small  Point,  and 
12  N.  E.  from  the  mouth  of  Saco  River.  The  town 
has  Portland  on  the  N.  E.  and  Scarborough  S.  W.  and 
contains  1355  inhabitants.  It  w^as  incorporated  in 
1765,  and  lies  126  miles  N.  E.  of  Bofton. — ib. 

Cape  Fear,  is  the  fouthern  point  of  Smith’s  Ifland 
which  forms  the  mouth  of  Cape  Fear  River  into  two 
channels,  on  the  coaft  of  N.  Carolina  ; S.  W.  of  Cape 
Look-Out,  and  remarkable  for  a dangerous  fhoal  call- 
ed the  Frying  Pan,  from  its  form.  Near  this  cape  is 
Johnfon’s  Fort,  in  Brunfwick  co.  and  diftriift  of  Wil- 
mington. N.  lat.  33.  32.  W.  long.  78.  25. 

Cape  Fear  Rinser  more  properly  Clarendon,  affords 
the  beft  navigation  in  N.  Carolina.  It  opens  to  the 
Atlantic  ocean  by  two  channels.  The  S.  weftern  and 
largeft  channel  between  the  S.  W.  end  of  Smith’s 
Ifland  at  Bald  Head,  where  the  light-houfe  ftands, 
and  the  E.  end  of  Oakes  Ifland,  S.  W.  from  Fort 
Johnfton.  The  new  inlet  is  between  the  fea-coaft  and 
the  N.  E.  end  of  Smith’s  Ifland.  It  will  admit  veffels 
drawing  10  or  1 1 feet,  and  Is  about  3 miles  wide  at  its 
entrance,  having  18  feet  water  at  full  tides  over  the 
bar.  It  continues  its  breadth  to  the  flats,  and  is  navi- 
gable for  large  veffels  21  miles  from  its  mouth,  and 
14  from  Wilmington  ; to  which  town  veffels  drawing 
10  or  12  feet  can  reach  without  any  rifk.  As  you 
afcend  this  river  you  leave  Brunfwick  on  the  left,  and 
Wilmington  on  the  right.  A little  above  Wilmington, 


the  river  divides  into  N.  E.  and  N.  W.  branches.  The  Cape 
former  is  broader  than  the  latter,  but  is  neither  fo  deep  II 
nor  fo  long.  The  N.  W.  branch  rifes  within  a few 
miles  of  the  Virginia  line,  and  is  formed  by  the  junc- 
tion of  Haw  and  Deep  rivers.  Its  general  courfe  is  S. 
eafterly.  Sea  veffels  can  go  25  miles  above  Wilming- 
ton, and  large  boats  90  miles,  to  Fayetteville.  The 
N.  E.  branch  joins  the  N.  W.  branch  a little  above 
Wilmington,  and  is  navigable  by  fea  veffels  20  miles 
above  that  town,  and  by  large  boats  to  South  Wafhing- 
ton,  40  miles  further,  and  by  rafts  to  Sare<5to,  which 
is  nearly  70  miles.  The  whole  length  of  Cape  Fear 
river  is  about  200  miles. — ib. 

Cape  May,  is  the  S.  wefternmoft  point  of  the  ftate 
of  New-Jerfey,  and  of  the  county  to  which  it  gives 
name.  N.  lat.  39.  W.  long.  75.  2.  It  lies  20  miles 
N.  E.  from  Cape  Henlopen,  which  forms  the  S.  W. 
point  of  the  mouth  of  Delaw'are  bay,  as  Cape  May 
does  the  N.  E. — ib.^ 

Cape  May  Co.  fpreads  northward,  around  the  cape 
of  its  name,  is  a healthy,  fandy  tradt  of  country,  of 
fufficient  fertility  to  give  fupport  to  2571  induftrious 
and  peaceable  inhabitants.  The  county  is  divided  Into 
Upper,  Middle,  and  Low'er  precindts. — ib. 

CAPITAL  OF  A Bastion,  Is  an  imaginary  line 
dividing  any  work  into  two  equal  and  fimilar  parts  ; or 
a line  drawn  from  the  angle  of  the  polygon  to  the  point 
of  the  baftion,  or  from  the  point  of  the  baftion  to  the 
middle  of  the  gorge. 

CAPRA,  or  the  She-goat,  a name  given  to  the 
ftar  Capella,  on  the  left  fhoulder  of  Auriga,  and  fome- 
tlmes  to  the  conftellation  Capricorn.  Some  again  re- 
prefent  Capra  as  a conftellation  in  the  northern  hemif- 
phere,  confifting  of  three  ftars,  comprifed  between  the 
45th  and  55th  degree  of  latitude. — The  poets  fable  her 
to  be  Amalthea’s  goat,  which  fuckled  Jupiter  in  his 
infancy. 

CAPUT  Draconis,  or  Dragon^  Head,  a name 
given  by  fome  to  a fixed  ftar  of  the  firft  magnitude,  in 
the  head  of  the  conftellation  Draco. 

CARACCAS,  a province  of  Terra  Firma,  S.  Ame- 
rica, lying  on  the  fouthern  coaft  of  the  Caribbean  Sea. 

This  coaft  is  bordered  in  its  greateft  length  by  a chain 
of  mountains,  running  E.  and  W.  and  divided  into 
many  fruitful  vallies,  whofe  diredilon  and  opening  are 
towards  the  N.  It  has  maritime  fortified  towns, 

Puerto  Cabelo,  and  La  Guayra.  The  Dutch  carry 
thither  to  the  Spaniards  all  forts  of  European  goods, 
efpecially  linen,  making  vaft  returns  of  filver  and  co- 
coa. The  cocoa  tree  grows  here  in  abundance.  There 
are  from  500  to  2000  trees  in  a walk,  or  plantation. 

Thefe  nuts  are  paffed  for  money,  and  are  ufed  as  fuch 
in  the  bay  of  Campeachy.  N.  lat.  10.  12.  W.  long. 

67.  10. — Morse. 

CARANGAS,  a province  and  jurifdifHon  under  the 
blfliop  of  Plata,  and  70  leagues  W.  of  that  city,  in 
Peru,  very  barren  in  corn  and  grain,  &c.  but  abound- 
ing in  cattle.  Here  are  a great  number  of  filver  mines 
conftantly  worked,  among  which  that  called  Tureo, 
and  by  the  miners  Machacado,  is  very  remarkable. 

The  fibres  of  the  filver  forming  an  admirable  Intermix- 
ture with  the  ftone  ;•  fuch  mines  are  generally  the  rich- 
efl;.  There  are  other  maffes  of  filver  in  this  province 
equally  remarkable,  being  found  in  the  barren  fand-y 
defarts,  where  they  find,  by  digging  only,  detached 
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it  is  with  pleafure  that  we  can  fay,  that  we  were  told  by 
the  editor,  that  this  work  was  prompted  in  a great  mea- 
fure  by  what  has  been  delivered  in  the  Encyclopadla  in 
the  articles  Roof  and  Strength  of  Materials.  It 
abounds  more  in  important  and  new  obfervations  than 
any  book  of  the  kind  that  we  are  acquainted  with.  We 
again  call  on  fuch  as  have  given  a fcientific  attention  to 
this  fubjedt,  and  pray  that  they  would  render  a merito- 
rious fervice  to  their  country  by  imparting  the  refult  of 
their  refearches.  The  very  limited  nature  of  this  work 
does  not  allow  us  to  treat  the  fubjedl  in  detail ; and  we 
mnft  confine  our  obfervations  to  the  fundamental  and 
leading  propofitions. 

The  theory  (fo  to  term  it)  of  carpentry  is  founded 
on  two  diftindt  portions  of  mechanical  fcience,  name- 
ly, a knowledge  of  the  drains  to  which  framings  of 
timber  are  expofed,  and  a knowledge  of  their  relative 
ftrength. 

We  fhall  therefore  attempt  to  bring  into  one  point  of 
view  the  propofitions  of  mechanical  fcience  that  are 
more  immediately  applicable  to  the  art  of  carpentry, 
and  are  to  be  found  in  various  articles  of  our  work, 
particularly  Roof  and  Strength  of  Materials.  From 
thefe  propofitions  we  hope  to  deduce  fuch  principles  as 
fhall  enable  an  attentive  reader  to  comprehend  diftindlly 
what  is  to  be  aimed  at  in  framing  timber,  and  how  to 
attain  this  objedt  with  certainty  ; and  we  fhall  liluf- 
trate  and  confirm  our  principles  by  examples  of  pieces 
of  carpentry  which  are  acknowledged  to  be  excellent  in 
their  kind. 

The  mod  important  propofition  of  general  mechanics 
to  the  carpenter  is  that  which  exhibits  the  compofition 
and  refolution  of  forces  ; and  we  beg  our  pradtical  rea- 
ders to  endeavour  to  form  very  diftindf  conceptions  of 
it,  and  to  make  it  very  familiar  to  their  mind.  When 
accommodated  to  their  chief  purpofes,  it  may  be  thus 
expreifed : 

I . If  a body,  or  any  part  of  a body,  be  at  once  pref- 
fed  in  the  two  diredtions  AB,  AC  (fig.  i.),  and  if 
the  intenfity  or  force  of  thole  prefTures  be  in  the  pro- 
portion of  thefe  two  lines,  the  body  is  affedted  in  the 
fame  manner  as  if  it  were  prelfed  by  a fingle  force  adt- 
ing  in  the  diredlion  AD,  which  is  the  diagonal  of  the 
parallelogram  ABDC  formed  by  the  two  lines,  and 
whofe  intenfity  has  the  fame  proportion  to  the  intenfity 
of  each  of  the  «lier  two  that  AD  has  to  AB  or  AC. 

Such  of  our  readers  as  have  fuelled  the  laws  of  mo- 
tion, know  that  this  is  fully  demonftrated.  We  refer 
them  to  the  article  Mechanics,  n°  5,  &c.  where  it  is 
treated  at  fome  length.  Such  as  wilh  for  a very  accu- 
rate view  of  this  propofition,  will  do  well  to  read  the 
demonfiration  given  by  D.  Bernoulli,  in  the  firft  vo- 
lume of  the  Comment.  PetropoL  and  the  improvement  of 
this  demonfiration  by  D’Alembert  in  his  Opufcles,  and 
in  the  Comment.  ’Taurinenf  The  pradtltioner  in  car- 
pentry will  get  more  ufeful  confidence  in  the  dodlrine, 
if  he  will  ftiut  his  book,  and  verify  the  theoretical  de- 
monfirations  by  adtual  experiments.  They  are  remark- 
ably eafy  and  convincing.  Therefore  It  is  our  requeft 
that  the  artift,  who  is  not  fo  habitually  acquainted 
with  the  fubjedf,  do  not  proceed  further  till  he  has  made 
it  quite  familiar  to  his  thoughts.  Nothing  Is  fo  condu- 
cive to  this  as  the  adtual  experiment ; and  fince  this  on- 
ly requires  the  trifling  expence  of  two  fmall  pulleys  and 
a few  yards  of  whipcord,  we  hope  that  none  of  our 


pradtical  readers  will  omit  it : They  will  Uiank  us  for 
this  injundtion. 

2.  Let  the  threads  hdy  KYh,  and  AEc  (fig.  2), 
have  the  weights  d,  and  c,  appended  to  them,  and 
let  two  of  the  threads  be  laid  over  the  pulleys  F and  E. 

By  this  apparatus  the  knot  A will  be  drawn  in  the  di- 
redlions  AB,  AC,  and  AK.  If  the  fum  of  the  weights  1 

h and  c be  greater  than  the  fingle  weight  </,  the  affem*  | 

blage  will  of  itfelf  fettle  In  a certain  determined  form  ; | 

if  you  pull  the  knot  A out  of  its  place,  It  will  always 
return  to  It  again,  and  will  reft  in  no  other  pofition. 

For  example,  if  the  three  weights  are  equal,  the  threads 
will  always  make  equal  angles,  of  120  degrees  each, 
round  the  knot.  If  one  of  the  weights  be  three  pounds, 
another  four,  and  the  third  five,  the  angle  oppofite  to 
the  thread  ttretched  by  five  pounds  will  always  be 
fquare,  &c.  When  the  knot  A is  thus  in  equilibrio,  we  a 
muft  infer,  that  the  adtion  of  the  weight  d,  in  the  di-  ' i 

redtion  Kd,  is  in  dlredt  oppofitlon  to  the  combined  ac- 
tion of  b,  in  the  diredlion  AB,  and  of  c,  in  the  diredlion  > 

AC.  Therefore,  if  we  produce  A to  any  point  D, 
and  take  AD  to  reprefent  the  magnitude  of  the  force, 
or  preflure  exerted  by  the  weight  d,  the  preflures  ex- 
erted on  A by  the  weights  b and  r,  in  the  diredtions 
AB,  AC,  are  in  fadt  equivalent  to  a preflure  adting  in 
the  diredlion  AD,  whofe  intenfity  we  have  reprefented 
by  AD.  If  we  now  meafure  oflF  by  a fcale  on  AF  and  | 

AE  the  lines  AB  and  AC,  having  the  fame  propor- 
tions to  A.D  that  the  weights  b and  c have  to  the 
weight  d,  and  if  we  draw  DB  and  DC,  we  fhall  find 
DC  to  be  equal  and  parallel  to  AB,  and  DB  equal  and  ■ 

parallel  to  AC;  fo  that  AD  is  the  diagonal  of  aparal-  * 

lelogram  ABDC.  We  fhall  find  this  always  to  be  the 
cafe,  whatever  are  the  weights  made  ufe  of;  only  we 
muft  take  care  that  the  weight  which  we  caufe  to  adl  " 

without  the  intervention  of  a pulley  be  lefs  than  the  il 

fum  of  the  other  two  : If  any  one  of  the  weights  ex-  ' 

ceeds  the  fum  of  the  other  two,  it  will  prevail,  and  '*■  I 

drag  them  along  with  It.  j 

Now  fince  we  know  that  the  weight  d would  jufl  I * 

balance  an  equal  weight  g pulling  direcHy  upwards  by  i 

the  Intervention  of  the  pulley  G ; and  fince  we  fee  that 
It  juft  balances  the  weights  b and  c adting  in  the  direc-  ; j 

tions  AB,  AC,  we  muft  infer,  that  the  knot  A is  af-  , i ! 

fedted  in  the  fame  manner  by  thofe  two  weights,  or  by  J j ; 

the  fingle  weight  ^ ; and  therefore,  that  two  preJureSf  | <| 

aBing  tn  the  dircBlons,  and  with  the  intenfties,  AB,  AC,  * ! 

are  equivalent  to  a Jingle  prejjiire  having  the  direction  and  ' I 

proportion  of  In  like  manner,  the  preflures  AB,  ' j ; 

AK,  are  equivalent  to  AH,  which  is  equal  and  op- 
pofite to  AC.  Alfo  AK  and  AC  are  equivalent  to 
AI,  which  is  equal  and  oppofite  to  AB.  ^ 

V/e  fhall  confider  this  combination  of  prefTures  a lit-  Confidere(  ■ 
tie  more  particularly.  more  part 

Suppofe  an  upright  beam  BA  (fig.  3.)  pufhed  in  cularly. 
the  diredtion  of  Its  length  by  a load  B,  and  abutting  on 
the  ends  of  two  beams,  AC,  AD,  which  are  firmly  re- 
fifted  at  their  extreme  points  C and  D,  which  reft  on 
two  blocks,  but  are  nowife  joined  to  them  : thefe  two 
beams  can  refift  no  way  but  in  the  diredlions  CA,  DA  ; 
and  therefore  the  prefTures  which  they  fuftain  from  the 
beam  BA  are  in  the  diredtions  AC,  AD.  We  wifh 
to  know  how  much  each  fiiftains?  Produce  BA  to  E, 
taking  AE  from  a fcale  of  equal  parts,  to  reprefent  the 
number  of  tons  or  pounds  by  which  BA  is  prefTed. 

Draw 
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I>raw  EF  and  EG  parallel  to  AD  and  AC  ; then  AF, 
rneaflired  on  the  fame  fcale,  will  give  us  the  number  of 
pounds  by  which  AC  is  drained  or  cruQied,  and  AG 
will  give  the  drain  on  AD. 

It  deferves  particular  remark  here,  that  the  length 
of  AC  or  AD  has  no  influence  on  the  drain,  arifing 
from  the  thrud  of  BA,  while  the  diredtions  remain  the 
fame.  The  ededls,  however,  of  this  drain  are  modifi- 
ed by  the  length  of  the  piece  on  which  it  is  exerted. 
This  drain  comprefles  the  beam,  and  will  therefore  com- 
prefs  a beam  of  double  length  twice  as  much.  This 
may  change  the  form  of  the  affemblage.  If  AC,  for  ex- 
ample, be  very  much  Ihorter  than  AD,  it  will  be  much 
lefs  compreffed  : The  line  CA  will  turn  about  the  cen- 
tre C,  while  DA  will  hardly  change  its  pofition  ; and 
the  angle  CAD  will  grow  more  open,  the  point  A fink- 
ing down.  The  artid  will  find  it  of  great  confequence 
to  pay  a very  minute  attention  to  this  circumdance,  and 
to  be  able  to  fee  clearly  the  change  of  drape  which  ne- 
cefTarily  refults  from  thefe  mutual  drains.  He  will  fee 
in  this  the  caufe  of  failure  in  many  very  great  works. — 
By  thus  changing  flrape,  drains  are  often  produced  in 
places  where  there  were  none  before,  and  frequently  of 
the  very  word  kind,  tending  to  break  the  beams  acrofs. 

The  dotted  lines  of  this  figure  drew  another  pofition 
of  the  beam  AD^.  This  makes  a prodigious  change, 
not  only  in  the  drain  on  AD',  but  alfo  in  that  on  AC. 
Both  of  them  are  much  increafed ; AG  is  almod 
doubled,  and  AF  is  four  times  greater  than  before. 
This  addition  was  made  to  the  figure,  to  drew  what 
enormous  drains  may  be  produced  by  a very  moderate 
force  AE,  when  it  is  exerted  on  a very  obtufe  angle. 

The  4th  and  5th  figures  will  affid  the  mod  unindrud- 
ed  reader  in  conceiving  how  the  very  fame  drains  AF, 
AG,  are  laid  on  thefe  beams,  by  a weight  fimply  hang- 
ing from  a billet  reding  on  A,  prefilng  hard  on  AD, 
and  alfo  leaning  a little  on  AC  ; or  by  an  upright  piece 
AE,  joggled  on  the  two  beams  AC,  AD,  and  per- 
forming the  office  of  an  ordinary  king-pod.  The  read- 
er will  thus  learn  to  call  off  his  attention  from  the  means 
by  which  the  drains  are  produced,  and  learn  to  confider 
them  abdradledly,  merely  as  drains,  in  whatever  fitua- 
tion  he  finds  them,  and  from  whatever  caufe  they  arife. 

We  prefume  that  every  reader  will  perceive,  that 
the  proportions  of  thefe  drains  will  be  precifely  the 
fame  if  every  thing  be  inverted,  and  each  beam  be 
drawn  or  pulled  in  the  oppofite  diredtion.  In  the  fame 
way  that  we  have  fubdituted  a rope  and  weight  in  fig. 
4.  or  a king-pod  in  fig.  5.  for  the  loaded  beam  BA  of 
fig.  5.  we  might  have  fubdituted  the  framing  of  fig.  6. 
which  is  a very  ufual  pradtice.  In  this  framing,  the 
batten  DA  is  ftretcbed  by  a force  AG,  and  the  piece 
AC  is  compreffed  by  a force  AF.  It  is  evident,  that 
we  may  employ  a rope,  or  an  iron  rod  hooked  on  at  D, 
in  place  of  the  batten  DA,  and  the  drains  will  be  the 
fame  as  before. 

This  feem.ingly  fimple  matter  is  dill  full  of  indruc- 
tion  ; and  we  hope  that  the  well-informed  reader  will 
pardon  us,  though  we  dwell  a little  longer  on  it  for  the 
fake  of  the  young  artid. 

By  changing  the  form  of  this  framing,  as  in  fig.  7. 
we  produce  the  fame  drains  as  in  the  difpofition  repre- 
fentcd  by  the  dotted  lines  in  fig.  3.  The  drains  on 
both  tlie  batteqs  AD,  AC,  are  now  greatly  increafed. 


The  fame  confequences  refult  from  an  improper 
change  of  the  pofition  of  AC.  If  it  is  placed  as  in  fig. 

8.  the  drains  on  both  are  vadly  increafed.  In  fhort, 
the  rule  is  general ; that  the  more  open  we  make  the 
angle  againd  which  the  pufh  is  exerted,  the  greater  are 
the  drains  which  are  brought  on  the  druts  or  ties  which 
form  the  fides  of  the  angle. 

The  reader  may  not  readily  conceive  the  piece  AC 
of  fig.  8.  as  fudaining  a compredion } for  the  weight 
B appears  to  hang  from  AC  as  much  as  from  AD. 

But  his  doubts  will  be  removed  by  confidering  whether 
he  could  employ  a rope  in  place  of  AC.  He  cannot : 

But  AD  may  be  exchanged  for  a rope.  AC  is  there- 
fore a drut,  and  not  a tie. 

In  fig.  9.  AD  is  again  a drut,  butting  on  the  block 
D,  and  AC  is  a tie : and  the  batten  AC  may  be  re- 
placed by  a rope.  While  AD  is  compreffed  by  the 
force  AG,  AC  is  dretched  by  the  force  AF, 

If  we  give  AC  the  pofition  reprefented  by  the  dotted 
lines,  the  coraprelfion  of  AD  is  now  AG',  and  the  force 
dretching  AC'  is  now  AF';  both  much  greater  than 
they  were  before.  This  difpofition  is  analogous  to  fig. 

8.  and  to  the  dotted  lines  in  fig.  3.  Nor  will  the  young 
artid  have  any  doubts  of  AC'  being  on  the  dretch,  if 
he  confider  whether  AD  can  be  replaced  by  a rope. 

It  cannot,  but  AC'  may;  and  it  is  therefore  not  com- 
preffed,  but  dretched. 

In  fig.  10.  all  the  three  pieces,  AC,  AD,  and  AB, 
are  ties,  on  the  dretch.  This  is  the  complete  inverfion 
of  fig.  3. ; and  the  dotted  pofition  of  AC^  induces  the 
fame  changes  in  the  forces  AF',  AG',  as  in  fig.  3. 

Thus  have  we  gone  over  all  the  varieties  which  can 
happen  in  the  bearings  of  three  pieces  on  one  point.  All 
calculations  about  the  drength  of  carpentry  are  reduc- 
ed to  this  cafe : for  when  more  ties  or  braces  meet  in 
a point  (a  thing  that  rarely  happens),  we  reduce  them 
to  three,  by  fubdituting  for  any  two  the  force  which 
refults  from  their  combination,  and  then  combining  this 
with  another  ; and  fo  on. 

The  young  artid  mud  be  j)artlcularly  careful  not  to 
midake  the  kind  of  drain  that  is  exerted  on  any  piece 
of  the  framing,  and  fuppofe  a piece  to  be  a brace  which 
is  really  a tie.  It  is  very  eafy  to  avoid  all  midakes  in 
this  matter  by  the  following  rule,  which  has  no  excep- 
tion. g 

Take  notice  of  the  diredHon  in  which  the  piece  adls  Rule  for 
from  which  the  drain  proceeds.  Draw  a line  in  that  diftinguilh- 
6.\rQQ\on  from  the  point  on  which  the  drain  is  exerted  ; ""S 
and  let  its  length  (meafured  on  fome  fcale  of  equal 
parts)  exprefs  the  magnitude  of  this  adtion  in  pounds, 
hundreds,  or  tons.  From  its  remote  extremity  draw 
lines  parallel  to  the  pieces  on  W'hich  the  drain  is  exert- 
ed. The  line  parallel  to  one  piece  will  neceffarily  cut 
the  other,  or  its  diredtion  produced  : If  it  cut  the  piece 
itfelf,  that  piece  is  compreffed  by  the  drain,  and  it  is 
performing  the  office  of  a drut  or  brace  : if  it  cut  its 
direction  produced,  the  piece  is  dretched,  and  it  is  a 
tie.  In  fhort,  the  drains  on  the  pieces  AC,  AD,  are 
to  be  edimated  in  the  direction  of  the  points  F and  G 
from  the  drained  point  A.  Thus,  in  fig.  3.  the  up- 
right piece  BA,  loaded  with  the  weight  B,  preffes  the 
point  A in  the  diredtion  AE;  fo  does  the  rope  AB 
in  the  other  figures,  or  the  batten  AB  in  fig.  5. 

In  general,  if  the  draining  piece  is  within  the  angle 
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formed  by  the  pieces  which  are  drained,  the  drains 
which  they  fudain  are  of  the  oppofite  kind  to  that 
which  it  exerts.  If  it  be  pudiing,  they  are  drawing; 
but  if  it  be  within  the  angle  formed  by  their  direftions 
produced,  the  drains  which  they  fudain  are  of  the  fame 
kind.  All  the  three  are  either  drawing  or  preffing.  If 
the  draining  piece  lie  within  the  angle  formed  by  one 
piece  and  the  produced  diredtion  of  the  other,  its  own 
drain,  whether  compreffion  or  extenfion,  is  of  the  fame 
kind  with  that  of  the  mod  remote  of  the  other  two, 
and  oppofite  to  that  of  the  neared.  Thus,  in  fig.  9. 
where  AB  is  drawing,  the  remote  piece  AC  is  alfo 
drawing,  while  AD  is  pufhing  or  refiding  compreffion. 

In  all  that  has  been  faid  on  this  fubjedt,  we  have  not 
fpoken  of  any  joints.  In  the  calculations  with  which 
we  are  occupied  at  prefent,  the  refidance  of  joints  has 
no  ihare ; and  we  mud  not  fuppofe  that  they  exert  any 
force  which  tends  to  prevent  the  angles  from  changing. 
The  joints  are  fuppofed  perfedtly  flexible,  or  to  be  like 
compafs  joints  ; the  pin  of  which  only  keeps  the  pieces 
together  when  one  or  more  of  the  pieces  draws  or  pulls. 
The  carpenter  mud  always  fuppofe  them  all  compafs 
joints  when  he  calculates  the  thruds  and  draughts  of  the 
different  pieces  of  his  frames.  The  drains  on  joints, 
and  their  power  to  produce  or  balance  them,  are  of  a 
different  kind,  and  require  a very  different  examination. 
General  ex-  Seeing  that  the  angles  which  the  pieces  make  with 
preffion  of  each  other  are  of  fuch  importance  to  the  magnitude 
the  magni-  and  the  proportion  of  the  excited  drains,  it  is  proper  to 
tude  of  the  g^d  out  fome  way  of  readily  and  compendioufly  con- 
ceiving and  expreffing  this  analogy. 

In  general,  the  drain  on  any  piece  is  proportional  to 
the  draining  force.  This  is  evident. 

Secondly,  the  drain  on  any  piece  AC  is  proportional 
to  the  fine  of  the  angle  which  the  draining  force  makes 
w'ith  the  other  piece  direftly,  and  to  the  fine  of  the 
angle  which  the  pieces  make  with  each  other  inverfely. 

For  it  is  plain,  that  the  three  preffures  AE,  AF, 
and  AG,  which  are  exerted  at  the  point  A,  are  in  the 
proportion  of  the  lines  AE,  AF,  and  FE  (becanfe  FE 
is  equal  to  AG).  But  becaufe  the  fides  of  a triangle 
are  proportional  to  the  fines  of  the  oppofite  angles,  the 
drains  are  proportional  to  the  fines  of  the  angles  AFE, 
AEF,  and  FAE.  But  the  fine  of  AFE  is  the  fame 
with  the  line  of  the  angle  CAD,  which  the  two  pieces 
AC  and  AD  make  with  each  other ; and  the  fine  of 
AFE  is  the  fame  with  the  fine  of  EAD,  which  the 
draining  piece  BA  makes  with  the  piece  AC.  There- 
fore we  have  this  analogy.  Sin.  CAD  ; Sin.  EAD  = 

Sin.  EAD 


drain. 


AE  : AF,  and  AF  = AE  X‘ 


-Now  the  . 


Sin.  CAD* 

fine  of  angles  are  mod  conveniently  conceived  as  deci- 
mal Iradions  of  the  radius,  which  is  conddered  as  uni- 
ty.- Thus,  Sm.  30°  is  the  fame  thing  wfith  0,5,  or  \\ 
and  fo  of  others.  Therefore,  to  have  the  drain  on  AC, 
arifing  from  any  load  AE  adiing  in  the  diredtion  AE, 
multiply  AE  by  the  fine  of  EAD,  and  divide  the  pro- 
dudt  by  the  fine  of  CAD. 

This  rule  drew's  how  great  the  drains  mud  be  wffien 
the  angle  CAD  becomes  very  open,  approaching  to 
180  degrees.  But  when  the  angle  CAD  becomes  very 
fmall,  its  fine  (w'hich  is  our  divifor)  is  alfo  very  final!; 
and  we  Ihould  expedl  a very  great  quotient  in  this  cafe 
alfo.  But  we  mud  obferve,  that  in  this  cafe  the  fine  cf 


EAD  is  alfo  very  fmall ; and  this  is  our  multiplier.  In 
fuch  a cafe,  the  quotient  cannot  exceed  unity. 

But  it  is  unneceffary  to  confider  the  calculation  by 
the  tables  of  fines  more  particularly.  The  angles  are 
feldom  known  any  otherwife  but  by  drawing  the  figure 
of  the  frame  of  carpentry.  In  this  cafe,  w'e  can  al- 
w'ays  obtain  the  meafures  of  the  drains  from  the  fame 
fcale,  with  equal  accuracy,  by  drawing  the  parallelo- 
gram AFCG. 

Hitherto  we  have  confidered  the  drains  excited  at 
A only  as  they  affect  the  pieces  on  which  they  are  ex- 
erted. But  the  pieces,  in  order  to  fudain,  or  be  fubjedt 
to,  any  drain,  mud  be  fupported  at  their  ends  C and 
D ; and  we  may  confider  them  as  mere  intermediums, 
by  which  thefe  drains  are  made  to  adt  on  thofe  points 
of  fupport : Therefore  AF  and  AG  are  alfo  mea- 
fnres  of  the  forces  which  prefs  or  pull  at  C and  D. 
Thus  w'e  learn  the  fupports  which  mud  be  found  for 
thefe  points.  Thefe  may  be  infinitely  various.  We 
fliall  attend  only  to  fuch  as  fomehow  depend  on  the 
framing  itfelf. 

Such  a drudlure  as  fig.  ii.  very  frequently  occurs, 
wffiere  a beam  BA  is  ftrongly  preffed  to  the  end  of  an- 
other beam  AD,  which  is  prevented  from  yielding, 
both  becaufe  it  lies  on  another  beam  HD,  and  becaule 
its  end  D is  hindered  from  diding  backwards.  It  is 
indifferent  from  what  this  preffure  arifes  : we  have  re- 
prefented  it  as  owing  to  a weight  hung  on  at  B,  while 
B is  withheld  from  yielding  by  a rod  or  rope  hooked 
to  the  wall.  The  beam  AD  may  be  fuppofed  at  fall 
liberty  to  exert  all  its  preffure  on  D,  as  if  it  were  fup- 
ported on  rollers  lodged  in  the  beam  HD  ; but  the 
loaded  beam  BA  preffes  both  on  the  beam  AD  and  on 
HD.  We  wiffi  only  to  know  what  (train  is  borne  by 
AD? 

All  bodies  aft  on  each  other  in  the  direfllon  perpen- 
dicular to  their  touching  furfaces ; therefore  the  fup- 
port given  by  HD  is  in  a direflion  perpendicular  to  it. 
We  may  therefore  fupply  its  place  at  A by  a beam 
AC,  perpendicular  to  HD,  and  firmly  fupported  at  C. 
In  this  cafe,  therefore,  we  may  take  AE,  as  before,  to 
l eprefent  the  preffure  exerted  by  the  loaded  beam,  and 
draw  EG  perpendicular  to  AD,  and  EF  parallel  to  it, 
meeting  the  perpendicular  AC  in  F.  Then  AG  is  the 
ftrain  compreffing  AD,  and  AF  is  the  preffure  on  the 
beam  HD. 

It  may  be  thought,  that  fince  we  affume  as  a prin- 
ciple  that  the  mutual  preffures  of  folid  bodies  are  exert- 
ed perpendicular  to  their  touching  furfaces,  this  ba- 
lance of  preffures,  in  framings  of  timbers,  depends  on 
the  direftlons  of  their  butting  joints:  but  it  does  not, 
as  vfill  readily  appear  by  confidering  the  prefent  cafe. 
Let  the  joint  or  abetment  of  the  two  pieces  BA,  AD 
be  mitred,  in  the  ufual  manner,  in  the  direfliony’A//. 
Therefore,  if  A e be  drawn  perpendicular  to  Af,  it 
wnll  be  the  direflion  of  the  aftual  preffure  exerted  by 
the  loaded  beam  BA  on  the  beam  AD.  But  the  re- 
aflion  of  AD,  in  the  oppofite  direftion  A t,  will  n-ot 
balance  the  preflure  of  BA  ; becaufe  it  is  not  in  the 
direffion  precifely  oppofite.  BA  will  therefore  Aide 
along  the  joint,  and  prefs  on  the  beam  HD.  AE  re- 
prefents  the  load  on  tlie  mitre  joint  A.  Draw  E e per- 
pendicular to  A e,  and  E / parallel  to  it.  The  preffure 
AE  will  be  balanced  by  the  reaftions  e A and f A:  or, 
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the  preflure  AE  produces  the  preflures  A e and  A f ; diredtion.  This  muft  arife  from  a fmiilar  oblique  thrull 
of  which  A f muft  be  refifted  by  the  beam  HD,  and  of  the  oppofite  rafter  on  the  other  end  D.  We  con- 
A e by  the  beam  AD.  The  preflure  A f not  being  cern  ourfelves  only  with  this  extenfion  at  prefent ; but 
perpendicular  to  HD,  cannot  be  fully  refifted  by  it  j we  fee  that  the  cohefion  of  the  beam  does  nothing  but 
becaufe  (by  our  aflumed  principle)  it  reacts  only  in  fupply  the  balance  to  the  extending  forces.  It  muft 
a diredtion  perpendicular  to  its  furface.  Therefore  draw  ftill  be  fupported  externally,  may  rejtjl,  and,  by 

fpifi  parallel  to  HD,  and  perpendicular  to  it.  The  refilling  obliquely,  be  ftretched.  The  points  C and  D 
preffure  h f will  be  refifted  by  HD  with  the  force  p A. ; are  fupported  on  the  walls,  which  they  prefs  in  the  di- 
but  there  is  required  another  force  i A,  to  prevent  the  redtions  CK  and  DO,  parallel  to  A b.  If  we  draw  HK 


beam  BA  from  flipping  outwards.  This  muft  be  furnilh- 
cd  by  the  readtion  of  the  beam  DA. — In  like  manner, 
the  other  force  A e cannot  be  fully  refifted  by  the  beam 
AD,  or  rather  by  the  prop  D,  adling  by  the  interven- 
tion of  the  beam ; for  the  adtion  of  that  prop  is  exert- 
ed through  the  beam  in  the  diredtion  DA.  The 
beam  aD,  therefore,  is  prefled  to  the  beam  HD  by 
the  force  A as  well  as  by  Kf.  To  find  what  this 
preflure  on  HD  is,  draw  eg  perpendicular  to  HD,  and 
e 0 parallel  to  it,  cutting  EG  in  r.  The  forces  g A 
and  0 A will  refift,  and  balance  A 

Thus  we  fee,  that  the  two  forces  A e and  A f,  which 
are  equivalent  to  AE,  are  equivalent  alfo  to  A />,  A /, 
A 0,  and  Ag.  But  becaufe  A f and  e E are  equal  and  pa- 
rallel, and  E r and  f i are  alfo  parallel,  as  alfo  e r and 
f py  it  is  evident,  that  i f is  equal  to  r E,  or  to  o F,  and 
;■  A is  equal  to  r e,  or  to  G^.  Therefore  the  four  forces 
A A 0,  Ap,  A i,  are  equal  to  AG  and  AF.  There- 
fore AG  is  the  compreffion  of  the  beam  AD,  or  the 
force  prefTing  it  on  D,  and  A F is  the  force  prefTing  it 
on  the  beam  HD.  The  proportion  of  thefe  preffures, 
therefore,  is  not  affedled  by  the  form  of  tire  joint. 


parallel  to  DC,  and  HI  parallel  to  CK  (that  is,  to  A^), 
meeting  DC  produced  in  I,  it  follows  from  the  com- 
pofition  of  forces,  that  the  point  C would  be  fupported 
by  the  two  forces  KC  and  1C.  In  like  manner,  mak- 
ing DN  z=  A^,  and  completing  the  parallelogram 
DMNO,  the  point  D would  be  fupported  by  the  forces 
OD  and  MD.  If  we  draw'^o  and  /"i  parallel  to  DC, 
it  is  plain  that  they  are  equal  to  NO  and  CK,  while 
Ao  and  Ai  are  equal  to  DO  and  CK,  and  A ^ is 
equal  to  the  fum  of  DO  and  CK  (becaufe  it  is  equal  to 
A 0 -f-  A ^).  The  weight  of  the  roof  is  equal  to  its 
vertical  prefTure  on  the  w^alls. 

Thus  we  fee,  that  while  a preflure  on  A,  in  the  di- 
redtion A b,  produces  the  ftrains  A f and  A g,  on  the 
pieces  AC  and  AD,  it  alfo  excites  a ftrain  Cl  or  DM 
in  the  piece  DC.  And  this  completes  the  mechanifm 
of  a frame  ; for  all  derive  their  efficacy  from  the  tri- 
angles of  which  they  are  compofed,  as  will  appear  more 
clearly  as  we  proceed. 

But  there  is  more  to  be  learned  from  this.  The  £xteriul 
confideration  of  the  ftrains  on  the  two  pieces  AD  and  adtion  of  a 
AC,  by  the  adtion  of  a force  at  A,  only  fhewed  them  frame. 


This  remark  is  important ; for  many  carpenters  think  as  the  means  of  propagating  the  fame  ftrains  in  their 


the  form  and  diredtion  of  the  butting  joint  of  great 
importance  ; and  even  the  theorift,  by  not  profecuting 
the  general  principle  through  all  Its  confequences,  may 
be  led  into  an  error.  The  form  of  the  joint  is  of  no 
importance,  in  as  far  as  it  affedts  the  ftrains  in  the  direc- 
tion of  the  beams  ; but  it  is  often  of  great  confequence, 
in  refpedt  to  its  own  firmnefs,  and  the  effedl  it  may 
have  in  bruifing  the  piece  on  which  it  adls,  or  being 


own  diredtion  to  the  points  of  fupport.  But,  by  add- 
ing the  ftrains  exerted  in  DC,  we  fee  that  the  frame 
becomes  an  intermedium,  by  which  exertions  may  be 
made  on  other  bodies,  in  certain  diredlions  and  propor- 
tions ; fo  that  this  frame  may  become  part  of  a more 
complicated  one,  and,  as  it  were,  an  element  of  its  con- 
ftitution.  It  is  worth  while  to  afcertain  the  proportion 
of  the  prefliires  CK  and  DO,  which  are  thus  exerted 
on  the  walls.  The  fimilarity  of  triangles  gives  the  fol- 


crippled  by  it. 

The  fame  compreffion  of  AB,  and  the  fame  thruft  on  lowing  analogies  : 
the  point  D by  the  intervention  of  AD,  will  obtain,  in  DO  : DM  = A ^ : 3 D 

whatever  way  the  original  prelfure  on  the  end  A is  pro-  Cl,  or  DM  ; CK  = C b : Ab 

duced.  Thus  fuppofing  that  a chord  is  made  fall  at  Therefore  DO  : CK  z=  Cb  : ^ D. 

A,  and  pulled  in  the  diredtion  AE,  and  with  the  fame  Or,  tbe  prejjures  on  the  points  C and  D, 


in  the  d'lredlion 


force,  the  beam  AD  will  be  equally  comprefled,  and 
the  prop  D muft  react  with  the  fame  force. 

But  it  often  happens  that  the  obliquity  of  the 
preflure  on  AD,  inftead  of  compreffing  it,  ftretches  it  ; 
and  we  delire  to  know  what  lenfion  it  fuftains.  Of  this 
we  have  a familiar  example  in  a common  roof.  Let 
the  two  rafters  AC,  AD  (fig.  I2.),  prefs  on  the  tie- 
beam  DC.  We  may  fuppofe  the  whole  weight  to  prefs 
vertically  on  the  ridge  A,  as  if  a weight  B were  hung 
on  there.  V/e  may  reprefent  this  weight  by  the  por- 
tion Ab  of  the  vertical  or  plumb  line,  intercepted  be- 
tween the  ridge  and  the  beam.  Then  drawing  b f and 
I g parallel  to  AD  and  AC,  A^  and  A f will  reprefent 
the  prelTures  on  AC  and  AD.  Produce  AG  till  CH 
be  equal  to  A f.  The  point  C is  forced  out  in  this  di- 
redtion, and  with  a force  reprefented  by  this  line.  As 
this  force  is  not  perpendicularly  acrofs  the  beam,  it  evi- 
dently ftretches  it;  and  this  extending  force  muft  be 
withftood  by  an  equal  force  pulling  it  in  the  oppofite 

SuPPL.  VoL.  I. 


of  the  Jlraining  force  A b,  are  reciprocally  proportional  to 
the  portions  D C intercepted  by  A b. 

Alfo,  fince  A (J  is  = DO  -f-  CK,  we  have 
A^:CK=:C^-}-^D  (or  CD)  : b D,  and 
A ^ : DO  = CD  : ^C. 

In  general,  any  two  of  the  three  parallel  forces  Aht 
DO,  CK,  are  to  each  other  In  the  reciprocal  propor- 
tion of  the  parts  of  CD,  intercepted  between  their  di- 
redtions  and  the  diredtion  of  the  third. 

And  this  explains  a ftill  more  important  office  of  the 
frame  ADC.  If  one  of  the  points,  fuch  as  D,  be  fup- 
ported, an  external  power  adting  at  A,  in  the  diredtion 
A b,  and  with  an  Intenfity  which  may  be  meafured  by 
A b,  may  be  fet  in  equilibrio,  with  another  adting  at  C, 
Inthe  diredtion  CL,  oppofite  to  CK  or  A b,  and  with 
intenfity  reprefented  by  CK:  for  fince  the  prelfure 
CH  Is  partly  withftood  by  the  force  IC,  or  the  firmnefs 
of  the  beam  DC  fupported  at  D,  the  force  KC  will 
complete  the  balance.  When  we  do  not  attend  to  the 
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fupport  at  D,  we  conceive  the  force  A ^ to  be  balanced 
by  KC,  or  KC  to  be  balanced  by  A b.  And,  in  like 
manner,  we  may  negleft  the  fupport  or  force  adling  at 
A,  and  conlider  the  force  DO  as  balanced  by  CK. 

Thus  our  frame  becomes  a lever,  and  we  are  able  to 
trace  the  interior  mechanical  procedure  which  gives  it 
its  efficacy : it  is  by  the  intervention  of  the  forces  of 
cohefion,  which  connedt  the  points  to  which  the  external 
forces  are  applied  with  the  fupported  point  or  fulcrum, 
and  with  each  other. 

Thefe  drains  or  preffiires  A b,  DO,  and  CK,  not  be- 
ing in  the  direflions  of  the  beams,  may  be  called  tranf- 
n:ierfe.  We  fee  that  by  their  means  a frame  of  carpen- 
try may  be  confidered  as  afolid  body  : but  the  example 
which  brought  this  to  our  view  is  too  limited  for  ex- 
plaining the  efficacy  which  may  be  given  to  fuch  con- 
ftrudlions.  We  (hall  therefore  give  a general  propor- 
tion, which  will  more  diftindtly  explain  the  procedure 
of  nature,  and  enable  us  to  trace  the  drains  as  they  are 
propagated  through  all  the  parts  of  the  mod  complica- 
ted framing,  finally  producing  the  exertion  of  its  mod 
didant  points. 

We  prefume  that  the  reader  is  now  pretty  well  habi- 
tuated to  the  conception  of  the  drains  as  they  are  pro- 
pagated along  the  lines  joining  the  points  of  a frame, 
and  we  (hall  therefore  employ  a very  fimple  figure. 

Let  the  drong  lines  ACBD  (fig.  13.)  reprefent  a 
frame  of  carpentry.  Suppofe  that  it  is  pulled  at  the 
point  A by  a force  adting  in  the  diredtion  AE,  but 
that  it  reds  on  a fixed  point  C,  and  that  the  other  ex- 
treme point  B is  held  back  by  a power  which  refids  in 
the  diredtion  BF  : It  is  required  to  determine  the  pro- 
portion of  the  drains  excited  in  its  different  parts,  the 
proportion  of  the  external  preffures  at  A and  B,  and 
the  preffure  which  is  produced  on  the  obdacle  or  ful- 
crum C ? 

It  is  evident  that  each  of  the  external  forces  at  A 
and  B tend  one  way,  or  to  one  fide  of  the  frame,  and 
that  each  would  caufe  it  to  turn  round  C if  the  other 
did  not  prevent  it ; and  that  if,  notwithdanding  their  ac- 
tion, it  is  turned  neither  way,  the  forces  in  adlual  exer- 
tion are  in  equilibrio  by  the  intervention  of  the  frame. 
It  is  no  lefs  evident  that  thefe  forces  concur  in  preffing 
the  frame  on  the  prop  C.  Therefore,  if  the  piece  CD 
were  away,  and  if  the  joints  C and  D be  perfedlly  flexi- 
ble, the  pieces  CA,  CB  would  be  turned  round  the  prop 
C,  and  the  pieces  AD,  DB  would  alfo  turn  with  them, 
and  the  whole  frame  change  its  form.  This  fhews, 
by  the  way,  and  we  defire  it  to  be  carefully  kept  in 
mind,  that  the  firmnefs  or  diffnefs  of  framing  depends 
entirely  on  the  triangles  bounded  by  beams  which  are 
contained  in  it.  An  open  quadrilateral  may  always 
change  its  drape,  the  fides  revolving  round  the  angles. 
A quadrilateral  may  have  an  infinity  of  forms,  without 
any  change  of  its  fides,  by  merely  puflring  two  oppo- 
fite  angles  towards  each  other,  or  drawing  them  afun- 
der.  But  when  the  three  fides  of  a triangle  are  deter- 
mined, its  drape  is  alfo  invariably  determined  ; and  if 
two  angles  be  held  fad,  the  third  cannot  be  m.oved.  It 
is  thus  that,  by  inferring  the  bar  CD,  the  figure  be- 
comes unchangeable  ; and  any  attempt  to  change  it  by 
applying  a force  to  an  angle  A,  immediately  excites 
forces  of  attrafrion  or  repulfion  between  the  particles 
of  the  duff  which  form  its  fides.  Thus  it  happens,  in 
the  prefent  indance,  that  a change  of  drape  is  prevented 
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by  the  bar  CD.  The  power  at  A preffes  its  end  agalnft 
the  prop  ; and  in  doing  this  it  puts  the  bar  AD  on  the 
dretch,  and  alfo  the  bar  DB.  Their  places  might  there- 
fore be  fapplied  by  cords  or, metal  wires.  Hence  it  is 
evident  that  DC  is  compreffed,  as  is  alfo  AC  ; and,  for 
the  fame  reafon,  CB  is  alfo  in  a date  of  compreffion ; 
for  either  A or  B may  be  confidered  as  the  point  that 
is  impelled  or  withheld.  Therefore  DA  and  DB  are 
dretched,  and  are  refiding  with  attrafrive  forces.  DC 
and  CB  are  compreffed,  and  are  refiding  with  repulfive 
forces.  DB  is  alfo  afring  with  repulfive  forces,  being 
compreffed  in  like  manner  : and  thus  the  fupport  of 
the  prop,  combined  with  the  firmnefs  of  DC,  puts  the 
frame  ADBC  into  the  condition  of  the  two  frames  in 
fig.  8.  and  fig.  9.  Therefore  the  external  force  at  A 
is  really  in  equilibrio  with  an  attradling  force  adling  in 
the  diredtion  AD,  and  a repulfive  force  adting  in  the 
diredtion  AK.  And  fince  all  the  connedting  forces  are 
mutual  and  equal,  the  point  D is  pulled  or  drawn  in  the 
diredtion  DA.  The  condition  of  the  point  B is  fimi- 
lar  to  that  of  A,  and  D is  alfo  drawn  in  the  diredtion 
DB.  Thus  the  point  D,  being  urged  by  the  forces  in 
the  diredtions  DA  and  DB,  preffes  the  beam  DC  on 
the  prop,  and  the  prop  refifts  in  the  oppofite  diredtion. 
Therefore  the  line  DC  is  the  diagonal  of  the  parallelo- 
gram, whofe  fides  have  the  proportion  of  the  forces 
which  connedt  D with  A and  B.  This  is  the  prin- 
ciple on  which  the  reft  of  our  inveftigation  proceeds. 
We  may  take  DC  as  the  reprefentation  and  meafure  of 
their  joint  effedt.  Therefore  draw  CH,  CG,  parallel 
to  DA,  DB.  Draw  HL,  GO,  parallel  to  CA,  CB, 
cutting  AE,  BF  in  L and  O,  and  cutting  DA,  DB 
In  I and  M.  Complete  the  parallelograms  ILKA, 
MONB.  Then  DG  and  AI  are  the  equal  and  oppo- 
fite forces  which  connedt  A and  D ; for  GD  = CH, 
= AI.  In  like  manner  DH  and  BM  are  the  forces 
which  connedt  D and  B. 

The  external  force  at  A is  in  immediate  equilibrio 
with  the  combined  forces,  connedting  A with  D and 
with  C.  AI  is  one  of  them  : Therefore  AK  is  the 
other ; and  AL  is  the  compound  force  with  which 
the  external  force  at  A is  in  immediate  equilibrium. 
This  external  force  is  therefore  equal  and  oppofite  to 
AL.  In  like  manner,  the  external  force  at  B is  equal 
and  oppofite  to  BO  ; and  AL  is  to  BO  as  the  exter- 
nal force  at  A to  the  external  force  at  B.  The  prop 
C refifts  with  forces  equal  to  thofe  which  are  propagated 
to  it  from  the  points  D,  A,  and  C-  Therefore  it  re- 
fifts with  forces  CH,  CG,  equal  and  oppofite  to  DG, 
DH ; and  it  refifts  the  compreffions  KA,  NB,  with 
equal  and  oppofite  forces  C i,  C«.  Draw  kl,  no  pa- 
rallel to  AD,  BD,  and  draw  C /Q,  C 0 P : It  is  plain 
thati^CH/is  a parallelogram  equal  to  KAIL,  and  that 
C/is  equal  to  AL.  In  like  manner  Co  is  equal  to 
BO.  Now  the  forces  C k,  CH,  exerted  by  the  prop, 
compofe  the  force  C 1 ; and  C n,  CGcompofe  the  force 
C 0.  Thefe  two  forces  Cl,  C 0 are  equal  and  parallel 
to  AL  and  BO  ; and  therefore  they  are  equal  and  op- 
pofite to  the  external  forces  adting  at  A and  B.  But 
they  are  (primitively)  equal  and  oppofite  to  the  pref- 
fures.(or  at  leaft  the  compounds  of  the  preffures)  exert- 
ed on  the  prop,  by  the  forces  propagated  to  C from 
A,  D,  and  B.  Therefore  the  preffures  exerted  on  the 
prop  are  the  fame  as  if  the  external  forces  were  applied 
there  in  the  fame  diredtions  as  they  are  applied  to  A 
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-and  B.  Now  if  we  make  CV,  CZ  equal  to  C / and  C 0, 
and  complete  the  parallelogram  CVYZ  ; it  is  plain  that 
the  force  YC  is  in  equilibrio  with  / C and  0 C.  There- 
fore the  preflures  at  A,  C,  and  B,  are  fuch  as  would 
balance  if  applied  to  one  point. 

Laftly,  in  order  to  determine  their  proportions,  draw 
CS  and  CR  perpendicular  to  DA  and  DB.  Alfo  draw 
A 6?,  B/ perpendicular  to  CQ^and  CP;  and  draw  C^, 
C t perpendicular  to  AE,  BE. 

The  triangles  CPR  and  BPy"are  fimilar,  having  a 
common  angle  P,  and  a right  angle  at  R and  f. 

In  like  manner  the  triangles  CQS  and  A Qj/  are  fi- 
milar.  Alfo  the  triangles  CHR,  CGS  are  fimilar,  by 
reafon  of  the  equal  angles  at  H and  G,  and  the  right 
angles  at  R and  S.  Hence  we  obtain  the  following 
analogies : 

C o : CP  = O « ; PB,  = CG  : PB 
CP  :CR=  PB  : /B 

CR:CS=  CH:CG 

CS  ;CQ=  AJ:  AQ 

CQj  C I = AQ_:  K /,  = AQ^:  CH. 

Therefore,  by  equality, 

Co:C/=  Ad:fT!> 

or  BO  : AL  =:  C^  j C 

That  is,  the  external  forces  are  reciprocally  propor- 
tional to  the  perpendiculars  drawn  from  the  prop  on 
the  lines  of  their  direction  (a). 

This  propofltion  (fufficiently  general  for  our  pur- 
pofe)  is  fertile  in  confequences,  and  furnifhes  many  ufe- 
ful  inftrudlions  to  the  artift.  The  ftrains  LA,  OB, 
CY,  that  are  excited,  occur  in  many,  we  may  fay  in  all, 
framings  of  carpentry,  whether  for  edifices  or  engines, 
and  are  the  fources  of  their  efficacy.  It  is  alfo  evident, 
that  the  dodtrine  of  the  tranlverfe  ftrength  of  timber  is 
contained  in  this  propofition  ; for  every  piece  of  timber 
may  be  confidered  as  an  aflemblage  of  parts,  connedted 
by  forces  which  adl  in  the  diredlion  of  the  lines  which 
join  the  ftrained  points  on  the  matter  which  lies  be- 
tween ihofe  points,  and  alfo  adl  on  the  reft  of  the  mat- 
ter, exciting  thofe  lateral  forces  which  produce  the  in- 
flexibility of  the  whole.  See  Strength  of  Materials^ 
Encycl. 

Thus  it  appears  that  this  propofition  contains  the 
principles  which  diredl  the  artift  to  frame  the  moft 
powerful  levers ; to  fecure  uprights  by  fhores  or  bra- 
ces, or  by  ties  and  ropes;  to  fecure fcaffoldings  for  the 
eredtion  of  fpires,  and  many  other  moft  delicate  pro- 


blems of  his  art.  He  alfo  learns,  from  this  propofition, 
how  to  afcertain  the  ftrains  that  are  produced,  without 
his  intention,  by  pieces  which  he  intended  for  other  of- 
fices, and  which,  by  their  tranfverfe  adtion,  put  his 
work  in  hazard.  la  fnort,  this  propofition  is  the  key 
to  the  fclence  of  his  art. 

We  would  now  counfel  the  artift,  after  he  has  made 
the  tracing  of  the  ftrains  and  thrufts  through  the  va- 
rious parts  of  a frame  familiar  to  his  mind,  and  even 
amufed  himfelf  with  foine  complicated  fancy  framings, 
to  read  over  with  care  the  articles  Strength  of  Mate-  - 
rials  and  Roof  in  the  Encyclopedia.  He  will  now  con- 
ceive its  dodtrines  much  more  clearly  than  w’hen  he 
was  confidering  them  as  abftradl  theories.  The  mu- 
tual adtion  of  the  woody  fibres  will  now  be  eafily  com- 
prehended, and  his  confidence  In  the  refults  will  be 
greatly  increafed.  jg 

There  is  a propofition  (n°  19.  in  the  article  Roof)  Decifion  of 
which  has  been  called  in  queftion  by  feveral  very  iiitel-  a difputed 
ligent  perfons ; and  they  fay  that  Belldor  has  demon-  “d  very 
ftrated,  in  bis  Science  des  Ingenieurs,  that  abeam 
firmly  fixed  at  both  ends  Is  not  twice  as  ftrong  as  when  " ^ 

fimply  lying  on  the  props,  and  that  its  ftrength  is  in- 
creafed only  in  the  proportion  of  2 to  3 ; and  they 
fupport  this  determination  by  a lift  of  experiments  re- 
cited by  Belidor,  which  precifely  with  it..  Belidor 
alfo  fays,  that  Pitot  had  the  fame  refult  in  his  experi- 
ments. Thefe  are  refpedtable  authorities  : but  Beli- 
dor’s  reafoning  is  any  thing  but  demonftration ; and 
his  experiments  are  defcribed  in  fuch  an  Imperfedt  man- 
ner, that  we  cannot  build  much  on  them.  It  is  not 
faid  in  what  manner  the  battens  were  fecured  at  the 
ends,  any  farther  than  that  it  was  by  chevalets.  If  by 
this  word  is  meant  a trefsle,  we  cannot  conceive  how 
they  were  employed  ; but  we  fee  it  fometimes  ufed  for 
a wedge  or  key.  If  the  battens  were  wedged  In  the 
holes,  their  refiftance  to  fradtUre  may  be  made  what  we 
pleafe  : they  may  be  loofe,  and  therefore  refill  little 
more  than  when  fimply  laid  on  the  props.  They  may 
be  (and  probably  were)  wedged  very  fall,  and  bruifed 
or  crippled. 

Our  propofition  mentioned  diftindlly  the  fecurity 
given  to  the  ends  of  the  beams.  They  were  mortifed 
into  remote  polls.  Our  precife  meaning  was,  that  they 
were  fimply  kept  from  rifing  by  thefe  mortifes,  but  at 
full  liberty  to  bend  up  between  E and  I,  and  between 
G and  K.  Our  alfertion  was  not  made  from  theory 

E e 2 alone 


(a)  The  learned  reader  will  perceive,  that  this  analogy  is  precifely  the  fame  with  that  of  forces  which  are  in 
equilibrio  by  the  intervention  of  a lever.  In  fadt,  this  whole  frame  of  carpentry  is  nothing  elfe  than  a built  or 
framed  lever  in  equilibrio.  It  is  adting  in  the  fame  manner  as  a folid,  which  occupies  the  whole  figure  compref- 
fed  in  the  frame,  or  as  a body  of  any  fize  and  lhape  whatever  that  will  admit  the  three  points  of  application 
A,  C,  and  B.  It  is  always  in  equilibrio  in  the  cafe  firft  Hated  ; becaufe  the  prelTure  produced  at  B by  a force 
applied  to  A Is  always  fuch  as  balances  it.  The  reader  may  alfo  perceive,  in  this  propofition,  the  analyfis  or  tra- 
cing of  thofe  internal  mechanical  forces  which  are  indifpenfably  requifite  for  the  fundions  of  a lever.  The  me- 
chanicians have  been  extremely  puzzled  to  find  a legitimate  demonftration  of  the  equilibrium  of  a lever  ever  fince 
the  days  of  Archimedes.  Mr  Vince  has  the  honour  of  firft  demonftrating,  moft  ingenioufly,  the  principle  af* 
fumed  by  Archimedes,  but  without  fufficient  ground  for  his  demonftration:  but  Mr  Vince’s  demonftration  is 
only  a putting  the  mind  into  that  perplexed  ftate  which  makes  it  acknowledge  the  propofition,  but  vcithout  a 
clear  perception  of  its  truth.  The  difficulty  has  proceeded  from  the  abftrad  notion  of  a lever,  conceiving  it  as 
a mathematical  line — inflexible,  without  reflcding  how  it  is  inflexible — for  the  very  fource  of  this  Indifpenfable 
quality  furnifhes  the  mechanical  connedion  between  the  remote  preffures  and  the  fulcrum  ; and  this  fupplies  the 
demonftration  (without  the  lead  difficulty)  of  the  defperate  cafe  of  a llraight  lever  urged  by  parallel  forces. 
See  Rotation,  11°  ii.  Encycl. 
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alone  (although  we  think  the  reafoning  incontroverti-  elFefV.  It  is  undoubtedly  connefted  with  the  ferpen- 
ble),  but  was  agreeable  to  numerous  experiments  made  tine  form  of  the  curve  of  the  beam  before  fradture. 
in  thofe  precife  circumftances.  Had  we  mortifed  the  This  ftiould  be  attended  to  in  the  conftrudlion  of  the 
beams  firmly  into  two  very  ftout  pofts,  which  could  not  fprings  of  carriages.  Thefe  are  frequently  fupported 
be  drawn  nearer  to  each  other  by  bending,  the  beam  at  a middle  point  (and  it  is  an  excellent  pradice),  and 
W'ould  have  borne  a much  greater  W’eight,  as  we  have  there  is  a certain  proportion  which  will  give  the  eafieft 
verified  by  experiment.  We  hope  that  the  following  motion  to  the  body  of  the  carriage.  We  alfo  think 
mode  of  conceiving  this  cafe  wdll  remove  all  doubts.  that  it  is  conncded  with  that  deviation  from  the  beft 
Let  LM  be  a long  beam  (fig.  14.)  divided  into  fix  theory  obfervable  in  BulFon’s  experiments  on  various 
equal  parts,  in  the  points  D,  B,  A,  C,  E.  Let  it  be  lengths  of  the  fame  fcantling.  The  force  of  the  beams 
firmly  fupported  at  L,  B,  C,  M.  Let  it  be  cut  thro’  diminifhed  much  more  than  in  the  inverfe  proportion 
at  A,  and  have  compafs  joints  at  B and  C.  Let  FB,  of  their  lengths. 

GC  be  two  equal  uprights,  refiing  on  B and  C,  but  We  havefeen  that  it  depends  entirely  on  the  pofition  Ties  are  i» 
without  any  connedion.  Let  AH  be  a fimilar  and  of  the  pieces  in  refped  of  their  points  of  ultimate  fup  generalbet- 
cqual  piece,  to  be  occafionally  apphed  at  the  feam  A.  port,  and  of  the  diredion  of  the  external  force  which  ter  than 
Now  let  a thread  or  wire  AGE  be  extended  over  the  produces  the  flrains,  whether  any  particular  piece  is  in  ^^uts. 
piece  GC,  and  made  fart  at  A,  G,  and  E.  Let  the  a Hate  of  extenfion  or  of  compreffion.  The  knowledge 
fame  thing  be  done  on  the  other  fide  of  A.  If  a weight  of  this  circumflance  may  greatly  influence  us  in  the 
be  now  laid  on  at  A,  the  wires  AFD,  AGE  will  be  choice  of  the  conftrudion.  In  many  cafes  v-e  may  fub- 
ftrained,  and  may  be  broken.  In  theinftant  of  fradure  ftitute  {lender  iroit  rods  for  maffive  beams,  when  the 
we  may  fuppofe  their  {trains  to  be  reprefented  hy  h.  f piece  is  to  ad  the  part  of  a tie.  But  we  muft  not  in- 
and  Ag.  Complete  the  parallelogram,  and  A is  the  veit  this  difpofition  ; for  when  a piece  of  timber  ads  as 
magnitude  of  the  weight.  It  is  plain  that  nothing  is  a (trut,  and  is  in  a ftate  of  comprefllon,  it  is  next  to 
concerned  here  but  the  cohefion  of  the  wires;  for  the  certain  that  it  is  not  equally  compreflible  in  itsoppofite 
beam  is  fawed  through  at  A,  and  its  parts  are  perfedly  fides  through  the  whole  length  of  the  piece,  and  that 
moveable  round  B and  C.  the  compreffing  force  on  the  abutting  joint  is  not  ad. 

Inftead  of  this  procefs  apply  the  piece  AH  below  A,  ing  in  the  moft  equable  manner  all  over  the  joint.  A 
and  keep  it  there  by  {training  the  fame  wire  BHC  over  very  trifling  inequality  in  either  of  thefe  circumftances 
it.  Now  lay  on  a weight.  It  muft  prefs  down  the  (efpecially  in  the  firft)  will  comprefs  the  beam  more  on 
ends  of  BA  and  CA,  and  caufe  the  piece  AH  to  ftrain  one  fide  than  on  the  other.  This  cannot  be  without 
the  wire  BHC.  In  the  inftant  of  fradure  of  fame  the  beam’s  bending,  and  becoming  concave  on  that 
wire,  its  refiftances  H^  and  He  muft  be  equal  io  Af  fide  on  which  it  is  moft  comprelTed.  When  this  hap- 
and  A^,  and  the  weight  h H w hich  breaks  them  muft  pens,  the  frame  is  in  danger  of  being  crulhed,  and  foon 
be  equal  to  Aa.  go'og  to  ruin.  It  is  therefore  indiCpenlably  necelTary 

Laftly  em,ploy  all  the  three  pieces  FB,  AH,  GC,  to  make  ufe  of  beams  in  all  cafes  W'here  ftruts  are  re- 
with  the  fame  wire  attached  as  before.  There  can  be  quired  of  confiderable  length,  rather  than  of  metal  rods 
no  doubt  but  that  the  weight  w'hich  breaks  all  the  four  of  flender  dimenfions,  unlefs  in  fituations  where  we  can 
wires  muft  be=  A+  H,  or  twice  A a.  effedually  prevent  their  bending,  as  in  truffing  a girder 

The  reader  cannot  but  fee  that  the  wares  perform  the  internally,  w’here  a caft  iron  ftrut  may  be  firmly  cafed 
very  fame  office  wfith  the  fibres  of  an  entire  beam  LM  in  it,  fo  as  not  to  bend  in  the  fmalleft  degree.  In  cafes 
held  faft  in  the  four  holes  D,  B,  C,  and  E,  of  fome  where  the  prelTures  are  enormous,  as  in  the  very  oblique 
upright  pofts.  ftruts  of  a centre  or  arch  frame,  we  muft  be  particularly 

In  the  experiments  for  verifying  this,  by  breaking  cautious  to  do  nothing  which  can  facilitate  the  compref- 
flender  bars  of  fine  deal,  w^e  get  complete  demonftra-  fion  of  either  fide.  No  mortifes  fliould  be  cut  near  to 
tion,  by  rneafuring  the  curvatures  produced  in  the  parts  one  fide  ; no  lateral  prelTures,  even  the  flighted,  fhould 
of  the  beam  thus  held  down,  and  comparing  them  with  be  allow^ed  to  touch  it.  We  have  feen  a pillar  of  fir  12 
the  curvature  of  a beam  Amply  laid  on  the  props  B and  inches  long  and  one  inch  in  feflion,  when  loaded  with 
C : and  there  are  many  curious  inferences  to  be  made  three  tons,  fnap  in  an  inftant  when  prelTed  on  one  fide 
from  thefe  obfervations,  but  we  have  not  room  for  them  by  16  pounds,  while  another  bore  44- tons  without 
in  this  place.  hurt,  becaufe  it  was  inclofed  (loofely)  in  a ftout  pipe 

We  may  obferve,  by  the  way,  that  we  learn  from  of  iron, 
this  cafe,  that  purlins  are  able  to  carry  t wice  the  load  In  fuch  cafes  of  enormous  comprefllon,  it  is  of  great 
w’hen  notched  into  the  rafters  that  they  carry  when  importance  that  the  comprefline  force  bear  equally  on 
mortifed  into  them,  which  is  the  moft  ufual  manner  of  the  whole  abutting  furface.  The  German  carpenters 
framing  them.  So  wmuld  the  binding  joifts  of  floors;  are  accuftomed  to  put  a plate  of  lead  over  the  joint, 
but  this  would  double  the  thicknefs  of  the  flooring.  This  prevents,  in  fome  meafure,  the  penetration  of  the 
But  this  method  fhould  be  followed  in  every  poffible  end  fibres.  Mr  Perronet,  the  celebrated  French  ar« 
cafe,  fuch  as  breaft  fummers,  lintels  over  feveral  pillars,  chiterft,  formed  his  abutments  into  arches  of  circles,  the 
&c.  Thefe  fhould  never  be*cut  olF  and  mortifed  into  centre  of  which  was  the  remote  end  of  the  ftrut.  By 
the  fides  of  every  upright ; numberlefs  cafes  will  occur  this  contrivance  the  unavoidable  change  of  form  of  the 
which  fliew  the  importance  of  the  maxim.  triangle  made  no  partial  bearing  of  either  angle  of  the 

We  muft  here  remark,  that  the  proportion  of  the  fpa-  abutment.  This  always  has  a tendency  to  fplinter  off 
ces  BC  and  CM,  or  BC  and  LB,  has  a very  fenfible  the  heel  of  the  beam  where  it  preffes  ftrongeft.  It  is  a 
effect  on  the  ftrength  of  the  beam  BC ; but  we  have  very  judicious  pradice. 

not  yet  fatisfied  our  minds  as  to  the  rationale  of  this  When  circumftances  allow  it,  we  Ihould  rather  em. 

ploy 
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ploy  ties  than  ftruts  for  fecuring  a beam  againft  lateral 
ftrains.  When  an  upright  pillar,  fuch  as  a flag  (lafF,  a 
maft,  or  the  uprights  of  a very  tall  fcaffolding,  are  to  be 
fhoared  up,  the  dependence  is  more  certain  on  thofe 
braces  that  are  ftretched  by  the  ftrain  than  on  thofe 
which  are  cnmprefled.  Tlie  fcaffolding:  of  the  iron 


ends  beyond  the  props  are  kept  from  fifing,  as  it  will 
carry  when  it  refls  loofely  on  the  props. 

8.  Laflly,  the  tranfverfe  ftrain  on  any  feflion,  occa- 
fioned  by  a force  applied  obliquely,  is  diminifhed  in  the 
proportion  of  the  fine  of  the  angle  which  the  diredlion 
of  the  force  makes  with  the  beam.  Thus,  if  it  be  in- 


bridge near  Sunderland  had  fome  ties  very  judicioufly  dined  to  it  in  an  angle  of  thirty  degrees,  the  ftrain  is 


difpofed,  and  others  with  lefs  judgment. 

We  fhould  proceed  to  confider  the  tranfverfe  ftrains 
as  they  affeit  the  various  parts  of  a frame  of  carpentry  ; 
but  we  have  very  little  to  add  to  w’hat  has  been  faid 
already  in  the  article  Strength  of  Materials  (Encycl.) 
and  in  the  article  Roof.  What  we  (hall  add  in  this 
article  will  find  a place  in  our  occafional  remarks  on 
different  w'orks.  It  may,  however,  be  of  ufe  to  recal  to 
the  reader’s  memory  the  following  propolitions. 

1.  When  a beam  AB  (fig.  15.)  is  firmly  fixed  at  the 
end  A,  and  a ftraining  force  a6ts  perpendicularly  to  its 
length  at  any  point  B,  the  ftrain  occafioned  at  any  fec- 
tion  C between  B and  A is  proportional  to  CB,  and 
may  therefore  be  reprefented  by  the  produdf  W-}-CB  ; 
that  is,  by  the  prodndt  of  the  number  of  tons,  pounds, 
&c.  which  meafure  the  ftraining  force,  and  the  number 
of  feet,  inches,  &c.  contained  in  CB.  As  the  loads  on 
a beam  are  eafily  conceived,  we  fliall  fubftitute  this  for 
any  other  ftraining  force. 

2.  If  the  ftrain  or  load  is  uniformly  difiributed  along 
any  part  of  the  beam  lying  beyond  C (that  is,  further 
from  A),  the  ftrain  at  C is  the  fame  as  if  the  load  were 
all  colledied  at  the  middle  point  of  that  part ; for  that 
point  is  the  centre  of  gravity  of  the  load. 

3.  The  ftrain  on  any  fedlion  D of  a beam  AB 
(fig  16.)  refting  freely  on  two  props  A and  B,  is 

ADxDB  , „ 

•w  X (fee  Roof,  tt°  19.  and  Strength  of 

Materials n°  92,  &c.  Encycl).  Therefore, 

4.  The  ftrain  on  the  middle  point,  by  a force  applied 
there,  is  one-fourth  of  the  ftrain  which  the  fame  force 
would  produce,  if  applied  to  one  end  of  a beam  of  the 
fame  length,  having  the  other  end  fixed. 

5.  The  ftrain  on  any  fedlion  C of  a beam,  refting  on 
two  props  A and  B,  occafioned  by  a force  applied  per- 
pendicularly to  another  point  D,  is  proportional  to  the 
rcdangle  of  the  exterior  fegments,  or  is  equal  to 

ACxDB 

nu  X — Therefore 

The  ftrain  at  C occafioned  by  the  prefTure  on  D,  is 
the  fame  with  the  ftrain  at  D occafioned  by  the  fame 
prefTure  on  C. 

6.  The  ftrain  on  any  fe<ftion  D,  occafioned  by  a load 
uniformly  diflFufed  over  any  part  EF,  is  the  fame  as  if 
the  two  parts  ED,  DF  of  the  load  were  colleded  at 
their  middle  points  e and  f.  Therefore 

The  ftrain  on  any  part  D,  occafioned  by  a load  uni- 
formly diftributed  over  the  whole  beam,  is  one-half  of 
the  ftrain  that  is  produced  when  the  fame  load  is  laid  on 
at  D ; and 

The  ftiain  on  the  middle  point  C,  occafioned  by  a 
load  uniformly  diftributed  over  the  whole  beam,  is  the 
fame  which  halt  that  load  would  produce  if  laid  on 

at  C. 

7.  A beam  fupported  at  both  ends  on  two  props  B 
and  C (fig.  14},  will  carry  twice  as  much  when  the 


one-half  of  the  ftrain  occafioned  by  the  fame  force  ail- 
ing perpendicularly. 

On  the  other  hand,  the  relative  strength  of  a 
beam,  or  its  power  in  any  particular  fedlion  to  refift 
any  tranfverfe  ftrain,  is  proportional  to  the  abfolute  co- 
hefion  of  the  fedlion  diredlly,  to  the  diftance  of  its 
centre  of  effort  from  the  axis  of  fradlure  diredlly,  and 
to  the  diftance  from' the  drained  point  inverfely. 

Thus  in  a redtangular  fedlion  of  the  beam,  of  which  b 
is  the  breadtli,  d the  depth  (that  is,  the  dimenfion  in 
the  diredlion  of  the  ftraining  force),  meafured  in  inches, 
and  f the  number  of  pounds  which  one  fquare  inch  will 
juft  fupport  without  being  torn  afunder,  we  muft  have 
f X b X d^,  proportional  to  41;  X C B (fig.  15.)  Or, 
f X b X r/%  multiplied  by  fome  number  depending  on 
the  nature  of  the  timber,  muft  be  equal  to  w X CB. 
Or,  in  the  cafe  of  the  fedlion  C of  fig.  16.  that  is 
ftrained  by  the  force  tv  applied  at  D,  we  muft  have 
ACxDB 

?n  Xf  b d^  — TV  X — * Thus  if  the  beam  is  of 

found  oak,  m is  very  nearly  = (fee  Strength  of  Ma- 

fbd^ 

= W X 


terials,  n“  116,  Encycl.). 
ACxCB 


Therefore  we  have 


AB 


Hence  we  can  tell  the  precife  force  w which  any  fec- 
tion  C can  juft  refift  when  that  force  is  applied  in  any 
way  whatever.  For  the  above  mentioned  formula  gives 

for  the  cafe  reprefented  by  fig.  15.  But 


fb  d 

TV 


9CB 

the  cafe  reprefented  in  fig.  16.  having  the  ftraining 
force  applied  at  D,  gives  the  ftrain  at  C (=  w )=/ 
^bd^xA^ 
qACxCB* 

Example.  Let  an  oak  beam,  four  Inches  fquare,  reft 
freely  on  the  props  A and  B,  feven  feet  apart,  or  84 
inches.  What  weight  w-ill  it  juft  fupport  at  Its  middle 
point  C,  on  the  fnppofition  that  a fquare  inch  rod  will 
juft  carry  i6,ooo  pounds,  pulling  it  afunder? 

The  formula  becomes  tv  z= — i ^ 4 X ^ ^ X 84^ 

86016000  9^42X42 

or  TV  — — -jg-yg — , =r  5418  pounds.  This  is  very 

near  what  was  employed  in  Buffon’s  experiment,  which 
was  5312. 

Had  the  ftraining  force  adled  on  a point  D,  half  way 
between  C and  B,  the  force  fufficient  to  break  the  beam 
_ 1 6000  X 4 X 1 6 X 84_ 


at  C would  be  = 


10836  lbs. 


9X42X21 

Had  the  beam  been  f und  red  fir,  we  muft  have  ta- 
ken f — 10,000  nearly,  and  m nearly  8 ; for  although 
fir  be  lefs  cohefive  than  oak  in  the  proportion  of  5 to  8 
nearly,  it  is  lefs  compielTible,  and  Its  axis  of  fradlure  is 
therefore  nearer  to  the  concave  fide. 

44 

Haying  confidered  at  fufficient  length  the  ftrains  Of  joints. 

of 
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!’i'  - 

i;4 

M' 

I C A R P E 

if  to  attend  to  the  {hrinking  of  the  timbers  by  drying. 

When  two  timbers  abut  obliquely,  the  joint  fhould  be 
! mo3;  full  at  the  obtufe  angle  of  the  end  ; becaufe,  by 

drying  that  angle  grows  more  obtufe,  and  the  beam 
would  then  be  in  danger  of  fplintering  off  at  the  acute 

26 

f!’e  muft  evident,  that  the  niceft  work  is  indifpenfably 

lot  wedge  necelfary  in  building  up  a beam.  The  parts  muft  abut 
00  hard,  on  each  other  completely,  and  the  fmalleft  play  or  void 
takes  away  the  whole  efficacy.  It  is  ufual  to  give  the 
butting  joints  a fmall  taper  to  one  fide  of  the  beam,  fo 
that  they  may  require  moderate  blows  of  a maul  to 
force  them  in,  and  the  joints  may  be  perfedtly  clofe 
when  the  external  furfaces  are  even  on  each  fide  of  the 
beam.  But  we  muft  not  exceed  in  the  leaft  degree  ; for  a 
very  taper  wedge  has  great  force  ; and  if  we  have  driven 
the  pieces  together  by  very  heavy  blows,  we  leave  the 
V’hole  in  a ftate  of  violent  ftrain,.and  the  abutments  are 
perhaps  ready  to  fplinter  off  by  a fmall  addition  of  pref- 
fure.  This  is  like  too  fevere  a proof  for  artillery  ; 
which,  though  not  fufficient  to  burft  the  pieces,  has 
weakened  them  to  fuch  a degree,  that  the  drain  of  or- 
dinary fervice  is  fufficient  to  complete  the  fradlure. 
The  workman  is  tempted  to  exceed  in  this,  becaufe  it 
fmooths  off  and  conceals  all  uneven  feams ; but  he  muft 
be  watched.  It  is  not  unufual  to  leave  fome  abutments 
open  enough  to  admit  a thin  wedge  reaching  through 
the  beam.  Nor  is  this  a bad  praAice,  if  the  wedge  is 
of  materials  which  is  not  compreffed  by  the  driving  or 
the  drain  of  fervice.  Iron  would  be  preferable  for  this 
purpofe,  and  for  the  joggles,  were  it  not  that  by  its  too 
great  hardnefs  it  cripples  the  fibres  of  timber  to  fome 
diftance.  In  confequence  of  tliis,  it  often  happens  that, 
in  beams  which  are  fubjedled  to  defultory  and  fudden 
ftrains  (as  in  the  levers  of  reciprocating  engines),  the 
joggles  or  wedges  widen  the  holes,  and  work  themfelves 
loole  : Therefore  fkilful  engineers  never  admit  them, 
and  indeed  as  few  bolts  as  pofflble,  for  the  fame  reafon  ; 
but  when  redding  a fteady  or  dead  pull,  they  are  not  fo 
improper,  and  are  frequently  ufed. 

Beams  are  built  up,  not  only  to  increafe  their  dimen- 
fions  in  the  direcftion  of  the  drain  (which  we  have  hi- 
therto called  their  depth),  but  alfo  to  increafe  their 
breadth  or  the  dimenfions  perpendicular  to  the  drain. 
We  fometimes  double  the  breadth  of  a girder  which 
is  thought  too  weak  for  its  load,  and  where  w^e  muft 
not  increafe  the  thicknefs  of  the  flooring.  The  mad  of 
a great  fibip  of  war  muft  be  made  bigger  athwartfhip, 
jy  as  well  as  fore  and  aft.  This  is  one  of  the  niceft  pro- 
luilding  of  blems  of  the  art ; and  profeflional  men  are  by  no  means 
laftj.  agreed  in  their  opinions  about  it.  We  do  not  prefume 
to  decide  ; and  fhall  content  ourfelves  with  exhibiting 
the  diflFerent  methods. 

The  mod  obvious  and  natural  method  is  that  fliewn 
in  fig.  20.  It  is  plain  that  (independent  of  the  con- 
nedion  of  crofs  bolts,  which  are  ufed  in  them  all  when 
the  beams  are  fquare)  the  piece  C cannot  bend  in  the 
28  d iredion  of  the  plane  of  the  figure  without  bending  the 

.lethod  piece  D along  with  it.  This  method  is  much  ufed  in 

fed  in  the  the  French  navy  ; but  it  is  undoubtedly  imperfed. 

rench  Hardly  any  two  great  trees  are  of  equal  quality,  and 

fwell  or  (brink  alike.  If  C {brinks  more  than  D,  the 
feather  of  C becomes  loofe  in  the  groove  wrought  in  D 
to  receive  it ; and  when  the  beam  bends,  the  parts  can 
Aide  on  each  other  like  the  plates  of  a coach  fpring  j 


N T R Y. 

and  if  the  bending  is  in  the  diredion  <?  /,  there  is  no- 
thing to  hinder  this  Aiding  but  the  bolts,  which  foon 
work  themfelves  loofe  in  the  bolt-holes. 

Fig.  21.  exhibits  another  method.  The  two  halves  Anottier 
of  the  beam  are  tabled  into  each  other  in  the  fame  man-  method, 
ner  as  in  fig,  17.  It  is  plain  that  this  will  not  be  af- 
feded  by  the  unequal  fvvelling  or  flirinking,  becaufe 
this  is  infenfible  in  the  diredion  of  the  fibres  ; but  when 
bent  in  the  diredion  a b,  the  beam  is  weaker  than  fig. 

20.  bent  in  the  diredion  e f.  Each  half  of  fig.  20.  has, 
in  every  part  of  its  length,  a thicknefs  greater  than  half 
the  thicknefs  of  the  beam.  It  is  the  contrary  in  the 
alternate  portions  of  the  halves  of  fig.  21.  When  one 
of  them  is  bent  in  the  diredion  AB,  it  is  plain  that  it 
drags  the  other  with  it  by  means  of  the  crofs  butments 
of  its  tables,  and  there  can  be  no  longitudinal  Aiding. 

But  unlefs  the  work  is  accurately  executed,  and  each 
hollow  completely  filled  up  by  the  table  of  the  other 
piece,  there  will  be  a lateral  Aide  along  the  crofs  joints 
fufficient  to  compenfiite  for  the  curvature : and  this 
will  hinder  the  one  from  compreffing  or  ftretching  the 
other  in  conformity  to  this  curvature. 

The  imperfedicn  of  this  method  is  fo  obvious,  that  its  imper-. 
it  has  feldom  been  pradifed  ; but  it  has  been  combined  fedion. 
with  the  other,  as  is  reprefented  in  fig.  22.  w'here  the 
beams  are  divided  along  the  middle,  and  the  tables  in 
each  half  are  alternate,  and  alternate  alfo  wdth  the 
tables  of  the  other  half.  Thus  i,  3,  4,  are  prominent, 
and  5,  3,  6,  are  deprefied.  This  conftrud;ion  evidently 
puts  a ftop  to  both  Aides,  and  obliges  every  part  of  both 
pieces  to  move  together,  a b and  c d flinw  fedions 
of  the  built-up  beam  correfponding  to  AB  and  CD. 

No  more  is  intended  in  this  pradice  by  any  intelli- 
gent artift,  than  the  cauffng  the  two  pieces  to  ad  toge- 
ther in  all  their  parts,  although  the  ftrains  may  be  un- 
equally diftributed  on  them.  Thus,  in  a built-up  gir- 
der, the  binding  joifts  are  frequently  mortifed  into  very 
different  parts  of  the  two  fides.  But  many  feem  to 
aim  at  making  the  beam  ftrcnger  than  if  it  were  of  one 
piece  ; and  this  inconfiderate  projed  has  given  rife  to 
many  whimfical  modes  of  tabling  and  fcarfing,  which 
we  need  not  regard. 

ip  ^ ^ 

The  pradice  in  the  Britifh  dock-yards  is  fomewhat  Brltifh 
diflferent  from  any  of  thefe  methods.  The  pieces  are  method; 
tabled  as  in  Ag.  22.  but  the  tables  are  not  thin  paral- 
lelopipeds,  but  thin  prifms.  The  two  outward  joints 
01  vifible  feams  are  ftraight  lines,  and  the  table  n°  i. 
rifes  gradually  to  its  greateft  thicknefs  in  the  axis.  In 
like  manner  the  hcllow  5 for  receiving  the  oppoAte 
table,  Anks  gradually  from  the  edge  to  its  greateft  depth 
ill  the  axis.  Fig.  23.  reprefents  a fedion  of  a round 
piece  of  timber  built  up  in  this  way,  where  the  full  line 
EFGH  is  the  fedion  correfponding  to  AB  of  fig.  22, 
and  the  dotted  line  EGFH  is  the  fedion  correfpond- 
ing to  CD. 

This  conftrudion,  by  making  the  external  Team 
ftraight,  leaves  no  lodgment  for  water,  and  looks  much 
fairer  to  the  eye : but  it  appears  to  us  that  it  does  not 
give  fuch  firm  hold  when  the  maft  is  bent  in  the  di- 
redion EH.  The  exterior  parts  are  moft  ftretched 
and  moft  compreffed  by  this  bending ; but  there  is 
hardly  any  abutment  in  the  exterior  parts  of  thefe  ta- 
bles. In  the  very  axis,  where  the  abutment  is  the 
firmeft,  there  is  little  or  no  difference  of  extenfion  and 
compreffior). 


But 
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CARPENTRY. 


But  this  con(lru<!l!on  has  an  advantage,  which  we 
imagine  much  more  than  compenfates  for  thefe  imper- 
f'edlions,  at  lead  in  the  particular  cafe  of  a round  mad  ; 
it  will  draw  together  by  hooping  incomparably  better 
than  any  of  the  others.  If  the  cavity  be  made  fome- 
what  too  (hallow  for  the  prominence  of  the  tables,  and 
if  this  be  done  uniformly  along  the  whole  length,  it 
will  make  a fomewhat  open  feam  ; and  this  opening 
can  be  regulated  with  the  utmofl;  exadtnefs  from  end 
to  end  by  the  plane.  The  l.eart  of  thofe  vaft  trunks 
is  very  fenlibly  fofter  than  the  exterior  circles : There- 
fore, when  the  whole  is  hooped,  and  the  hoops  hard 
driven,  and  at  confiderable  intervals  between  each  fpell 
— we  are  confident  that  all  may  be  comprefled  till  the 
feam  difappears  ; and  then  the  whole  makes  one  piece, 
ftronger  than  if  it  w'ere  an  original  log  of  that 
fize,  becaufe  the  middle  has  become,  by  compreflion, 
as  folid  as  the  cruft,  which  was  naturally  firmer,  and 
refilled  farther  comprelTion.  We  verified  this  beyond 
a doubt,  by  hooping  a built  flick  of  a timber  which  has 
this  inequality  of  firmnefs  in  a remarkable  degree,  and 
it  was  nearly  twice  as  ftrong  as  another  of  the  fame  fize. 

Our  maflmakers  are  not  without  their  fancies  and 
whims  ; and  the  manner  in  which  our  mafts  and  yards 
are  generally  built  up,  is  not  near  fo  fimple  as  fig.  22.  : 
but  it  confifis  of  the  fame  effential  parts,  adling  in  the 
very  fame  manner,  and  derives  all  its  efficacy  from  the 
principles  which  are  here  employed. 

Attended  This  conflruftion  is  particularly  fuited  to  the  fitua- 
with  pecu-  tion  and  office  of  a fhip’s  maft.  It  has  no  bolts ; or, 
liar  advan-  at  leaft,  none  of  any  magnitude,  or  that  make  very  im- 
portant  parts  of  its  conftrudion.  The  mod  violent 
ftrains  perhaps  that  it  is  expofed  to,  is  that  of  twilling, 
when  the  lower  yards  are  clofe  braced  up  by  the  force 
of  many  men  aiding  by  a long  lever.  This  form  refills 
a twift  with  peculiar  energy;  it  is  therefore  an  excel- 
lent method  for  building  up  a great  (haft  for  a mill. 
The  way  in  which  they  are  ufually  built  up  is  by  redu- 
cing a central  log  to  a polygonal  prifm,  and  then  filling 
it  up  to  the  intended  fize  by  planting  pieces  of  timber 
along  its  fides,  either  fpiking  them  dowm,  or  cocking 
them  into  it  by  a feather,  or  joggling  them  by  (lips  of 
hard  wood  funk  into  the  central  log  and  into  the  (lips. 
N.  B.  Joggles  of  elm  are  fometimes  ufed  in  the  mid- 
dle of  the  large  tables  of  mafts ; and  when  funk  into 
the  firm  wood  near  the  furface,  they  muft  contribute 
much  to  the  ftrength.  But  it  is  very  neceifary  to  em- 
ploy wood  not  much  harder  than  the  pine  ; otherwife  it 
will  foon  enlarge  its  bed,  and  become  loofe ; for  the 
timber  of  thefe  large  trunks  is  veryfoft. 

The  mod  general  reafon  for  piecing  a beam  is  to  in- 
creafe  its  length.  This  is  frequently  neceifary,  in  order 
to  procure  tie-beams  for  very  wide  roofs.  Two  pieces 
muft  be  fcarfed  together. — Numberlefs  are  the  modes 
of  doing  this  ; and  almoft  every  mailer  carpenter  has 
his  favorite  noftrum.  Some  of  them  are  very  ingeni- 
22  ous : But  here,  as  in  other  cafes,  the  mod  fimple  are 
Various  Commonly  the  ftrongeft.  We  do  not  imagine  that  any, 
methods  of  the  mod  ingenious,  is  equally  ftrong  with  a tie  confift- 
fcarfing.  Jng  of  two  pieces  of  the  fame  fcantling  laid, over  each 
other  for  a certain  length,  and  firmly  bolted  together. 
We  acknowledge  that  this  will  appear  an  artlefs  and 
clumfy  tie-beam ; but  we  only  fay  that  it  will  be 
ftronger  than  any  that  is  more  artificially  made  up  of 


the  fame  thicknefs  of  timber.  This,  we  imagine,  will  j 

appear  fufficiently  certain.  j 

The  fimpleft  and  mod  obvious  fcarfing  (after  the  one  | 

now  mentioned)  is  that  reprefented  in  fig.  24.  n°  i. 
and  2.  If  confidered  merely  as  two  pieces  of  wood  i 

joined,  it  is  plain  that,  as  a tie,  it  has  but  half  the 
ftrength  of  an  entire  piece,  fuppofing  that  the  bolts  1 

(which  are  the  only  conneftions)  are  tad  in  their  holes. 

N®  2.  requires  a bolt  in  the  middle  of  the  fcarf  to  give 
it  that  ftrength  ; and,  in  every  other  part,  is  weaker  on 
one  fide  or  the  other. 

But  the  bolts  are  very  apt  to  bend  by  the  violent 
drain,  and  require  to  be  ftrengthened  by  uniting  their 
ends  by  iron  plates  ; in  which  cafe  it  is  no  longer  a 
wooden  tie.  The  form  of  n®  i.  is  better  adapted  to 
the  office  of  a pillar  than  n®  2. ; efpecially  if  its  ends 
be  formed  in  the  manner  (hewn  in  the  elevation  n®  3. 

By  the  fally  given  to  the  ends,  the  fcarf  refills  an  effort 
to  bend  it  in  that  direiftion.  Befides,  the  form  of  n® 

2.  is  unfuitable  for  a pod  ; becaufe  the  pieces,  by  Ai- 
ding on  each  other  by  the  prelTure,  are  apt  to  fplinter 
off  the  tongue  which  confines  their  extremity. 

Fig.  25.  and  26,  exhibit  the  mod  approved  form  of 
a fcarf,  w’hether  for  a tie  or  for  a pod.  The  key  re- 
prefented in  the  middle  is  not  elTentially  neceifary  ; the 
two  pieces  might  fimply  meet  fquare  there.  This 
form,  without  a key,  needs  no  bolts  (although  they 
ftrengthen  it  greatly)  ; but,  if  worked  very  true  and 
clofe,  and  with  fquare  abutments,  will  hold  together, 
and  will  refift  bending  in  any  diredlion.  But  the  key 
is  an  ingenious  and  a very  great  improvement,  and  will 
force  the  parts  together  with  perfefl  tightnefs.  The 
fame  precaution  muft  be  obferved  that  we  mentioned 
on  another  occafion,  not  to  produce  acpnftant  internal 
drain  on  the  parts  by  overdriving  the  key.  The  form 
of  fig.  25.  is  by  far  the  bell  ; becaufe  the  triangle  of  26. 
is  much  eafier  fpllntered  off  by  the  drain,  or  by  the  key, 
than  the  fquare  wood  of  25.  It  is  far  preferable  for 
a pod,  for  the  reafon  given  when  fpeaking  of  fig.  24. 
n®  I.  and  n°  2.  Both  may  be  formed  with  a fally  at 
the  ends  equal  to  the  breadth  of  the  key.  In  this 
(hape  fig.  25.  is  vaftly  well  fuited  for  joining  the  parts 
of  the  long  corner  pods  of  fpires  and  other  wooden  tow- 
ers. Fig.  25.  n®  2,  differs  from  n®  i.  only  by  having 
three  keys.  The  principle  and  the  longitudinal  ftrength 
are  the  fame.  The  long  fcarf  of  n®  2.  tightened  by  the 
three  keys,  enables  it  to  refift  a bending  much  better. 

None  of  thefe  fcarfed  tie-beams  can  have  more  than 
one-third  of  the  ftrength  of  an  entire  piece,  unlefs  with 
the  affiftance  of  iron  plates  ; for  if  the  key  be  made 
thinner  than  one-third,  it  has  lefs  than  one-third  of  the 
fibres  to  pull  by. 

We  are  confident,  therefore,  that  when  the  heads  of 
the  bolts  are  conneded  by  plates,  the  fimple  form  of 
fig.  24.  n®  I.  is  ftronger  than  thofe  more  ingenious 
fcarfings.  It  may  be  ftrengthened  againft  lateral  bend- 
ing by  a little  tongue,  or  by  a fally  5 but  it  cannot 
have  both. 

The  ftrongeft  of  all  methods  of  piecing  a tie-beam 
would  be  to  fet  the  parts  end  to  end,  and  grafp  them  ^ 
between  other  pieces  on  each  fide,  as  in  fig.  27.  This 
is  what  the  fhip-carpenter  calls  JiJhing  a beam  ; and  is  a beam, 
frequent  pradice  for  occalional  repairs.  Mr  Perronet 
ufed  it  for  the  tie-beams  or  ftretchers,  by  which  he  con- 
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CARPENTRY. 


nested  the  oppofite  feet  of  a centre,  which  was  yield- 
ing to  its  load,  and  had  pufhed  afide  one  of  the  piers 
above  four  inches.  Six  of  ihefe  not  only  withftood  a 
drain  of  1800  tons,  but,  by  wedging  behind  them,  he 
brought  the  feet  of  the  trufs  z\  inches  nearer.  The 
dretchers  were  14  inches  by  1 1 of  found  oak,  and  could 
have  withdood  three  times  that  drain.  Mr  Perronet, 
fearing  that  the  great  length  of  the  bolts  employed  to 
conneft  the  beams  of  thefe  dretchers  would  expofe 
them  to  the  rifk  of  bending,  fcarfed  the  two  fide  pieces 
into  the  middle  piece.  The  fcarfing  was  of  the  trian- 
gular kind  (Trait  de  ‘Jupiter )y  and  only  an  inch  deep, 
each  face  being  tv^'o  feet  long,  and  the  bolt  palled 
through  clofe  to  the  angle. 

In  piecing  the  pump  rods,  and  other  wooden  ftretch- 
ers  of  great  engines,  no  dependence  is  had  on  fcarfing  ; 
and  the  engineer  conne(fls  every  thing  by  iron  draps. 
We  doubt  the  propriety  of  this,  at  lead  in  cafes  where 
the  bulk  of  the  wooden  connedtion  is  not  inconvenient. 
Thefe  obfervations  mud  fuffice  for  the  methods  em- 
ployed for  connedting  the  parts  of  a beam  ; and  we 
now  proceed  to  conlider  what  are  more  ufually  called 
the  joints  of  a piece  of  carpentry. 

Where  the  beams  dand  fquare  with  each  other,  and 
the  drains  are  alfo  fquare  with  the  beams,  and  in  the 
plane  of  the  frame,  the  common  mortife  and  tenon  is 
the  mod  perfedt  jundlion.  A pin  is  generally  put 
through  both,  in  order  to  keep  the  pieces  united,  in 
oppolition  to  any  force  which  tends  to  part  them. 
Every  carpenter  knows  how  to  bore  the  hole  .for  this 
pin,  fo  that  it  Ihall  draw  the  tenon  tight  into  the  rnor- 
tife,  and  caufe  the  Ihoulder  to  butt  clofe,  and  make 
neat  work  ; and  he  knows  the  rifk  of  tearing  out  the 
bit  of  the  tenon  beyond  the  pin,  if  he  draw  it  too 
much.  Wemayjud  obferve,  that  fquare  holes  and 
pins  are  much  preferable  to  round  ones  for  this  pur- 
pofe,  bringing  more  of  the  wood  into  adtion,  with  lefs 
tendency  to  Iplit  it.  The  drip  carpenters  have  an  in- 
genious method  of  making  long  wooden  bolts,  which 
do  not  pal's  completely  through,  take  a very  fad  hold, 
though  not  nicely  fitted  to  their  holes,  which  they  mud 
not  be,  led  they  Ihould  be  crippled  in  driving.  They 
call  it  foxtail  "joedging.  They  dick  into  the  point  of 
the  bolt  a very  thin  wedge  of  hard  wood,  fo  as  to  pro- 
jedl  a proper  didance : when  this  reaches  the  bottom 
of  the  hole  by  driving  the  bolt,  it  fplits  the  end  of  it, 
and  fqueezes  it  hard  to  the  fide.  This  may  be  prac- 
tifed  with  advantage  in  carpentry.  If  the  ends  of  the 
mortife  are  widened  inwards,  and  a thin  v/edge  be  put 
into  the  end  of  the  tenon,  it  will  have  the  fame  effedf, 
and  make  the  joint  equal  to  a dovetail.  But  this  rilks 
the  fplitting  the  piece  beyond  the  Ihoulder  of  the  te- 
non, w'hich  would  be  unfightly.  This  may  be  avoided 
as  follows;  Let  the  tenon  T,  fig.  28.  have  two  very 
thin  wedges  a and  c duck  in  near  its  angles,  projeiding 
equally  ; at  a very  fmall  didance  within  thefe,  put  in 
two  Ihorter  ones  b,  d,  and  more  within  thefe  if  necef- 
fary.  In  diiving  this  tenon,  the  wedges  a and  c will 
take  fil'd,  and  Iplit  off  a thin  dice,  which  will  eafily 
bend  without  breaking.  The  wedges  b,  d,  will  ad 
next,  and  have  a fimilar  effect,  and  the  others  in  fuc. 
ceflion.  The  thicknefs  of  all  the  wedges  taken  toge- 
ther mud  be  equal  to  the  enlargement  of  the  mortife 
toward  the  bottom. 

"When  the  drain  is  tranfverfe  to  the  plane  of  the  tw'o 
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beams,  the  principles  laid  down  in  n®  85,  86,  of  the 
article  Stxength  of  Materials^  will  direct  the  artid  in 
placing  his  mortife.  Thus  the  mortife  in  a girder  for 
receiving  the  tenon  of  a binding  joid  of  a floor  fliould 
be  as  near  the  upper  fide  as  poflible,  becaufe  the  girder 
becomes  concave  on  that  fide  by  the  drain.  But  as 
this  expofes  the  tenon  of  the  binding-joid  to  the  rifk 
of  being  torn  off,  we  are  obliged  to  mortife  farther 
down.  The  form  (fig.  29.)  generally  given  to  this 
joint  is  extremely  judicious.  The  doping  part  a b gives 
a very  firm  fupport  to  the  additional  bearing  e d,  with- 
out much  weakening  of  the  girder.  This  form  fhould 
be  copied  in  every  cafe  where  the  drain  has  a fimilar 
diredtion. 

The  joint  that  mod  of  all  demands  the  careful  atten-  Oblique 
tion  ol  the  artid,  is  that  which  connedts  the  ends  of  mortife  and 
beams,  one  of  which  puflies  the  other  very  obliquely,  tenon, 
putting  it  into  a date  of  extenfion.  The  mod  familiar 
indance  of  this  is  the  foot  of  a rafter  preffing  on  the 
tie-beam,  and  thereby  drawing  it  away  from  the  other 
wall.  When  the  diredtion  is  very  oblique  (in  which 
cafe  the  extending  drain  is  the  greated),  it  is  difficult 
to  give  the  foot  of  the  rafter  fuch  a hold  of  the  tie- 
beam  as  to  bring  many  of  its  fibres  into  the  proper  ac- 
tion. There  would  be  little  difficulty  if  we  could  al- 
low the  end  of  the  tie-beam  to  projedt  to  a fmall  dif- 
tance  beyond  the  foot  of  the  rafter  : but, -indeed,  the 
dimenfions  which  are  given  to  tie-beams,  for  other  rea- 
fons,  are  always  diffident  to  give  enough  of  abutment 
when  judicioufly  employed.  Unfortunately  this  joint 
is  much  expofed  to  failure  by  the  effedls  of  the  wea- 
ther. It  is  much  expofed,  and  frequently  perifhes  by 
rot,  or  becomes  fo  foft  and  friable  that  a very  fmall 
force  is  diffident,  either  for  pulling  the  filaments  out  of 
the  tie-beam,  or  for  crulhing  them  together.  We  are 
therefore  obliged  to  fecure  it  with  particular  attention, 
and  to  avail  ourfelves  of  every  circumdance  of  con- 
drudlion. 

One  is  naturally  difpofed  to  give  the  rafter  a deep 
hold  by  a long  tenon  ; but  it  has  been  frequently  ob- 
ferved  in  old  roofs  that  fuch  tenons  break  off.  Fre- 
quently they  are  obferved  to  tear  up  the  wood  that  is 
above  them,  and  pudi  their  way  through  the  end  of  the 
tie-beam.  This  in  all  probability  arifes  from  the  fird 
fagging  of  the  roof,  by  the  ccmpreffion  of  the  rafters 
and  of  the  head  of  the  king  pod.  The  head  of  the  raf- 
ter defeends,  the  angle  with  the  tie-beam  is  diminidied 
by  the  rafter  revolving  round  its  dep  in  the  tie-beam. 

By  this  motion  the  heel  or  inner  angle  of  the  rafter  be- 
comes a fulcrum  to  a very  long  and  powerful  lever 
much  loaded.  The  tenon  is  the  other  arm,  very  fliort, 
and  being  dill  frefli,  it  is  therefore  very  powerful.  It 
therefore  forces  up  the  wood  that  is  above  it,  tearing  it 
out  from  between  the  cheeks  of  the  mortife,  and  then 
pulhes  it  along.  Carpenters  have  therefore  given  up 
long  teno\s,  and  give  to  the  toe  of  the  tenon  a lhape 
which  abuts  firmly,  in  the  diredtion  of  the  thrud,  on  the 
folld  bottom  of  the  mortife,  which  is  well  fupported  on 
the  under  fide  by  the  wall  plate.  This  form  has  the 
farther  advantage  of  having  no  tendency  to  tear  up  the 
end  of  the  mortife.  This  form  is  reprefented  in  fig.  30. 

The  tenon  has  a fmall  portion  a b cut  perpendicular  to 
the  furface  of  the  tie-beam,  and  the  red  b o' is  perpendi- 
cular to  the  rafter. 

But  if  the  tenon  is  not  Efficiently  drong  (and  it  is 
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One  of  the  old  roof  had  273,  but  had  many  inaftive 
timbers,  and  others  ill  difpofed  {N.  B,  The  figure  which 
we  gave  of  it  in  the  article  Roof,  copied  from  Price,  is 
very  erroneous).  The  internal  trufs  FCF  is  admirably 
contrived  for  fupporting  the  exterior  rafters,  without 
any  preflure  on  the  far  projeding  ends  of  the  tie-beam. 
The  former  roof  had  bent  them  greatly,  fo  as  to  appear 
ungraceful. 

We  think  that  the  camber  (fix  inches)  of  the  tie- 
beam  is  rather  hurtful ; becaufe  by  fettling,  the  beam 
lengthens  ; and  this  muft  be  accompanied  by  a conjider- 
able  finking  of  the  roof.  This  will  appear  by  calcula- 
tion . 

Birming-  Fig.  4c.  the  roof  of  Birmingham  theatre,  conftrud- 
ham  thea-  ed  by  Mr  Geo.  Saunders.  The  fpan  is  80  feet  clear. 


and  the  truffes  are  10  feet  apart. 

A,  Is  an  oak  corbel 

9X5 

B,  Inner  plate 

9X9 

C,  Wall  plate 

* 8x5^ 

D,  Pole  plate 

7X5 

E,  Beam  - 

15  X 15 

F,  Straining  beam 

12x9 

G,  Oak  king  pod  (in  the  (haft) 

9X9 

H,  Oak  queen  pod  (in  the  fhatl) 

7X9 

I,  Principal  rafters 

9X9 

K,  Common  ditto 

- 4 X 24: 

L,  Principal  braces 

9 and  6x9 

M,  Common  ditto 

6x9 

N,  Purlins  - 

7X5 

Straining  fill 

54r  X 9 

Th  is  roof  is  a fine  fpecimen  of  Brltifii  carpentry,  and 
is  one  of  the  bolded  and  lighted  roofs  in  Europe.  The 
draining  fill  Q^gives  a firm  abutment  to  the  principal 
braces,  and  the  fpace  between  the  pods  is  194^  feet 
wide,  affording  roomy  workihops  for  the  carpenters 
and  other  workmen  conneded  with  a theatre.  The 
contrivance  for  taking  double  hold  of  the  wall,  which  is 
very  thin,  is  excellent.  There  is  alfo  added  a beam 
(marked  R),  bolted  down  to  the  tie-beams.  The  in- 
tention of  this  was  to  prevent  the  total  failure  of  fo 
bold  a truding,  if  any  of  the  tie-beams  fhould  fail  at  the 
end  by  rot. 

Drury  Lane  Akin  to  this  roof  is  fig.  41.  the  roof  of  Drury  Lane 
theatre.  theatre,  80  feet  3 inches  in  the  clear,  and  the  truffes  15 
feet  apart,  condruded  by  Mr  Edward  Grey  Saunders. 


A,  Beams 

B,  Rafters 

C,  King  pods  - 

D,  Struts 

E,  Purlins 

G,  Pole  plates 
I,  Common  rafters 

K,  Tie-beam  to  the  main  trufs 

L,  Pods  to  ditto 

M,  Principal  braces  to  ditto 

N,  Struts 

P,  Straining  beams 


10  by  7 

7X7 
12  X 7 
5 X 7 
9X5 

5x5 

5X4 

15  X 12 
15  X 12 
i4and  12x12 
8 X 12 
12  X 12 


The  main  beams  are  truffed  In  the  middle  fpace  with 
oak  truffes  5 inches  fquare.  This  was  neceffary  for  Its 
width  of  32  feet,  occupied  by  the  carpenters,  painters, 
&c.  The  great  fpace  between  the  truffes  afford  good 
ftore-rooms,  dreffing  rooms,  &c. 

It  is  probable  that  this  roof  has  not  its  equal  in  the 


world  for  lightnefs,  diffnefs,  andftrength.  The  main 
trufs  is  fo  judicioufly  framed,  that  each  of  them  will  fafe- 
ly  bear  a load  of  near  300  tons  ; fo  it  is  not  likely  that 
they  will  ever  be  quarter  loaded.  The  divifion  of  the 
whole  into  three  parts  makes  the  exterior  roofings  very 
light.  The  drains  are  admirably  kept  from  the  walls, 
and  the  walls  are  even  firmly  bound  together  by  the 
roof.  They  alfo  take  off  the  dead  weight  from  the 
main  trufs  one-third. 

The  intelligent  reader  will  perceive  that  all  thefe  Remarks, 
roofs  are  on  one  principle,  depending  on  a trufs  of  three 
pieces  and  a draight  tie-beam.  This  is  indeed  the 
great  principle  of  a trufs,  and  is  a dep  beyond  the  roof 
with  two  rafters  and  a king  pod.  It  admits  of  much 
greater  variety  of  forms,  and  of  greater  extent.  We 
may  fee,  that  even  the  middle  part  may  be  carried  to 
any  fpace,  and  yet  be  flat  at  top  ; for  the  trufs-beam 
may  be  fupported  in  the  middle  by  an  inverted  king 
pod  (of  timber,  not  iron),  carried  by  iron  or  wooden 
ties  from  its  extremities  : And  the  fame  ties  may  carry 
the  horizontal  tie-beam  K ; for  till  K be  torn  afunder, 
or  M,  M,  and  P be  crippled,  nothing  can  fail. 

The  roof  of  St  Martin’s  church  in  the  Fields  Is  con- 
drudled  on  good  principles,  and  every  piece  properly 
difpofed.  But  although  its  fpan  does  not^  exceed  40 
feet  from  column  to  column,  it  contains  more  timber  in 
a trufs  than  there  is  in  one  of  Drury  Lane  theatre.  The 
roof  of  the  chapel  at  Greenwich,  that  of  St  Paul’s,  Co- 
vent Garden,  that  of  Birmingham,  and  that  of  Drury 
Lane  theatres,  form  a feries  gradually  more  perfedf. 

Such  fpecimens  afford  excellent  leffons  to  the  artids. 

We  therefore  account  them  a ufeful  prefent  to  the  pub- 

...  48 

There  is  a very  ingenious  projedl  offered  to  the  pub-  Projedt  by 
lie  by  MrNicholfon  (Carpenter’s  Aflidant,  p.  68.)  He  MrNkhof 
propofes  iron  rods  for  king  pods,  queen  pods,  and  all 
other  fituations  w'here  beams  perform  the  office  of  ties. 

This  is  in  profecution  of  the  notions  which  we  publifli- 
ed  In  the  article  Roof  of  the  Encycl.  (fee  n°  36,  37.) 

He  receives  the  feet  of  the  braces  and  druts  in  a focket 
very  well  connedled  with  the  foot  of  his  iron  king  pod  ; 
and  he  fecures  the  feet  of  his  queen  pods  from  being 
puftied  inwards,  by  interpofing  a draining  fill.  He 
does  not  even  mortife  the  foot  of  his  principal  rafter  in- 
to the  end  of  the  tie-beam,  but  fets  it  in  a focket  like  a 
fhoe,  at  the  end  of  an  iron  bar,  which  is  bolted  into  the 
tie-beam  a good  way  back.  All  the  parts  are  formed 
and  difpofed  with  the  precifion  of  a perfon  thoroughly 
acquainted  with  the  fubjed  ; and  we  have  not  the  fmall- 
ed  doubt  of  the  fuccefs  of  the  projed,  and  the  complete 
fecurity  and  durability  of  his  roofs,  and  we  exped  to 
fee  many  of  them  executed.  We  abound  in  iron,  but 
we  mud  fend  abroad  for  building  timber.  This  is  there- 
fore a valuable  projed  ; at  the  fame  time,  however,  let 
us  not  over-rate  its  value.  Iron  is  but  about  12  times 
dronger  than  red  fir,  and  is  more  than  13  times  hea- 
vier ; nor  is  it  cheaper,  weight  for  weight,  or  drength 
for  drength. 

Our  illudrations  and  examples  have  been  chiefly  ta- 
ken from  roofs,  becaufe  they  are  the  mod  familiar  in- 
dances of  the  difficult  problems  of  the  art.  We  could 
have  wiftied  for  more  room  even  on  this  fubjed.  The 
condrudion  of  dome  roofs  has  been  (we  think)  mida- 
ken,  and  the  difficulty  is  much  lefs  than  is  imagined. 

We  mean  in  refped  of  drength  ; for  we  grant  that  the 

obliquity 
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obliquity  of  the  joints,  and  a general  intricacy,  increafes 
the  trouble  of  workmanftiip  exceedingly.  Another  op- 
49  portunity  may  perhaps  occur  for  confidering  this  fub- 
Wooden  je(fl.  Wooden  bridges  form  another  clafs  equally  diffi- 
bridges.  gnd  important ; but  our  limits  are  already  overpaiT- 

ed,  and  will  not  admit  them.  The  principle  on  which 
they  ftiould  all  be  conftruded,  without  exception,  is 
that  of  a trufs,  avoiding  all  lateral  bearings  on  any  of 
the  timbers.  In  the  application  of  this  principle,  we 
muft  farther  remark,  that  the  angles  of  our  trufs  fhould 
be  as  acute  as  poffible ; therefore  we  Ihould  make  it  of 
as  few  and  as  long  pieces  as  we  can,  taking  care  to  pre- 
vent the  bending  of  the  trufs  beams  by  bridles,  which 
embrace  them,  but  without  preffing  them  to  either  fide. 

; When  the  trufs  confifts  of  many  pieces,  the  angles  are 

^ ■ very  obtufe  ; and  the  thrufts  increafe  nearly  in  the  du- 

plicate proportion  of  the  number  of  angles.  The  pro- 
per maxims  will  readily  occur  to  the  artift  who  confi- 
ders  with  attention  the  fpecimens  of  centres  or  coombs, 
jQ  which  we  (hall  give  in  the  article  Centre. 

Framing  of  With  refpect  to  the  frames  of  carpentry  which  occur 
great  le-  in  engines  and  great  machines,  the  varieties  are  fuch 
»ers.  that  it  would  require  a volume  to  treat  of  them  proper- 
ly. The  principles  are  already  laid  down;  and  if  the 
reader  be  really  interefted  in  the  ftudy,  he  will  engage 
in  it  with  ferioufnefs,  and  cannot  fail  of  being  inftrudt- 
ed.  We  recommend  to  his  confideration,  as  a fpecimen 
of  what  may  be  done  in  this  way,  the  working  beam  of 
Hornblower’s  fteam  engine  (fee  S^EAM-Engine,  n°  84. 
Encycl.)  When  the  beam  muft  aft  by  chains  hung 
from  the  upper  end  of  arch  heads,  the  framing  there 
given  feems  very  fcientifically  conftrufted  ; at  the  fame 
time,  we  think  that  a ftrap  of  wrought  iron,  reaching 
the  whole  length  of  the  upper  bar  (fee  the  figure), 
would  be  vaftly  preferable  to  thofe  partial  plates  which 
the  engineer  has  put  there,  for  the  bolts  will  foon  work 
loofe. 

But  when  arches  are  not  neceftary,  the  form  employ- 

II  ed  by  Mr  Watt  is  vaflly  preferable,  both  for  fimplicity 

; and  for  ftrength.  It  confifts  of  a fimple  beam  AB 


(fig.  42.),  having  the  gudgeon  C on  the  upper  fide. 
The  two  pifton  rods  are  attached  to  wrought  iron  joints 
A and  B.  Two  ftrong  ftruts  DC,  EC  reft  on  the  up- 
per fide  of  the  gudgeon,  and  carry  an  iron  firing 
ADEB,  confifting  of  three  pieces,  connedled  with  the 
ftruts  by  proper  joints  of  wrought  iron.  A more  mi- 
nute defcription  is  not  needed  for  a clear  conception  of 
the  principle.  No  part  of  this  is  expofed  to  a crofs 
ftrain  ; even  the  beam  AB  might  be  fawed  through  at 
the  middle.  The  iron  firing  is  the  only  part  which  is 
ftretched  ; for  AC,  DC,  EC,  BC,  are  all  in  a ftate  of 
compreffion.  We  have  made  the  angles  equal,  that  all 
may  be  as  great  as  pofllble,  and  the  prelfure  on  the 
ftruts  and  firings  a minimum.  Mr  Watt  makes  them 
much  lower,  as  A c B,  or  A i/'s  B.  But  this  is  for 
economy,  becaufe  the  ftrength  is  almoft  infuperable.  It 
might  be  made  with  wooden  firings ; but  the  vvorkman- 
fhip  of  the  joints  would  more  than  compenfate  the 
cheapnefs  of  the  materials. 
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We  offer  this  article  to  the  public  with  deference,  Condufios. 
and  we  hope  for  an  indulgent  reception  of  our  effiy  on 
a fubjedt  which  is  in  a manner  new,  and  would  require 
much  ftudy.  We  have  beftowed  our  chief  attention 
on  the  ftrength  of  the  conftrudtion,  becaufe  it  is  here 
that  perfons  of  the  profeflion  have  the  moft  fcanty  in- 
formation. We  beg  them  not  to  confider  our  obferva- 
tions  as  too  refined,  and  that  they  will  ftudy  them  with 
care.  One  principle  runs  through  the  whole ; and 
when  that  is  clearly  conceived  and  familiar  to  the  mind, 
we  venture  to  fay  that  the  pradlitioner  will  find  it  of 
eafy  application,  and  that  he  will  improve  every  per. 
formance  by  a continual  reference  to  it. 

If  this  attempt  to  inftrudi  our  moft  valuable  and 
much  efteemed  artifts  fijall  appear  to  meet  with  their 
approbation,  it  may  encourage  us  to  engage  in  the  fe- 
rious  talk  of  compoling  a fyflem  on  the  fubjedt.  But 
this  is  a great  work,  and  will  require  much  time  and  li- 
beral contribution  of  knowledge  from  the  eminent  car. 
penters  who  do  honour  to  this  country  by  their  works. 
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Carre.  CARRE'  (Lewis),  was,  in  1663,  born  in  the  pro- 
vince of  Brie  in  France  ; and  refufing  to  enter  into  the 
fervice  of  the  church,  for  which  his  education  was  in- 
tended to  fit  him,  he  incurred  the  dilpleafure  of  his  fa- 
ther. His  refources  being  thus  cut  off,  he  was  obliged 
to  quit  the  univerfity,  and  go  out  into  the  world  with- 
out employment  or  the  means  of  fubfiftence.  In  this 
exigency  he  wasfomehow  introduced  to  the  celebrated 
Malebranche,  and  retained  by  him  as  an  amanuenfis. 
Under  this  great  mafter  he  ftudied  mathematics  and  me- 
taphyfics,  and  could  hardly  fail  to  become  ftrongly  at- 
tached to  the  latter  fcience.  After  refiding  feven  years 
with  Malebranche,  he  refolved  to  enter  upon  fome  em- 
ployment, which  might  procure  him  a lefs  precarious 
eftablifhment  than  what  could  be  enjoyed  by  the  favour 
of  any  individual : and  with  that  view  he  began  at  Pa- 
ris a courfe  of  lectures  in  mathematics,  metaphyfics,  and 
moral  philofophy,  to  fuch  young  ladies  and  gentlemen 
as  chofe  to  put  themfelves  under  his  tuition.  When 
we  think  of  the  mafter  under  whom  he  himfelf  ftudied 
thofe  fciences,  we  cannot  wonder  that  he  made  geome- 


CAR 

try  ferve  merely  as  an  introduiftion  to  his  beloved  meta- 
phyfics; and  indeed  the  order  of  his  courfe  deferves  to 
be  univerfally  adopted.  It  is  furely  much  better  to  ac- 
cuftom  the  youthful  mind  to  fteady  apprehenfion  and 
patient  thinking  in  the  ftudy  of  the  ancient  geometry, 
before  it  proceed  to  fciences  more  abftrad,  than  to  hur- 
ry it  at  once,  as  is  the  pradtice  in  fome  univerfities,  in- 
to all  the  mazes  and  intricacies  of  what  is  called  the 
firft  philofophy. 

But  although  M.  Carre  gave  the  preference  to  meta- 
phyfics, he  did  not  negledt  mathematics  ; and  while  he 
taught  both,  he  took  care  to  make  himfelf  acquainted 
with  all  the  new  difcoveries  in  the  latter.  This  was  all 
that  his  conftant  attendance  on  his  pupils  would  allow 
him  to  do  till  the  year  1697,  when  M.  Varignon  fo 
remarkable  for  his  extreme  fcrupuloufnefs  in  the  choice 
of  his  eleves,  took  M.  Carre  to  him  in  that  ftaiion. 
Soon  after,  viz.  in  the  year  1700,  our  author,  thinking 
himfelf  bound  to  do  fomething  that  might  render  him 
worthy  of  that  title,  publilhed  the  firft  complete  work 
on  the  integral  calculus,  under  the  title  of  “ A Method 

of 
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Carre,  of  Meafuring  Surfaces  and  Solids,  and  finding  their 
Centres  of  Gravity,  Percuffion,  and  Ofcillation.”  He 
afterwards  difcovered  feme  errors  in  the  w'ork,  and  was 
candid  enough  to  own  and  corredt  them  in  a fubfequent 
edition. 

In  a little  time  M.  Carre  became  alTociate,  and  at 
length  one  of  the  penfioners  of  the  Academy.  And  as 
this  was  a fufficient  eftablilhment  for  one  who  knew  fo 
well  how  to  keep  his  defines  within  juft  bounds,  he  gave 
himfelf  up  entirely  to  ftudy  ; and  as  he  enjoyed  the  ap- 
pointment of  mechanician,  he  applied  himlelf  more  par- 
ticularly to  mechanics.  He  took  alfo  a furvey  of  every 
branch  relating  to  mufic  ; fuch  as  the  doftrine  of  founds, 
and  the  defeription  of  mufical  inftruments ; though  he 
defpired  the  pradHce  of  mufic  as  a mere  fenfual  plea- 
fure.  Some  feetches  of  bis  ingenuity  and  induftry  in 
this  way  may  be  feen  in  the  Memoirs  of  the  French 
Academy  of  Sciences.  M.  Carre  alfo  compofed  f3me 
treatifes  on  other  branches  of  natural  philofophy,  and 
fome  on  mathematical  fubjedts ; all  which  he  bequeath- 
ed to  that  illuftrious  body,  though  it  does  not  appear 
that  any  of  them  have  yet  been  publifhed.  It  is  not 
unl’kely  that  he  was  hindered  from  putting  the  laft  hand 
to  them  by  a train  of  diforders  proceeding  from  a bad 
digeftion,  which,  after  harrafling  him  during  the  fpace 
of  five  or  fix  years,  at  length  brought  him  to  the  grave 
in  1 71 1,  at  48  years  of  age. 

Though  he  poffefted  a confiderable  degree  of  fcience 
and  much  ingenuity,  like  many  other  eminent  men  he 
had  negledted  in  his  youth  to  ftudy  the  language  of  his 
native  country.  In  confequence  of  this,  one  of  the  ear- 
lieft  of  his  female  pupils,  perceiving  that  his  language 
was  the  reverfe  of  elegant,  told  him  pleafantly,  that  as 
an  acknowledgment  for  the  trouble  which  he  had  taken 
to  teach  her  philofophy,  ftie  would  in  return  teach  him 
French  ; and  he  ever  afterwards  faid,  that  from  her  lef- 
fons  he  had  reaped  great  advantage.  To  this  circum- 
ftance  probably  it  was  owing  that  he  thought  more 
higlily  of  the  genius  of  women  than  that  of  men. 

The  following  is  a chronological  lift  of  his  memoirs 
printed  in  the  volumes  of  the  Academy. 

I.  The  reftificalion  of  curve  lines  by  tangents,  1701. 
2.  Solution  of  .a  problem  propofed  to  geometricians,  &c. 

1701.  3.  Refledtions  on  the  table  of  equations,  1701. 

4.  On  the  caufe  of  the  refraflion  of  light,  1702. 

5.  Why  the  tides  are  always  augmenting  from  Breft  to 
St  Malo,  and  diminifhing  along  the  coafts  of  Normandy, 

1702.  6.  The  number  and  the  nam.es  of  mufical  in- 
ftruments, 1 702.  7.  On  the  vinegar  which  caufes  fmall 

ftones  to  roll  upon  an  inclined  plane,  i 703.  8.  On  the 

reftificatlon,  &c.  of  the  cauftics  by  refleftlon,  1703. 
9.  Method  for  the  redlification  of  curves,  1 704.  10.  Ob- 
I'ervations  on  the  produfiion  of  found,  1704.  ii.On 
a curve  formed  from  a circle,  1705.  12.  On  the  re- 

fradion  of  mulket-balls  in  water,  and  on  the  refiftance 
of  that  fluid,  1 705.  13.  Experiments  on  capillary  tubes, 
1705.  14.  On  the  proportion  of  pipes  to  have  a de- 
terminate quantity  of  water,  1705.  15.  On  the  laws  of 

motion,  1706,  16.  On  the  properties  of  pendulums, 

with  fome  new  properties  of  the  parabola,  1 707.  17.  On 
the  proportion  of  cylinders,  that  their  founds  may  form 
the  mufical  cord?,  1709.  18.  On  the  elafticity  of  the 

air,  1710.  19.  On  catoptrics,  1710.  20.  On  the  Mo- 

nochord  ; in  the  Machines,  tom.  i.  with  fome  other 
pieces,  not  mathematical. 
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CARTERET,  a maritime  co.  of  Newbern  dlftncl,  Carteret 
N.  Carolina,  on  Core  and  Pamlico  Sounds.  It  con-  II 
tains  3732  inhabitants,  including  713  flaves.  Beau- 
fort  is  the  chief  town. — Morse, 

CASCABEL,  the  knob  or  button  of  metal  behind 
the  breech  of  a cannon,  as  a kind  of  handle  by  which 
to  elevate  and  dired  the  piece  ; to  which  fome  add  the 
fillet  and  ogees  as  far  as  the  bafe-ring. 

CASCO  Bay,  in  the  diftri<ft  of  Maine,  fpreads  N. 

W.  between  Cape  Elizabeth  on  the  S.  W.  and  Cape 
Small  Point  on  the  N.  E.  Within  thefe  points,  which 
are  about  40  miles  apart,  are  about  300  fmall  iflands, 
fome  of  which  are  inhabited,  and  nearly  all  more  or  lefs 
cultivated.  The  land  on  thefe  iflands,  and  on  the  op- 
pofite  coaft  on  the  main,  is  the  beft  for  agriculture  of 
any  on  the  fea  coaft  of  this  country.  Cafeo  includes 
feveral  bays.  Maquoit  Bay  lies  about  20  miles  N.  of 
Cape  Elizabeth.  The  waters  of  Cafeo  extend  feveral 
arms  or  creeks  of  fait  water  into  the  country.  The 
waters  go  up  Meadows  River,  where  veffels  of  a con- 
fiderable fize  are  carried  by  the  tide,  and  where  it 
flows  within  one  mile  of  the  waters  of  Kennebeck.  On 
the  E.  fide  of  Cape  Elizabeth  is  the  arm  of  the  fea  call- 
ed Stroudwaier.  Farther  E.  is  P rejumpjeot  River  {qv- 
merly  called  Prefumpea,  or  Frefumpkeag,  which  rifes 
in  Sebago  Pond.  This  river  opens  to  the  waters  of 
Cafeo  Bay  on  the  E.  of  Portland  ; its  extent  is  not 
great,  but  it  has  feveral  valuable  mills  upon  it.  Ray- 
ah’s River  called  by  the  natives  Weftecuftego,  falls  into 
the  bay  6 miles  from  Prefumpfeot  River.  It  has  a 
good  harbor  at  its  mouth  for  fmall  veffels  ; and  has  fe- 
veral mills  upon  It ; 2 m.iles  higher  a fall  obftruds  the 
navigation.  Between  it  and  Kennebeck  there  are  no 
rivers ; fome  creeks  and  harbors  of  Cafeo  Bay  throw 
themfelves  into  the  main  land,  affording  harbors  for 
fmall  veffels,  and  interfering  the  country  in  various 
forms. — Morse. 

CASEMATE,  or  Cazemate,  in  fortification,  a 
kind  of  vault  or  arch  of  ftone-work,  in  that  part  of  the 
flank  of  a baftion  next  the  curtain  ; ferving  as  a battery 
to  defend  the  face  of  the  oppofite  baftion,  and  the  moat 
or  ditch. 

It  Is  now  feldom  ufed,  becanfe  the  batteries  of  the 
enemy  are  apt  to  bury  the  artillery  of  the  cafemate  in 
the  ruins  of  the  vault ; befide,  the  great  fmoke  made  by 
the  difeharge  of  the  cannon  renders  it  intolerable  to  the 
men.  So  that,  inftead  of  the  ancient  covered  cafemates, 
later  engineers  have  contrived  open  ones,  only  guarded 
by  a parapet.  See. 

Casemate  is  alfo  ufed  for  a well  with  feveral  fubter- 
raneous  branches,  dug  in  the  paffage  of  the  baftion,  till  ! 

the  miner  is  heard  at  work,  and  air  given  to  the  mine. 

CASSINI  (James),  a celebrated  French  aftronomer, 
was  born  at  Paris  February  18.  1677,  being  the  young- 
er fon  of  Johannes  Dominicus  Caffini,  of  whom  fome 
account  has  been  given  in  the  Encyclopaedia. 

After  his  firft  (Indies  in  his  father’s  houfe,  in  which 
it  is  not  to  be  fuppofed  that  mathematics  and  aftronomy 
would  be  negledted,  he  was  fent  to  ftudy  philofophy  at 
the  Mazarine  college,  wherethe  celebrated  Varignonwas 
then  pi ofefforof  mathematics.  From  the  affiflanceof  this 
eminent  man  young  Cafiini  profited  fo  well,  that  at  15  ! 

years  of  age  he  fupported  a mathematical  thefts  with  great, 
honour.  At  the  age  of  17  he  was  admitted  a mem- 
ber of  the  Academy  of  Sciences ; and  the  fame  year  he 

accompanied  | 
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Caffini-  accompanied  his  father  in  a journey  to  Italy,  where 
he  afEfted  him  in  the  verification  of  the  meridian  at  Bo- 
logna and  other  meafurements.  On  his  return  he  per- 
foimed  fimilar  operations  in  a journey  into  Holland, 
where  he  difcovered  fome  errors  in  the  meafure  of  the 
earth  by  Snell  the  refult  of  which  was  communicated  to 
the  Academy  in  1 702.  He  made  alfo  a viiit  to  England 
in  1696,  where  he  was  made  a member  of  the  Royal 
Society.  In  1712  he  fucceeded  his  father  as  aftronomer 
royal  at  the  obfervatory  of  Paris.  In  1717  he  gave  to 
the  Academy  his  refearches  on  the  diftance  of  the  fixed 
ftars ; in  which  he  Ihewed  that  the  whole  annual  orbit, 
of  near  2co  millions  of  miles  diameter,  is  but  as  a point 
in  comparifon  ot  that  diftance.  The  fame  year  he  com- 
municated alfo  his  difcoveries  concerning  the  inclination 
of  the  orbits  of  the  fatellites  in  general,  and  efpecially 
of  thofe  of  Saturn’s  fatellites  and  ring.  In  1725  he 
undertook  to  determine  the  caufe  of  the  moon’s  libra- 
tion,  by  which  (he  (hews  fometinies  a little  tow'ards  one 
fide,  and  fometimes  a little  on  the  other,  of  that  half 
which  is  commonly  behind  or  hid  from  our  view. 

In  1732  an  important  queftion  in  aftronomy  exercifed 
the  ingenuity  of  our  author.  His  father  had  determin- 
ed, by  his  oblervations,  that  the  planet  Venus  revolved 
about  her  axis  in  the  fpace  of  23  hours  ; and  M.  Bian- 
chini  had  publilhed  a work  in  1729,  in  which  he  fettled 
the  period  of  the  fame  revolution  at  24  days  8 hours. 
From  an  examination  of  Bianchini’s  obfervations  which 
were  upon  the  fpots  in  Venus,  he  difcovered  that  he 
had  intermitted  his  obfervations  for  the  fpace  of  three 
hours,  from  which  caufe  he  had  probably  miftaken  new 
fpots  for  the  old  ones,  and  fo  had  been  led  into  the  mif- 
take.  The  probability  is,  that  both  had  fallen  into 
fome  miftake,  or  that  they  had  proceeded  on  very  dif- 
ferent principles;  for  otherwife  fuch  different  refults  are 
wholly  unaccountable.  Dr  Herfchel  feems  fatisfied  that 
the  period  of  the  revolution  is  lefs  than  Bianchini  has 
made  ; but  he  dees  not  fay  what  it  is,  or  that  it  is  not 
much  greater  than  it  w'as  fuppofed  by  Ca(Tuii.  Our 
author,  after  he  had  convufted  Bianchini,  as  he  thought, 
of  error,  determined  the  nature  and  quantity  of  the 
acceleration  of  the  motion  of  Jupiter  at  half  a fecond 
per  year,  and  of  that  of  the  retardation  of  Saturn  at 
two  minutes  per  year;  that  thefe  quantities  would  go 
on  increafing  for  2000  years,  and  then  would  decreafe 
again.  In  1 740  he  publilhed  his  Aftronomical  Tables, 
and  his  Elements  of  Aftronomy ; very  extenlive  and 
accurate  works. 

Although  aftronomy  was  the  principal  objeft  of  our 
author’s  confideration,  he  did  not  confine  himfelf  abfo- 
lutely  to  that  branch,  but  made  cccafional  excurfions 
into  other  fields.  We  owe  alfo  to  him,  for  example. 
Experiments  on  Electricity,  or  the  Light  produced  by 
Bodies  by  FriCit  n ; Experiments  on  the  Recoil  of  Fire- 
arms ; Refearches  on  the  Rife  of  the  Mercury  in  the 
Baiometer  at  different  Heights  above  the  Level  of  the 
Sea  ; Refiedlicns  on  the  perfeding  of  Burning-glaffes ; 
and  other  Memoirs. 

The  French  Academy  had  properly  Judged,  that  one 
of  its  moft  important  objeds  was  the  meaiurement  of 
the  earth.  In  1669  Picard  meafured  a little  more  than 
a degree  of  latitude  to  the  north  of  Paris  ; but  as  that 
extent  appeared  too  fmall  from  which  to  conclude  the 
whole  circumference  with  fufficient  accuracy,  it  was  re- 
lalved  to  continue  that  meafurement  on  the  meridian  of 
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Paris  to  the  north  and  the  fouth,  through  the  whole 
extent  of  the  country.  Accordingly,  in  1683,  the  late 
M.  de  la  Hire  continued  that  on  the  north  fide  of  Pa- 
ris, and  the  older  Caffnii  that  on  the  fouth  fide.  The 
latter  was  afllfted  in  1700  in  the  continuation  of  this 
operation  by  his  fon  our  author.  The  fame  work  was 
farther  continued  by  the  fame  academicians ; and, 
finally,  the  part  left  unfinifhed  by  De  la  Hire  in  the 
north  was  finiftied  in  1718  by  our  author,  with  the  late 
Maraldi,  and  De  la  Hire  the  younger. 

Thefe  operations  produced  a confiderable  degree  of 
precifion.  It  appeared  alfo,  from  this  meafured  extent 
of  fix  degrees,  that  the  degrees  were  of  different  lengths 
in  different  parts  of  the  meridian  ; and  in  fuch  fort  that 
our  author  concluded,  in  the  volume  publifhed  for 
1718,  that  they  decreafed  moie  and  more  towards  the 
pole,  and  that  therefore  the  figure  of  the  earth  was 
that  of  an  oblong  fpheroid,  or  having  its  axis  longer 
than  the  equatorial  diameter.  He  alfo  meafured  the 
perpendicular  to  the  fame  meridian,  and  compared  the 
meafured  diftance  \\ith  the  differences  of  longitude  as 
before  determined  by  the  eclipfes  of  Jupiter’s  fatellites  ; 
whence  he  concluded  that  the  length  of  the  degrees  of 
longitude  was  fmaller  than  it  would  be  on  a fphere, 
and  that  therefore  agam  the  figure  of  the  earth  was  aia 
oblong  fpheroid,  contrary  to  the  determination  of  New- 
ton by  the  theory  of  gravity.  Though  Newton  was  of 
all  men  the  moft  averfe  from  controverfy,  the  other 
mathematicians  in  Britain  did  not  tamely  fubmit  to 
conclufions  in  diredl  oppofition  to  the  fundamental  doc- 
trine of  a philofopher  of  whofe  talents  the  nation  was 
juftly  proud.  The  confequence  was,  that  the  French 
government  fent  two  different  fets  of  meafurers,  the 
one  to  meafure  a degree  at  the  equator,  the  other  at 
the  polar  circle;  and  the  comparifon  ol  the  whole  de- 
termined the  figure  to  be  an  oblate  fpheroid,  contrary 
to  Caftini’s  determination. 

After  a long  and  laborious  life,  James  Caflini  died 
in  April  1756,  in  confequence  of  a fall,  and  was  fuc- 
ceeded  in  the  Academy  and  Obfervatory  by  the  fubjecf 
of  the  following  article.  He  publifhed,  A Treatifeori 
the  Magnitude  and  Figure  of  the  Earth  ; as  alfo.  The 
Elements  or  Theory  or  the  Planets,  wnth  d’ables  ; be- 
fide  an  infinite  number  of  papers  in  the  Memoirs  of  the 
Academy,  from  the  year  1699  ^755* 

Cassini  de  Thury  (Cefar  Francois),  a celebrated 
French  aftronomer,  director  of  the  obfervatory,  pen- 
fioner  aftronomer,  and  member  of  moft  of  the  learned 
focleties  of  Europe,  was  born  at  Paris  June  17.  1714, 
being  the  fecond  Ion  of  James  Caftini,  the  fubjed  of  the 
preceding  memoir,  whofe  occupations  and  talents  he 
inherited  and  fuppoited  with  great  honour.  He  re- 
ceived his  firft  leffons  in  aftronomy  and  mathematics 
from  MM.  Maraldi  and  Camus  ; and  made  fuch  a rapid 
progrefs,  that  when  he  was  not  more  than  ten  years  of 
age  he  calculated  the  phafes  of  a total  eclipfe  of  the  fun. 
At  the  age  of  eighteen  he  accompanied  his  father  in 
his  two  journeys  undertaken  for  drawing  the  perpendi- 
cular to  the  obfervatory  meridian  from  StraPocurg  to 
Breft.  From  that  time  a general  chart  of  France  was 
devifed  ; for  which  purpofe  it  was  neceffary  to  traverfa 
the  country  by  fever al  lines  parallel  and  perpendicular 
to  the  meridian  of  Pari«,  and  our  author  was  charged 
with  the  conduct  of  this  bufinefs ; in  which  he  was  fo 
fcrupulous  as  to  meafure  again  wjtat  had  been  meafur- 

ed 
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Caflini.  ed  by  bis  father.  This  great  work  was  publiflied  in 
1740,  with  a chart  Ihewing  the  new  meridian  of  Pa- 
ris, by  two  different  feries  of  triangles,  paffing  along 
the  lea  coalls  to  Bayonne,  traverfing  the  frontiers  of 
Spain  to  the  Mediterranean  and  Antibes,  and  thence 
along  the  eaftern  limits  of  France  to  Dunkirk,  with  pa- 
rallel and  perpendicular  lines  defcribcd  at  the  diftance 
of  6000  toifes  from  one  another,  from  fide  to  fide  of 
the  country. 

A tour  which,  in  1741,  our  author  made  in  Flan- 
ders, in  the  train  of  the  king,  gave  rife,  at  his  majefty’s 
inflance,  to  the  chart  of  France  ; relative  to  which  Caf- 
fini  publillied  different  works,  as  well  as  a great  number 
of  the  fheets  of  the  chart  itfelf.  In  1761  he  under- 
took an  expedition  into  Germany,  for  the  purpofe 
of  continuing  to  Vienna  the  perpendicular  of  the  Pa- 
ris meridian ; to  unite  the  triangles  of  the  chart  of 
France  with  the  points  taken  in  Germany  ; to  pre- 
pare the  means  of  extending  into  that  country  the 
fame  plan  as  in  France ; and  thus  to  eftablifh  fuc- 
ceflively  for  all  Europe  a moft  ufeful  uniformity. — - 
Our  author  was  at  Vienna  the  6th  of  June  1761,  the 
day  of  the  tranfit  of  the  planet  Venus  over  the  fun,  of 
which  he  obferved  as  much  as  the  ftate  of  the  weather 
would  permit  him  to  do,  and  publifhed  the  account  of 
it  in  his  Voyage  en  Allemagne. 

Finally,  M.  Caffini,  always  meditating  the  perfeflion 
of  his  grand  defign,  profited  of  the  peace  of  1783  to 
propofe  the  joining  of  certain  points  taken  upon  the 
Englifli  coaft  with  thofe  which  had  been  determined  on 
the  coaft  of  France,  and  thus  to  connedt  the  general 
chart  of  the  latter  with  that  of  the  Britifh  ifles,  like  as 
he  had  before  united  it  with  thofe  of  Flanders  and  Ger- 
many. The  propofal  was  favourably  received  by  the 
Englifti  government,  and  prefently  carried  into  effcdl 
under  the  dirediion  of  the  Royal  Society,  the  execution 
being  committed  to  the  late  General  Roy.  See  the 
life  of  that  general  in  this  Supplement . 

Between  the  years  1735  and  1770,  M.  Caffini  pub- 
lilhed,  in  the  volumes  ot  Memoirs  of  the  French  Aca- 
demy, a prodigious  number  of  pieces,  confiding  chief- 
ly of  aftronomical  obfervations  and  queftions ; among 
which  are  obfervable,  refearches  concerning  the  paral- 
lax of  the  fun,  the  Moon,  Mars,  and  Venus ; on  aftro- 
nomical refradtions,  and  the  effedt  caufed  in  their  quan- 
tity and  laws  by  the  weather  ; numerous  obfervations 
on  the  obliquity  of  the  ecliptic,  and  on  the  law  of  its 
variations.  In  fliort,  he  cultivated  aftronomy  for  fifty 
years,  the  moft  important  for  that  fcience  that  ever 
elapfed  for  the  magnitude  and  variety  of  objedls,  in 
which  he  commonly  fuftained  a principal  lhare. 

M.  Caffini  was  of  a very  ftrong  and  vigorous  confti- 
tution,  which  carried  him  through  the  many  laborious 
operations  in  geography  and  aftronomy  which  he  con- 
dudled.  An  habitual  retention  of  urine,  however,  ren- 
dered the  laft  twelve  years  of  his  life  very  painful  and 
diftreffing,  till  it  was  at  length  terminated  by  the  fmall- 
pox  the  4th  of  September  1784,  in  the  71ft  year  of  his 
age.  He  was  fucceeded  in  the  academy,  and  as  di- 
redtor  of  the  obfervatory,  by  his  only  fon  John-Do- 


minic  Caffini,  the  fourth  in  order  of  dlredl  defeent  who  Caftms 
has  filled  that  honourable  ftation.  II 

CASTINE,  the  (hire  town  of  Hancock  co.  diftridt 
of  Maine,  is  fituated  on  Penobfeot  bay.  It  was  taken 
from  the  town  of  Penobfeot,  and  incorporated  in  Feb. 

1796.  It  is  namdd  after  a French  gentleman  who  re- 
fided  here  130  years  ago,  as  alfo 

Castine  River,  which  is  about  14  miles  long.  Is 
navigable  for  6 miles,  and  has  feveral  mills  at  the  head 
of  it.  It  empties  into  Penobfeot  bay. — Morse. 

CASTLETON,  a townfliip  and  river  in  Rutland 
CO.  Vermont,  20  miles  S.  E.  of  Mount  Independence, 
atTiconderoga.  Lake  Bombazon  is  chiefly  in  this  town 
and  fends  its  waters  into  Caftleton  River  which,  rifing  in 
Pittsford,  paffes  through  this  town  in  a S.  wefterly 
courfe,  and  falls  into  Pultney  River  in  the  town  of  Fair- 
haven,  a little  below  Col.  Lyon’s  iron  works.  Fort 
Warner  ftands  in  this  town.  Inhabitants  805. — ih, 

CASTRAMETATION,  the  art  or  adt  of  encamp- 
ing an  army. 

CASWELL  Co.  in  Hillfborough  diftridt,  N.  Caro- 
lina, borders  on  Virginia  N.  It  contains  10,096  inha- 
bitants, of  whom  2,736  are  flaves.  Leefburg  is  the 
chief  town. — Morse. 

CATABAW  Indians,  a fmall  tribe  who  have  one 
town  called  Catabaw,  fituated  on  the  river  of  that  name, 

N.  lat.  34.  49.  on  the  boundary  line  between  N.  and  S. 
Carolina,  and  contains  about  450  inhabitants,  of  which 
about  150  are  fighting  men.  They  are  the  only  tribe 
which  refides  in  the  ftate  : 144,000  acres  of  land  were 
granted  them  by  the  proprietary  government.  Thefe  are 
the  remains  of  a formidable  nation,  the  braveft  and  moft 
generous  enemy  the  fix  nations  had  ; but  they  have  dege- 
nerated finee  they  have  been  furrounded  by  the  whites. 

— ib. 

CATACAUSTICS,  or  Gatacaustic  Curves,  in 
the  higher  geometry,  are  the  fpecies  of  cauftic  curves 
formed  by  refledlion. 

CATACOUSTICS,  or  Cataphonics,  is  the 
fcience  of  refledled  founds  ; or  that  part  of  acouftics 
which  treats  of  the  properties  of  echoes. 

CATALOGUES  of  Books,  is  a fubjedt  of  which 
a very  curious  hiftory  has  been  given  to  the  world  by 
Profeifor  Beckmann.  In  the  Encyclopcedia  mention 
has  been  made  of  forne  of  the  moft  valuable  catalogues, 
their  defedts  pointed  out,  and  rules  given  for  making 
them  more  perfedl ; but  nothing  has  there  been  faid  of 
their  origin,  or  ot  the  ufes  which  might  be  made  of  the 
oldeft  catalogues. 

According  to  the  Profeifor,  George  Wilier,  whom 
fome  improperly  call  Viller,  and  others  V/alter,  a book- 
feller  at  Augiburg,  who  kept  a very  large  (hop,  and 
frequented  the  Franckfort  lairs,  firfttell  upon  the  plan 
of  caufing  to  be  printed,  before  every  fair,  a catalogue 
of  all  the  new  books,  in  which  the  lize  and  printers 
names  vvere  marked.  Le  Mire,  better  known  under 
the  name  of  Mirxus,  fays,  that  catalogues  were  firft 
printed  in  the  year  IJ54;  but  Labbe  (a),  Reimann 
(b)  and  Heumann  (c),  who  took  their  information 
from  Le  Mire,  make  the  year  erroneoufly  to  be  1564. 

Willer’s 


(a)  Labbe,  Bibliotheca  Bibliothecarum.  Lipfis,  1682,  i2mo,  p.  112. 

(b)  Einleitung  in  die  Hijloriam  Literariam,  i.  p.  203. 

(c)  Confpedtus  Reip.  Litter,  c.  vi.  ^ 2.  p.  316. 
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jaialagttes.  Wiiler’s  c^taiogues  were  printed  till  the  year  1592  by 
Nicol.  Eaffseus,  printer  at  Franckfort.  Other  book- 
fellers,  however,  muft  have  foon  publilhed  catalogues 
of  the  like  kind,  though  that  of  Wilier  continued  a long 
time  to  be  the  principal. 

In  all  thefe  catalogues,  which  are  in  quarto  and  not 
paged,  the  following  order  is  obferved.  The  Latin 
books  occupy  the  firft  place,  beginning  with  the  Pro- 
teftant  theological  works,  perhaps  becaufe  Wilier  was  a 
Lutheran  ; then  come  the  Catholic  ; and  after  thefe, 
books  of  jurifprudence,  medicine,  philofophy,  poetry, 
and  mufic.  The  fecond  place  is  affigned  to  German 
books,  whicli  are  arranged  in  the  fame  manner. 

The  bookfellers  of  Leiphc  foon  perceived  the  advan- 
tage of  catalogues,  and  began  not  only  to  reprint  thofe 
of  Franckfort,  but  alfo  to  enlarge  them  with  many 
books  w^hich  had  not  been  brought  to  the  fairs  in  that 
city.  Our  author  had  for  fonie  time  in  his  cuflody, 
Catalogus  univsrfalis  pro  tiundlnis  Francofurtenjibus  ver- 
vallhus,  de  anno  1600  ; or,  A catalogue  of  all  the  books 
on  fale  in  Book-llreet,  Franckfort,  and  alfo  of  the  books 
publilhed  at  Leipfic,  which  have  not  been  brought  to 
Franckfort,  with  the  permiffion  of  his  highnefs  the  elec- 
tor of  Saxony,  to  thofe  new  works  which  have  appear- 
ed at  Leipfic.  Printed  at  Leipfic  by  Abraham  Lam- 
berg,  and  to  be  had  at  his  (hop.  On  the  September 
catalogue  of  the  fame  year,  it  is  faid  that  it  is  printed 
from  the  Franckfort  copy  with  additions.  He  found 
an  Imperial  privilege  for  the  firft  time  on  the  Franck- 
fort September  catalogue  of  1616:  Cum  gratia  et  pri- 
Ftlegio  fpeciali  f.  caef.  maj.  Projiat.  apud  J.  Kruger um 
Augujianum. 

Reimmann  fays,  that  after  Willer’s  death  the  cata- 
logue was  publiftied  by  the  Leipfic  bookfeller  Henning 
Grofle,  and  by  his  fon  and  grandfon.  The  council  of 
Franckfort  caufed  feveral  regulations  to  be  iffued  re- 
fpedting  catalogues ; an  account  of  which  may  be  feen 
in  D.  Orth’s  Treatife  on  the  Imperial  Fairs  at  Franck- 
fort.  After  the  bufinefs  of  book-felling  was  drawn 
from  Franckfort  to  .Leipfic,  occafioned  principally  by 
the  reftridlions  to  which  it  was  fubjected  at  the  former 
by  the  cenfors,  no  more  catalogues  were  printed  there  ; 
and  the  ftiops  in  Book-fireet  were  gradually  converted 
into  taverns  (a). 

“ In  the  1 6th  century  there  were  few  libraries ; and 
thefe,  which  did  not  contain  many  books,  were  in  mo- 
nafteries,  and  confifted  principally  of  theological,  philo- 
fophical,  and  hiftorical  works,  with  a few,  however,  on 
jurifprudence  and  medicine  ; while  thofe  which  treated 
of  agriculture,  manufadlures,  and  trade,  were  thought 
■ unworthy  of  the  notice  of  the  learned,  or  of  being  pre- 

fer ved  in  large  colledlions.  The  number  of  thefe  works 
was,  neverthelefs,  far  from  being  inconfiderable  ; and 
at  any  rate,  many  of  them  would  have  been  of  great 
ufe,  as  they  would  have  ferved  to  illuftrate  the  infiruc- 
tive  hiftory  of  the  arts.  Catalogues  which  might  have 
given  occafion  to  inquiries  after  books,  that  may  be  ftill 
fomewhere  preferved,  have  fuffered  the  fate  of  tomb- 
ftones,  which,  being  wafted  and  crumbled  to  pieces  by 
the  defiroying  hand  of  time,  become  no  longer  legible. 
A complete  feries  of  them  perhaps  is  nowhere  to  be 
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found,  at  lead:  I do  not  remember  (fays  the  ProfelFor)  Caulogufn 
to  have  ever  feen  one  in  any  library.”  [1 

This  lofs,  however,  he  thinks,  might  be  in  fome  mea- 
fure  fupplied  by  the  catalogues  of  Clefs  and  Draudius ; 
who,  by  the  defire  of  fome  bookfellers,  collefted  toge- 
ther all  the  catalogues  v/hich  had  been  publilhed  at  the 
dilFerent  fairs  in  different  years.  The  work  of  Clefs 
has  the  following  title  : Unius  fueculi  ejufque  ’wroruni  lit- 
teratorum  monumentis  turn  JlorentiJfimi,  turn  fertiliffimi,  ah 
anno  1500  ad  1602  nundinarum  autumnalium  inclufiveyelen- 
elms  confurnmatijfmus — defumtus  partim  ex  fingularum 
nundinarum  catalogis,  partim  ex  bibliothecis.  Auftore  Jo- 
anne Cleffio,  Wineccenfi,  Hannoio,  philofopho  ac  me- 
dico.— By  the  editor’s  preface,  it  appears  that  the  firft 
edition  was  publiftied  in  1592.  The  order  is  almoft 
the  fame  as  that  obferved  by  Wilier  in  his  catalogues. 

The  work  of  Draudius,  which  was  printed  in  feveral 
quarto  volumes  for  the  firft  time  in  i6ii,  and  after- 
wards in  1625,  is  far  larger,  moje  complete,  and  more 
methodical.  Our  author,  however,  confeffes,  that  he 
never  faw  a perfedt  copy  of  either  edition.  This  cata- 
logue conftfts  of  three  parts  ; of  which  the  firft  has  the 
title  of  Bibliotheca  clcfjica,  Jive  Catalogus  officinalis,  in 
quo  Jinguli  fingularmn  facultatum  ac  profejfionum  Ubri,  qui 
in  quavis  fere  lingua  extant — recenfentur  y ufque  ad  an- 
num  1624  inclufive.  Audtore  M.  Georgio  Draudio. — 

It  contains  Latin  works  on  theology,  jurifprudence, 
medicine,  hiftory,  geography,  and  politics.  The  copy 
in  the  library  of  the  univerfity  of  Gottingen  ends  at 
page  1304,  which  has,  however,  a catch-word,  that 
feeras  to  indicate  a deficiency. — The  fecond  part  is  en- 
titled, Bibliotheca  clajffica  five  Catalogus  officinalis,  in  quo 
philofophici  artiumque  adeo  humaniorum,  poetici  etiam  et 
mufici  Ubri  ufa^ue  ad  annum  1624  continentur.  This  part, 
containing  Latin  books  alfo,  begins  at  page  1298,  and 
ends  with  page  1654,  which  is  followed  by  an  index  of 
all  the  authors  mentioned. — A fmaller  volume,  of  302 
pages,  without  an  index,  has  for  title.  Bibliotheca  exotica, 
five  Catalogus  officinalis  librorum  peregrinis  Unguis  ufuali- 
bus  feriptorum.  And  a third  part,  forming  759  pages, 
befides  an  index  of  the  authors,  is  called,  Bibliotheca  li- 
Irorum  Germanicorum  clajftca  ; that  is,  A catalogue  of 
all  the  books  printed  in  the  German  language  till  the 
year  1625. 

We  have  reafon  to  believe  that  there  are  other  edi- 
tions of  this  catalogue  than  thofe  mentioned  by  Profef- 
for  Beckman ; and  it  might  become  fome  prince  or 
great  man,  for  it  is  not  a work  for  a bookfeller,  to  com- 
pare all  the  editions  together,  and  publifti  a new  one 
more  corredt  than  any  that  is  at  preient  extant.  This 
indeed  would  be  an  expenfive  and  not  an  eafy  tafle  ; for 
our  author  obferves,  that  all  the  oldeft  catalogues  had 
the  fame  faults  as  thofe  of  later  date,  and  that  thefe 
faults  have  been  copied  by  Draudius.  Many  books  are 
mentioned  which  were  never  printed,  and  many  titles, 
names,  and  dates,  are  given  incorredtly  ; but  Draudius 
neverthelefs  is  well  worth  the  attention  of  any  one  who 
may  be  inclined  to  employ  his  time  and  ingenuity  on 
the  hiftory  of  literature ; and  his  work  certainly  was  of 
ufe  to  Haller  when  he  compofed  his  Bibliotheca. 

Catalogues  of  the  Stars,  have  ufually  been  difpofed, 

G g either 
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CAT  [ 222  ] CAT 


Catalogue  either  as  colledted  into  certain  figures  called  conjlellattonsy 
of  the  Stars,  oj.  according  to  their  right  afcenfions,  that  is,  the  order 
of  their  paffing  over  the  meridian. 

Of  the  principal  catalogues,  according  to  the  firft  of 
thefe  forms,  an  account  has  been  given  in  the  Encyclo- 
ptijia.  The  firft  catalogue,  we  believe,  that  was  printed 
in  the  new  or  fecond  form,  according  to  the  order  of 
the  right  afcenfions.  Is  that  of  De  la  Callle,  given  in  his 
Ephemerides  for  the  ten  years  between  1755  and  1765, 
and  printed  in  1755.  It  contains  the  right  afcenfions 
and  declinations  of  307  ftars,  adapted  to  the  beginning 
cf  the  year  1750.  In  1757  De  la  Caille  publifhed  his 
Jljironomia  Funclamenta,  containing  a catalogue  of  the 
right  afcenfions  and  declinations  of  398  ftars,  likewife 
adapted  to  the  beginning  of  1750.  And  in  1763,  the 
year  after  his  death,  was  publifhed  the  Ccelum  Anjirale 
StelUferum  of  the  fame  author  ; containing  a catalogue 
of  tlie  places  of  1942  ftars,  all  fituated  to  thefouthward 
of  the  tropic  of  Capricorn,  and  obferved  by  him  while 
he  was  at  the  Cape  of  Good  Hope  in  1751  and  1752  ; 
their  places  being  alfo  adapted  to  the  beginning  of 
1750.  In  the  fame  year  was  publifhed  his  Epheme- 
rides for  the  ten  years  between  1765  and  1775;  in  the 
introduflion  to  which  are  given  the  places  of  515  zo- 
diacal ftars,  all  deduced  from  the  obfervations  of  the 
fame  author  ; the  places  adapted  to  the  beginning  of 
the  year  1765. 

In  the  Nautical  Almanac  for  1773,  is  given  a cata- 
logue of  387  ftars,  in  right  afcenfion,  declination,  lon- 
gitude, and  latitude,  derived  from  the  obfervations  of 
the  late  celebrated  Dr  Bradley,  and  adjufted  to  the  be- 
ginning of  the  year  1760.  This  fmall  catalogue,  and 
the  refults  of  about  1 200  obfervations  of  the  moon,  are 
all  that  the  public  have  yet  feen  of  the  multiplied  la- 
bours of  this  moft  accurate  and  indefatigable  obferver, 
although  he  has  now  (1798)  been  dead  upwards  of  36 
years. 

In  1775  publifired  a thin  volume,  Intitled,  Opera 
Inedita,  containing  feveral  papers  of  the  late  Tobias 
Mayer,  and  among  them  a catalogue  of  the  right  afcen- 
fions and  declinations  of  998  ftars,  which  may  be  oc- 
culted by  the  moon  and  planets ; the  places  being 
adapted  to  the  beginning  of  the  year  1756. 

At  the  end  of  the  firft  volume  of  “ Aftronomical 
Obfervations  made  at  the  Royal  Obfervatory  at  Green- 
wich,” publifhed  in  1776,  Dr  Mafkelyne,  the  prefent 
aftronomer  royal,  has  given  a catalogue  of  the  places 
of  34  principal  ftars,  in  right  afcenfion  and  north  polar 
diftance,  adapted  to  the  beginning  of  the  year  1770. 

I’hefe  being  the  refult  of  feveral  years  repeated  ob- 
fervations, .made  with  the  utmoft  care,  and  the  beft  in- 
ftruments,  it  may  be  prefumed  are  exceedingly  accu- 
rate. 

In  1782,  M.  Bode  of  Berlin  publifhed  a very  ex- 
tenfive  catalogue  of  5058  of  the  fixed  ftars,  collected 
from  the  obfervations  of  Flamfteed,  Bradley,  Hevelius, 
Mayer,  De  la  Caille,  Mefiier,  Monnier,  D’ArquIer,  and 
other  aftronomjers ; all  adapted  to  the  beginning  of  the 
year  1780;  and  accompanied  with  a celeftial  atlas  or 
fet  of  maps  of  the  conftellations,  engraved  in  a moft  de- 
licate and  beautiful  manner. 

To  thefe  may  be  added  Dr  Herfchel’s  catalogue  of 
double  ftars  printed  in  the  Phil.  Tranf.  for  1782  and 
1783  ; Mefller’s  nebulae  and  clufters  of  ftars,  publifhed 
in  the  Conndijfance  des  Temps  for  1784}  and  Herfchel’s 


catalogue  of  the  fame  kind,  given  in  the  Phil.  Tranf,  Catalogue 
for  1786.  oftheStar 

In  1789  Mr  Francis  Wollafton  publifhed  “ A Spe- 
cimen  of  a General  Aftronomical  Catalogue,  in  Zones 
of  North-polar  Diftance,  and  adapted  to  January  i. 

1 790.”  Thefe  ftars  are  colledted  from  all  the  cata- 
logues before-mentioned,  from  that  of  Hevelius  down- 
w'ards.  This  work  contains  five  diftincft  catalogues ; 
viz.  Dr  Mafkelyne’s  new  catalogue  of  36  principal  ftars; 
a general  catalogue  of  all  the  ftars,  in  zones  of  north- 
polar  diftance  ; an  index  to  the  general  catalogue  ; a 
catalogue  of  all  the  ftars.  In  the  order  in  which  they 
pafs  the  meridian  ; and  a catalogue  of  zodiacal  ftars,  in 
longitude  and  latitude. 

Finally,  in  1792,  Dr  Zach  publifhed  at  Gotha,  Ta- 
buU  Motuum  Solis  ; to  which  is  annexed  a new  catalogue 
of  the  principal  fixed  ftars,  from  his  own  obfervations 
made  in  the  years  1787,  1788,  1789,  1790.  This  ca- 
talogue contains  the  right  afcenfions  and  declinations  of 
381  principal  ftars,  adapted  to  the  beginning  of  the 
year  1800, — Hutton’s  Mathematical  Didionary. 

Befides  thefe  two  methods  of  forming  catalogues  of 
the  ftars.  Dr  Herfchel  has  conceived  a new  one,  in 
which  the  comparative  brightnefs  of  the  ftars  is  accu- 
rately cxprefTed.  It  is  long  fince  aftronomers  w'ere  firft 
led  to  arrange  the  ftars  In  clafTes  of  different  magnitudes 
by  their  various  degrees  of  brilliancy  or  luftre.  Bright- 
nefs and  fize  have  at  all  times  been  confidered  as  fyno- 
nymous  terms  ; fo  that  the  brighteft  ftars  have  been  re- 
ferred to  the  clafs  comprehending  thofe  of  the  firft  mag- 
nitude ; and  as  the  fubfequent  orders  of  ftars  have  been 
fuppofed  to  decreafe  In  luftre,  their  magnitude  has  been 
determined  in  the  fame  decreafing  progreffion  ; but  the 
want  of  fome  fixed  and  fatisfadory  ftandard  of  luftre  has 
been  the  fource  of  confiderable  confufion  and  uncertain- 
ty In  fettling  the  relative  magnitudes  of  the  ftars.  A 
ftar  marked  i . 2m.  is  fuppofed  to  be  between  the  firft 
and  fecond  magnitude  ; but  2.1m.  intimates,  that  the 
ftar  is  nearly  of  the  fecond  magnitude,  and  that  It  par- 
takes fomewhat  of  the  luftre  of  a ftar  of  the  firft  order. 

Such  fubdivifions  may  be  of  fome  ufe  in  afcertaining 
ftars  of  tlie  firft,  fecond,  and  third  clafTes ; but  the  ex- 
preffions  5m,  5.6m,  6.5m,  6m,  muft  be  very  vague  and 
indefinite.  Dr  Herfchel  obferves  that  he  has  found 
them  fo  in  fail ; and  he  therefore  confiders  this  method 
of  pointing  out  the  different  luftre  of  ftars  as  a reference 
to  an  imaginary  ftandard.  If  any  dependence  could  be 
placed  on  this  method  of  magnitudes,  “ it  would  follow, 
that  no  lefs  than  eleven  ftars  in  the  conftellation  of  the 
Lion,  namely,  fi  s-  v ^ Ab  c d 54,  48,  72,  had  all  under- 
gone a change  in  their  luftre  fince  Flamfteed’s  time : 

For  if  the  idea  of  magnitudes  had  been  a clear  one,  ' 

oar  author,  who  marked  1.2m.  and  yim.  ought 
to  be  underftood  to  mean  that  is  larger  than  y ; but 
w'e  now  find  that  adtually  y is  larger  than  /S.  Every 
one  of  the  eleven  ftars  (fays  Dr  Herfchel)  which  I 
have  pointed  out  may  be  reduced  to  the  fame  contra- 
didlion.” 

The  author  has  pointed  out  the  inftances  of  the  in-  j 

fufficiency  of  this  method,  and  of  the  uncertain  conclu- 
fions  that  are  deduced  from  it  In  determining  the  com- 
parative brightnefs  of  ftars  found  not  only  in  Mr  Flam- 
fteed’s catalogue,  but  alfo  in  the  catalogues  of  other 
aftronomers.  It  is  fufficiently  apparent  that  the  prefent 
method  of  expreffing  the  brightnefs  of  the  ftars  is  very  i 

defeclive» 
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phabetical  order,  with  the  comparative  brightnefs  of 
the  ftars  accurately  ftated.  In  a fubfequent  paper,  pub- 
liflied  in  the  fame  volume,  he  has  completely  verified 
the  utility  of  his  method  by  experience,  and  fhewn  that 
there  is  no  permanent  change  of  luftre  in  the  ftars.  In 
•the  notes  to  his  firft  catalogue  he  mentioned  « Herculis 
as  a periodical  ftar.  By  a feries  of  obfervations  on  this 
ftar,  compared  with  » Ophiuchi,  which  was  moft  con- 
veniently fituated  for  his  purpofe,  he  has  been  able  not 
only  to  confirm  this  opinion,  but  to  afcertain  its  period. 
His  obfervations  are  arranged  in  a table,  by  means  of 
which  he  determines  that  this  ftar  had  gone  through 
four  fucceflive  changes  in  an  interval  of  241  days  ; and 
therefore  the  duration  of  its  period  muft  be  about  60 
days  and  a quarter.  This  fad  concurs  with  other  cir- 
'cumftances  in  evincing  the  rotatory  motion  of  the  ftars 
on  their  axes.  “ Dark  fpots,  or  large  portions  of  the 
furface,  lefs  luminous  than  the  reft,  turned  alternately 
in  certain  diredions,  either  towards  or  from  us,  will  ac- 
count for  all  the  phenomena  of  periodical  changes  in  the 
luftre  of  the  ftars,  fo  faiisfadorily,  that  we  certainly 
need  not  look  out  for  any'  other  caufe.”  If  it  be  al- 
leged that  the  periods  in  the  change  of  luftre  of  fome 
ftars,  fuch  as  Algol,  (6  Lyras,  J'  Cephei,  and  x Antinoi, 
are  fliort,  being  only  3,  5,  6,  and  7 days  refpedively ; 
while  thofe  of  0 Ceti,  and  of  the  changeable  ftar  in  Hy- 
dra, and  that  in  the  neck  of  the  Swan,  are  long,  a- 
mounting  to  331,  394,  and  497  days;  and  that  we 
cannot  afcribe  phenomena  fo  ditferent  in  their  duration 
to  the  fame  caufe — it  may  be  anfwered  to  this  objedion, 
that  the  force  of  it  is  founded  on  our  limited  acquaint- 
ance with  the  ftate  of  the  heavens.  To  the  7 ftars,  the 
periodical  changes  of  which  were  before  known,  we 
may  now  add  « Herculis,  which  performs  a revolution 
of  its  changes  in  60  days. 

“ The  ftep  from  the  rotation  of  a Herculis  to  that  of 
e Ceti  is  far  lefs  confiderable  than  that  from  the  period 
of  Algol  to  the  rotation  of  a Herculis ; and  thus  a link 
in  the  chain  is  now  fupplied,  which  removes  the  objec- 
tion that  arofe  from  the  vacancy.”  The  rotation  of 
the  fifth  fatellite  of  Saturn  is  proved  by  the  change  ob- 
fervable  in  its  light ; and  “ this  variation  of  light,  ow- 
ing to  the  alternate  expofition  of  a more  or  lefs  bright 
hemifphere  of  this  periodical  fatellite,  plainly  indicates, 
that  the  fimilar  phenomenon  of  a changeable  ftar  arifes 
from  the  various  luftre  of  the  different  parts  of  its  fur- 
face,  fucceffively  turned  to  us  by  its  rotatory  motion.” 

Befides,  we  perceive  a greater  fimilarity  between  the 
fun  and  the  ftars,  by  means  of  the  fpots  that  muft  be 
admitted  to  exift  on  their  furfaces,  as  well  as  on  that  of 
the  fun. 

Dr  Herfchel  farther  obferves,  that  the  ftars,  befides 
a rotatory  motion  on  their  axes,  may  have  other  move- 
ments ; “ fuch  as  nutations  or  changes  in  the  inclina- 
tion of  their  axes ; which,  added  to  bodies  much  flat- 
tened by  quick  rotatoiy  motions,  or  furrounded  by 
rings  like  Saturn,  will  eafily  account  for  many  new 
phenomena  that  may  then  offer  themfelves  to  our  ex- 
tended view's.”  To  this  paper  is  likewife  fubjoined  a 
catalogue  of  nine  conftellations ; and  the  author  pro- 
mifes  to  give  the  whole  of  them  in  fucceflive  ftiort  cata- 
logues on  the  fame  plan. 

CATAWESSY,  a townftiip  in  Northumberland  co. 
Pennfylvania,  fituated  on  the  S.  E.  bank  of  the  E. 
branch  of  Sufquehannah  River  oppofite  the  mouth  of 
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Cataweffy. 


Fiftiing  Creek,  and  about  20  miles  N.  E.  of  Sunbury.  Catenari 
— Morse.  11 


CATENARIA,  or  Catenary  Curve.  See  Catharint 
cycl.  and  Arch  in  this  Supplement. 

CATHARINE  II.  emprefs  of  all  the  Ruflias,  adl- 
ed  fo  confpicuous  a part  on  the  theatre  of  the  world  ; 
poffeffed  fuch  uncommon  powers  of  mind,  highly  cul- 
tivated by  fcience  and  literature ; and  was  fuch  a pa- 
tronefs  of  fcience  and  literature  in  others — that  it  can- 
not be  deemed  foreign  from  a work  of  this  nature  to 
give  fome  account  of  the  principal  events  of  her  more 
private  life. 

Sophia  Augusta  Frederica,  w'ho,  upon  her  mar- 
riage to  the  grandfon  of  Peter  the  Great,  affumed  the 
name  Catharine  Alexievna,  was  born  at  Stettin  on 
the  2d  of  May  1729.  Her  father  was  Chriftian  Au- 
guftus,  prince  of  Anhalt  Zerbft-Dornburg,  at  that  time 
major-general  in  the  Pruffian  fervice,  commander  in 
chief  of  the  regiments  of  infantry,  and  governor  of  the 
town  and  fortrefs  of  Stettin.  Her  mother,  who  was 
born  princefs  of  Holftein  Eutin,  was  a woman  of  great 
parts  and  beauty,  of  nearly  the  fame  age  with  the  prince 
royal  of  Pruffia,  afterwards  Frederic  the  Great,  with 
whom  (he  kept  up  a regular  correfpondence,  and  who 
afterwards  contributed  to  the  aggrandifement  of  her 
daughter.  This  accompliftied  princefs  took  upon  ber- 
felf  the  care  of  educating  the  young  Sophia,  whom  fhe 
brought  up  in  the  fimpleft  manner,  and  would  not  fuf- 
fer  to  exhibit  the  leaft  fymptoms  of  that  pride  to  w'hich 
ftie  had  fome  propenfity  from  her  earlieft  childhood. 

The  confequence  of  this  falutary  reftraint  was,  that 
good  humour,  intelligence,  and  fpirit,  were  even  then 
the  ftriking  features  of  her  youthful  characler.  Being 
naturally  addi<fted  to  reading,  to  refledlion,  to  learning, 
and  to  employment,  flie  w'as  taught  the  French  and 
other  fafliionable  languages ; and  was  inftrudled  to  read 
fuch  books  chiefly  as  might  make  her  acquainted  with 
hiftory  and  with  the  principles  of  fcience ; whilft  the 
dodrines  of  the  Lutheran  religion  were  carefully  ex- 
plained to  her  by  a divine,  who  little  thought  how  foon 
his  illuftrious  pupil  would  embrace  another  faith. 

The  emprels  Elizabeth,  who  then  fwayed  the  fcep- 
tre  of  Ruffia,  had  in  early  life  been  promifed  in  mar- 
riage to  the  young  prince  of  Holftein-Eutin,  brother  to 
the  princefs  of  Anhalt  Zerbft  ; but  at  the  inftant  when 
the  marriage  was  about  to  be  celebrated,  the  prince 
fell  fick  and  died.  Elizabeth,  who  loved  him  to  excefs, 
became  inconfolable,  and  in  the  bitternefs  of  her  grief 
made  a vow  of  celibacy.  This  vow,  though  fenfual, 
and  even  lafcivious,  ftie  kept  fo  far  as  never  publicly  to 
acknowledge  any  man  as  a hufband ; and  upon  her 
afcending  the  throne  of  her  anceftors,  (he  called  her 
nephew  the  Duke  of  Holftein  Gottorp  to  her  court, 
where  he  wasfolemnly  proclaimed,  when  fourteen  years 
of  age.  Grand  Duke,  with  the  title  of  Imperial  High- 
nefs,  and  declared  fucceiTor  to  the  Emprefs  Elizabeth. 

To  fecure  the  fucceffion  in  the  family  of  Peter  the 
Great,  the  Emprefs  was  very  defirous  to  have  her 
nephew  married ; and  the  princefs  of  Anhalt  Zerbft, 
not  ignorant  of  the  tender  remembrance  which  flie  ftill 
preferved  for  her  brother,  conceived  the  idea  of  placing, 
by  means  of  it,  her  daughter  on  the  throne  of  Ruflia. 

She  communicated  her  plan  to  the  king  of  Pruffia,  who 
not  only  applauded  it,  but  lent  her  his  afliftance  to  car- 
ry it  into  execution. 
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jiatharine.  Full  of  ambitious  hopes,  therefore,  the  princefs  re-  pinefs  which  flie  could  not  find  in  the  fociety  of  her  Catharine, 
paired  with  her  daughter  to  St  Peterlburgh,  where  (he  hufband.  She  was  fond  of  pleafure  ; but  it  was  that 
was  received  with  friendfliip  by  Elizabeth,  and  where  comparatively  refined  pleafure  which  Ihe  had  enjoyed 
the  young  Sophia  foon  made  a confiderable  impreflion  at  the  court  of  Berlin.  She  loved  balls,  mufic,  and  ele- 


on  the  mind  of  the  Grand  Duke.  As  Peter  was  well 
made,  of  a good  figure,  and,  though  uneducated,  not 
deftitute  of  natural  talents,  the  attachment  became  re- 
ciprocal ; and  the  princefs  of  Zerbft,  throwing  herfelf 
at  the  feet  of  the  emprefs,  alTured  her,  that  the  two 
lovers  were  attached  to  each  other  by  a paffion  uncon- 
querable ; and  calling  to  her  mind  the  love  w’hich  fiie 
had  herfelf  borne  to  the  prince  of  Holftein,  conjured 
her  to  promote  the  happinefs  of  that  prince’s  niece. 
The  ftratagem  fucceeded.  The  choice  of  Elizabeth 
was  next  day  announced  to  the  council  and  to  the  fo- 
reign minifters  ; and  preparations  were  made  for  cele- 
brating the  marriage  with  a magnificence  worthy  of 
the  heir  of  the  throne  of  the  Ruffias.  In  the  mean 
time  the  Grand  Duke  was  feized  with  the  fmall  pox, 
from  which,  though  he  recovered,  it  was  with  fitch  a 
change  of  features,  as  rendered  him,  from  being  come- 
ly, almoft  hideous,  and  converted  the  love  of  the  young 
princefs  of  Anhalt,  if  indeed  fhe  ever  felt  for  him  that 
paffion,  into  horror  and  difgufl.  She  was  not,  however, 
of  a difpofition  to  let  a disfigured  countenance  frighten 
her  from  a throne.  She  embraced  the  Greek  religion, 
changed  her  name  from  Sophia  Augufta  Frederica  to 
Catharina  Alexievna,  and  with  the  entire  approba- 
tion of  Elizabeth  was  married  to  her  nephew  the  Grand 
Duke. 

For  fbme  time  this  ill  matched  pair  lived  together, 
though  without  love,  yet  on  terms  apparently  decent 
but  a mutual  diffike  gradually  took  place  between  them, 
which  the  courtiers  quickly  difeovered,  and  were  at 
pains  to  foment  into  hatred.  Peter  was  now  ugly  and 
his  mind  was  uninformed.  Catharine,  if  not  a beauty, 
was  at  leaft  a lovely  woman,  and  highly  accomplifhed. 
She  could  find  no  entertainment  in  his  converfation,  and 
he  felt  himfelf  degraded  by  her  fuperiority.  A fadtion 
was  formed  at  court,  headed  by  the  great  chancellor 
Beftucheff,  to  exclude  the  Grand  Duke  from  the 
throne,  and  to  place  Catharine  at  the  head  of  affairs  ; 
and  to  accompliffi  this  end,  every  art  was  employed  to 
fill  the  feeble  mind  of  the  emprefs  with  jealoufies  of 
her  nephew,  and  with  a contempt  of  his  charadter.  He 
W'as  reprefented  at  one  time  as  extremely  ambitious, 
and  capable  of  the  moft  daring  enterprifes,  to  get  im- 
mediate poffeffion  of  the  throne  ; and  at  another,  as  a 
wretch  given  up  to  drunkennefs  and  to  every  unprince- 
ly  vice. 

The  confequence  of  the  firft  of  thefe  accufations  w^as, 
that  he  was  kept  at  a dillance  from  his  aunt,  and  a 
ftrangerto  public  affairs;  and  being  wholly  unemploy- 
ed, that  time  which  his  education  had  not  fitted  him  to 
fill  up  with  reading,  refledlion,  and  rational  converfa- 
lion,  hung  fo  heavy  on  his  mind,  that  it  was  no  diffi- 
cult matter  for  thofe  diffipated  young  men,  w’ho  w’ere 
placed  about  him  for  that  very  purpole,  to  initiate  him 
in  the  habits  of  drunkennefs  and  the  other  mean  prac- 
tices to  which  it  was  pretended  he  had  long  been  de- 
voted. In  fuch  a fchool,  it  was  no  wonder  that  he  be- 
came a proficient  in  grovelling  diffipation  : or  that,  be- 
ing unpolifiied,  and  even  of  rude  manners,  he  chole  for 
his  companions  forne  of  the  lowed  of  the  people. 

Catharine,  in  the  mean  time,  languifiied  for  that  hap- 


gant  converfation,  and  could  take  no  lhare  in  the  drun- 
ken revels  of  Peter.  Among  the  young  men  with 
wffiom  he  was  furrounded,  his  chamberlain  Soltikoff 
was  particularly  remarked  for  the  elegance  of  his  tafte 
and  the  graces  of  his  perfon ; and  though  yet  fcarcely 
more  than  a boy  in  years,  he  was  faid  to  have  obtained 
the  favours  of  feveral  ladies  of  the  court.  Succefs  had 
made  him  confident  and  ambitious  ; and  his  ambition 
prompted  him  to  afpire  at  making  a conqueft  even  of 
the  Grand  Duchefs.  By  ftudying  her  tafte,  and  con- 
triving to  amufe  her,  he  was  at  laft  fuccefsful ; and  ob- 
tained from  her  Imperial  Highnefs  every  favour  which 
he  could  wifli ; but  he  enjoyed  not  his  fortune  with  mo- 
deration, and  his  enemies  contrived  to  get  him  placed 
in  an  honourable  office  at  a diftance  from  the  court. 

He  was  commiffioned  to  repair  to  Stockholm,  with  the 
title  of  Envoy  Extraordinary,  to  notify  to  the  king  of 
Sweden  the  birth  of  Paul  Petrovitch,  of  whom  the 
Grand  Duchefs  had  juft  been  delivered.*  The  pre-  * 06t.  i. 
fumptuous  Soltikoff,  proud  of  the  employment,  fet  off  1754- 
with  hafte  to  Sweden,  and  left  it  with  equal  fpeed. 

But  fcarcely  had  he  quitted  Stockholm,  on  the  wings 
of  love  and  ambition,  wdten  he  was  ftopped  on  the  road 
by  a courier,  who  put  into  his  hands  an  order  for  him 
to  go  immediately  to  Hamburgh,  and  there  to  refide 
in  the  quality  of  minifter  plenipotentiary  from  the 
court  of  Ruffia. 

Catharine  for  fome  time  preferved  her  attachment  to 
the  exiled  chamberlain  : but  all  at  once  the  prefence  of 
a ftranger,  whom  fortune  had  brought  to  the  court  of 
Ruffia,  made  her  forget  the  lover  whom  fhe  no  longer 
faw\  This  perfon  was  Staniflaus  Poniatowfky,  the  late 
king  of  Poland,  who  firft  made  his  appearance  at  l^t  Pe- 
terfburg  in  the  train  of  the  Britilh  ambaffador,  and  very 
quickly  gained  the  affedlions  of  the  Grand  Duchefs.  In 
carrying  on  this  intrigue,  the  lovers  were  net  fo  cauti- 
ous as  to  deceive  the  eyes  of  the  envious  courtiers,  who 
reported  to  the  emprefs  not  only  all  that  they  faw,  but 
whatever  they  fufpeffed.  Elizabeth  was  incenfed,  and 
commanded  Poniatowfky  to  quit  without  delay  the  do- 
minions of  Ruffia.  The  accompliflied  Pole  obeyed  ; but 
foon  returned  clothed  wdth  a charadter  which  made  him 
in  fome  degree  independent  of  the  emprefs. 

The  Count  de  Bruhl,  then  prime  minifter  to  the 
king  of  Poland,  faw  of  what  importance  it  was  to  his 
mafter  to  have  a powerful  intereft  at  the  court  of  Ruf- 
fia. He  was  likewife  no  ftranger  to  the  paffion  which 
the  Grand  Duchefs  entertained  for  Poniatowlky  ; and 
having  got  that  nobleman  decorated  with  the  order  of 
the  White  Eagle,  he  fent  him  back  to  St  Petei  ffiurgh  in 
the  quality  of  minifter  plenipotentiary  from  the  repub- 
lic and  king  of  Poland.  Nor  w^as  this  all  that  Bruhl 
did  for  the  two  lovers.  Being  informed  by  the  clian- 
cellor  Beftucheff,  that  the  Grand  Duke  and  Grand 
Duchefs  w'ere  languilhing  in  a penury  unworthy  of  their 
rank,  he  remitted  to  Poniatowficy  6000  ducats,  to  be 
employed  in  fuch  a manner  as  he  might  judge  beft  for 
fecuring  the  favour  of  the  prince  and  his  coni'ort.  The 
ambaftador  profited  by  thefe  counfelsand  benefaffions.. 

He  was  already  fure  of  the  Grand  Duchefs’s  heart,  and 
he  very  quickly  gained  the  favour  of  her  hulband-  He. 
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talked  Englifh  and  German  with  him  ; drar.k,  fmoked, 
abufed  the  French,  and  extolled  the  king  of  Pruffia 
with  unlimited  praife. 

The  Grand  Duchefs  was  fo  blinded  by  her  paffion, 
that  die  was  never  without  Poniatowlky  in  her  company. 
She  devoted  to  him  the  whole  of  her  time  ; and  fhe 
made  this  intimacy  fo  little  a fecret,  that  public  report 
was  loud  to  her  prejudice.  In  the  mean  time  fhe  was 
delivered  of  the  Princefs  Annef , who  lived  only  fifteen 
months.  The  Grand  Duke  was  the  only  perfon  about 
court  who  feemed  to  know  nothing  of  what  was  pafling. 
His  v^  hole  time  was  occupied  in  copying,  with  fervile 
affedtation,  the  air,  the  manners,  the  tone  of  the  king 
of  Prufiia  ; and  in  dreffing  a little  army  at  Oranienbaum 
in  the  Pruffian  uniform.  His  eyes,  however,  were  at 
lafl;  opened.  Some  of  the  courtiers,  from  hatred  to  the 
chancellor,  who  countenanced  the  intrigue  between  the 
Grand  Duchefs  and  the  Polilh  ambalTador,  roufed  his 
jealoufy  in  order  to  deftroy  their  enemy.  They  fuc- 
ceeded.  He  forbade  his  wife  to  be  feen  with  Ponia- 
towflcy,  and  prevailed  with  the  emprefs  to  deprive  the 
chancellor  of  his  office,  and  to  banifh  him  to  an  eflate 
which  he  had  120  verfts  beyond  Mofcow. 

Catharine  had  now  to  fupport  at  once  the  averfion  of 
her  hufband,  the  indignation  of  the  emprefs,  the  in- 
fnlting  difdain  of  a court,  which  a few  days  before  was 
lavilh  of  its  affiduities  and  fmiles ; and  what  afflidfed  her 
inoft  of  all,  the  dread  of  lofing  for  ever  her  favourite  Po- 
niatowfky.  Her  courage,  however,  did  not  forfake  her. 
Poniatowfky  was  indeed  recalled,  and  left  Ruffia,  after 
fuffering  fome  deferved  indignities  from  the  Grand 
Duke,  who  about  this  time  formed  a connedtion  with 
one  of  the  daughters  of  the  Senator  Vorontzoff,  brother 
to  the  new  chancellor.  This  lady,  Elizabeth  Roma- 
novna Vorontzoff,  was  elder  fifter  to  the  Princefs  Dafh- 
koff,  who  adted  fo  confpicucus  a part  in  the  revolution 
which  fet  the  crown  on  the  head  of  Catharine.  She 
was  beautiful,  but  vain;  and  poflefled  not  either  the 
W'it  or  the  underftanding  of  her  fifter. 

In  the  m.ean  time  the  health  of  the  emprefs  vifibly 
declining,  Catharine  W'as  very  deftrous  of  being  recon- 
ciled to  her:  but  the  irritated  fovereign  would  liften  to 
no  accommodation,  except  on  terms  too  humiliating  for 
the  haughty  fpirlt  of  the  Grand  Duchefs.  Catharine, 
therefore,  abfented  herfelf  from  court,  and  afked  per- 
iniifion  to  retire  into  Germany.  This,  as  fne  had  forc- 
ieen,  was  refufed.  Elizabeth  w'as  too  fond  of  the  young 
Paul  Petrovitch  to  permit  the  departure  of  his  mother, 
and  thereby  expofe  him  to  the  danger  of  being  at  fome 
future  period  declared  illegitimate.  She  took  the 
Grand  Duchefs  again  into  favour  ; and  it  is  thought, 
that  had  fhe  lived  a little  longer  than  ftie  did,  flie  would 
have  excluded  Peter  from  the  throne,  and  declared 
Paul  her  immediate  fucceftor. 

While  the  emprefs  was  meditating  the  aggrandize- 
ment of  the  young  prince  and  his  mother,  the  Grand 
Duke  had  conceived  a plan  for  degrading  them  both. 
He  had  refolved,  at  the  moment  his  aunt  fhould  clofe; 
her  eyes,  to  alTemble  his  troops,  to  get  himfelf  proclaim- 
ed emperor,  to  repudiate  the  Grand  Duchefs,  to  declare 
the  young  Paul  Petrovitch  illegitimate,  and  publicly 
to  marry  his  miftrefs  Elizabeth  Romanovna  Voront- 


zoflF.  We  have  fliown  elfewhere  (fee  Russia,  n®  72.  Cathaftn 
EncycL)  how  this  plan,  when  almoft  ready  to  be  carried 
into  execution,  was  betrayed  to  Catharine,  who,  ever 
fince  her  caballing  with  the  Chancellor  Beftucheff,  had 
refolved,  by  fome  means  or  other,  to  fnatch  the  feeptre 
from  the  feeble  hand  of  her  hufoand.  At  prefent,  we 
believe  fhe  was  not  acquainted  with  it ; and  though  Ihe 
had,  fne  could  not  now  have  turned  it  to  her  advan- 
tage, as  her  party,  ever  fince  the  difgrace  of  Beftu- 
chefF,  was  v.nthont  a leader  of  any  abilities. 

Amid  thefe  diftraftions  caufed  by  the  profpeift  of  the 
death  of  the  emprefs,  and  the  known  hatred  of  the 
Grand  Duke  and  Duchefs  to  each  other,  Count  Panin, 
preceptor  to  the  young  prince,  devoted  himfelf  entirely 
to  Catharine.  He  wilhed  to  fee  her  poflefled  of  all  the 
power  of  the  empire  ; but  he  was  afraid  to  proceed  to 
the  extremity  to  which  file  propofed  to  go,  and  to  de- 
prive Peter  of  the  name  of  Emperor.  He  contrived 
therefore  to  procure  an  apparent  leconciliatlon  between 
the  Grand  Duke  and  his  confert,  as  well  as  between  him 
and  his  aunt  Elizabeth ; and  he  had  almoft  perfuaded 
the  filly  prince  not  to  aifume  the  fovereign  power  on 
the  death  of  the  emprefs,  till  he  fiiould  be  folemnly  in- 
vefted  with  it  by  a decree  of  the  fenate.  Could  he  ob- 
tain this  point,  he  knew  that  the  power  of  Peter  would 
be  limited,  and  the  authority  fecured  to  his  wife  and  his 
fon.  He  was,  however,  difappointed.  Catharine  her- 
felf difapproved  of  this  plan,  and  concurred  with  the 
real  friends  of  her  hufband  in  advifing  him  “ to  conform 
to  eftabli filed  cuftom  in  afluming  the  reins  of  empire." 

He  had  hardly  received  this  advice  when  word  was 
brought  him  that  the  Emprefs  Elizabeth  was  dead  (a); 
and  the  courtiers  preflTed  in  crowds  about  him.  He 
accofted  them  with  dignity,  received  the  oaths  of  the 
officers  of  his  guard,  and  feemed  at  once  to  have  laid 
afide  his  weaknefs.  In  an  hour  he  got  on  horfeback, 
traverfed  the  ftreets  of  St  Peterfburg,  and  diftributed 
money  among  the  multitude  and  the  foldiers.  He  had 
been  fo  treated  by  his  aunt,  that  he  could  not  pofllbly 
be  grieved  at  her  death  ; but  in  paying  the  laft  duties 
to  her  remains,  he  betrayed  no  indecent  elation.  The 
firft  atftions  of  his  reign  were  prudent  and  patriotic,  and 
fuch  as  would  have  done  honour  to  a greater  prince. 

He  appeared  to  be  reconciled  to  his  wife,  in  whofe 
company  he  fpent  much  of  his  time  ; he  recalled  from 
prifon  and  banifhment  17,000  perfons,  fome  of  them  of 
rank  and  of  great  talents,  who  hadjjeen  the  victims  of 
Elizabeth’s  jealous  timidity  ; he  permitted  the  nobility 
to  bear  arms  or  not  at  their  own  diferetion,  freeing  them 
at  the  fame  time  from  the  extreme  fervitude  under 
which  they  had  been  held  by  his  immediate  predeceflbrs ; 
and  he  abolifhed  the  fecret  cormniitee,  an  infamous  inqui- 
fitorial  tribunal,  which  ever  fince  the  reign  of  the  father 
of  Peter  the  Great  had  been  the  chief  engine  of  Ruffian 
del'potifm. 

He  negleded,  however,  one  thing;  which,  among  the 
people  over  whom  he  was  appointed  to  reign,  wordd 
have  contributed  more  to  tire  fecurity  of  his  throne  than 
all  the  wife  and  beneficent  edicts  which  he  had  publifh- 
ed.  He  made  no  preparations  to  be  crov.med  at  Mof- 
cow. Inftead  of  complying  with  this  ancient  ceremony, 
and  humouring  the  prejudices  of  his  fuperftitious  fub- 

jedts, 
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;;atharme.  jeAs,  he  thought  of  nothing  but  of  war  wkh  Denmark, 
and  of  a perfonal  interview  with  the  king  of  Pruflia  in 
’ Germany.  His  admiration  of  that  great  monarch  hur- 

: ried  him  indeed  into  the  moft  extravagant  follies.  Not 

contented  with  giving  him  peace,  and  entering  into  an 
cfFenfive  and  defenfive  alliance  with  him,  he  had  the 
meannefs  to  folicit  a commiffion  in  his  army,  and  to  ac- 
cept of  the  rank  of  major-general.  Of  this  title  he  feem- 
ed  more  vain  than  of  that  of  Emperor  of  all  the  Ruf- 
fias.  He  conftantly  wore  the  Pruffian  uniform  ; intro- 
i duced  among  his  troops  the  Pruffian  difcipline,  which, 

though  better  than  their  own,  was  difagreeable,  becaufe 
it  was  new,  and  much  more  becaufe  it  was  German ; 
and  he  raifed  his  uncle,  a man  of  no  military  talents,  and 
I a foreigner,  to  the  dignity  of  generaliffimo  of  the  Ruf- 

fian armies ; giving  him  at  the  fame  time  the  particular 
' command  of  the  horfe-guards,  a body  of  men  which  had 

never  before  been  under  any  command  but  that  of  the 
fupreme  head  of  the  empire.  Nor  did  his  infatuated 
predilediou  for  Germany,  a country  abhorred  by  the 
Ruffians,  ftop  even  here : He  difbanded  the  noble 
guards  which  had  placed  Elizabeth  on  the  throne,  dif- 
milTed  the  horfe-guards  from  the  fervice  which  they 
performed  at  court,  and  fubftituted  his  Holftein  guards 
in  their  place. 

Whillt  he  was  thus  alienating  from  himfelf  the  affec- 
tions of  the  army,  he  contrived  to  difguft  another  or- 
der of  men,  whofe  attachment  he  fhould  have  laboured 
above  all  things  to  retain.  He  w'as  at  pains  to  Ihew'  his 
preference  of  the  Lutheran  faith  and  worlhip  to  the 
doffrines  and  ceremonies  of  the  Greek  church  ; he  at- 
tempted to  make  fonie  alterations  in  the  drefs  of  the 
monks  ; he  annexed  great  part  of  the  poffeffions  of  the 
church  to  the  domains  of  the  crown  ; and  he  banifhed 
the  archbilhop  of  Novogorod,  who  oppofed  thefe  inno- 
vations ; and  found  himfelf  obliged  fuddenly  to  recal 
him. 

He  had  now  returned  to  his  former  courfes.  He 
fhut  himfelf  up  for  whole  days  with  his  miftrefs  and 
drunken  companions ; he  compelled  the  nobility  and 
ladies  of  the  court  to  fit  in  company  whth  buffoons  and 
comedians ; he  infulted  every  foreign  minifter  but  the 
minifters  of  Great-Britain  and  Pruffia  ; and  he  made  no 
fecret  of  his  intention  to  repudiate  the  emprefs,  declare 
Paul  Petrov  itch  illegitimate,  and  marry  the  Countefs 
Vorontzoff.  Convinced,  how'ever,  as  it  would  feem, 
that  he  could  not  be  a father,  he  refolved  to  adopt 
Prince  Ivan,  the  defcendant  of  the  elder  brother  of  Pe- 
ter the  Great,  wffiom  Elizabeth  had  dethroned  and  con- 
fined in  prifon,  to  declare  him  his  fucceffor,  and  to  unite 
him  in  marriage  with  the  young  princefs  of  Holftein 
Beck,  who  w'as  then  at  St  Peterfburgh,  and  whom  he 
cherilhed  as  his  daughter. 

This  inconfiftent  and  weak  condud  of  the  emperor 
turned  the  attention  of  all  orders  of  men  to  the  em- 
prefs, who  made  it  her  foie  employment  to  gain  thofe 
hearts  which  he  was  lofing.  Inftrudted  from  her  in- 
fancy in  the  arts  of  diflimulation,  it  w’as  not  difficult  for 
her  to  affed,  in  the  fight  of  the  multitude,  fentiments 
the  moft  foreign  to  her  mind.  The  pupil  of  the  French 
pLilofophers  put  on  the  air  of  a bigot  to  the  moft  fu- 
perftitious  ceremonies  of  the  Greek  lellglon,  and  treat- 
ed the  minifters  of  that  religion  with  the  profoundeft  re- 
verence. And  whilft  her  hiifband  was  getting  drunk 
amidft  a rabble  of  buffoons,  and  dlfgufting  every  perfon 


of  decency  who  approached  him,  fhe  kept  her  court  Catharine, 
with  a mixture  of  dignity  and  affability,  which  attraded 
to  her  all  who,  by  capacity,  courage,  or  reputation, 
were  capable  of  ferving  her. 

Corred,  however,  as  her  public  condud  appeared, 
her  private  life  w'as  not  lefs  licentious  than  formerly. 

While  yet  Grand  Duchefs,  fhe  had  formed  a very  ten- 
der connedion  with  Gregory  Orluff,  a man  of  mean 
birth,  and  of  no  education,  but  poffeffed  at  once  of 
perfonal  beauty  and  the  moft  daring  courage.  He  had 
an  inferior  commiffion  in  the  artillery,  while  his  two 
brothers  were  common  foldiers  in  the  regiments  of 
guards.  The  intrigue  which  fhe  carried  on  with  him 
was  known  only  to  one  of  her  women  named  Catharine 
Ivanovna  ; nor  did  Orloff  himfelf  for  fome  time  fufpecT; 
the  rank  of  the  lady  who  fo  laviftily  conferred  upon  him 
her  favours  in  fecret.  At  laft  finding  him  intrepid  and 
difcreet,  Ihe  difcovered  herfelf,  unveiled  to  him  all  her 
ambitious  defigns,  and  eafily  prevailed  with  him  and  his 
brothers  to  enter  with  zeal  into  her  confpiracy  againft 
the  emperor.  Orloff  likewife  gained  over  Bibikoff  his 
friend,  a Lieutenant  Paftick,  wfith  other  officers  ; and  by 
their  means  eafily  feduced  fome  regiments  of  the  guards. 

The  Princefs  Dafhkoff  was  ftrongly  attached  to  Catha- 
rine, we  believe,  from  worthy  motives,  and  had  frequent 
meetings  with  Orloff  on  the  bufinefs  of  the  confpiracy, 
without  fufpeding  that  he  was  fo  much  as  knowm  to 
the  empiefs.  Count  Panin,  too,  and  the  Hetman  of 
the  Koffacks,  w'ere  determined  to  tumble  Peter  from  the 
throne ; but  they  v;ere  not  inclined  to  go  all  the  lengths 
propofed  by  Catharine  and  her  two  favourites.  Hop- 
ing to  enjoy  the  adual  power  of  the  empire  them- 
felves,  they  were  for  declaring  Paul  Petrovitch  empe- 
ror in  the  room  of  his  father,  and  conferring  upon  his 
mother  the  name  and  authority  only  of  regent ; while 
the  princefs  and  Orloff,  knowing  the  fentiments  and 
wifhes  of  the  emprefs,  were  refolved  to  veft  her  with 
fovereign  power,  or  to  perifh  themfelves  in  the  hazard- 
ous attempt. 

In  the  mean  time  the  annlverfary  of  the  patron  faints 
of  Ruffia  was  at  hand,  when  Peter  had  determined,  at 
the  conclufion  of  the  feftival,  to  divorce  the  emprefs, 
ftiut  her  up  in  prifon,  declare  her  fon  illegitimate,  and 
publickly  marry  his  miftrefs.  As  they  who  plan  a con- 
fpiracy are  always  more  vigilant  than  thofe  againft  whom 
it  is  direcfted,  the  friends  of  Catharine  were  carefully 
informed  of  all  that  paffed  about  the  emperor,  whilft  he 
was  kept  In  total  ignorance  of  their  proceedings.  It 
was  therefore  neceffary  for  them  to  unite  in  the  fame 
plan,  and  to  carry  it  quickly  into  execution  ; for  delay 
or  divifions  would  involve  them  all  in  one  common  ruin. 

The  emprefs  contrived  to  bring  over  the  Hetman  en- 
tirely to  her  views  ; and  the  Princefs  Daffikoff,  by  the 
facrifice,  it  has  been  faid,  of  her  charms,  found  little 
difficulty  in  reconciling  Count  Panin  to  the  fame  mea- 
fures.  They  now  agreed  to  felze  the  Tzar  on  his  arrival 
at  Peterhcff,  an  Imperial  palace  on  the  Ihore  of  the  Gulf 
of  Cronftadt,  where  he  propofed  to  celebrate  the  ap- 
proaching feftival ; and  they  were  waiting  impatiently 
fnr  the  moment  of  aiftlon,  when  all  at  once  their  plot 
was  difcovered. 

Paftick,  who  has  been  mentioned  among  the  confpl- 
rators,  had  gained  the  foldiers  of  the  company  of  guards 
in  which  he  was  a lieutenant ; but  one  of  them,  wffio 
thought  that  his  captain  was  in  the  fecret,  alked  that 
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officer  one  evening.  When  they  were  to  take  up  arms 
againPt  the  emperor?  The  captain,  furprifed,  had  re. 
courfe  to  diffiniulation,  and  ealily  drew  from  the  foldier 
all  that  he  knew  of  the  confpiracy.  It  was  nine  o’clock 
at  night.  Paffick  was  put  under  arreft ; but  found 
means  to  fl'p  into  the  hands  of  a man  who  had  been 
placed  as  a fpy  over  him  by  the  Princefs  Daftikoff,  a 
icrap  of  paper  containing  thefe  words,  “ Proceed  to  ex- 
ecution this  inflant,  or  we  are  undone.”  The  man  was 
defired  to  carry  it  to  the  Hetman,  by  whom  he  would 
be  handfomely  rewarded  ; but  he  hurried  with  it  to  the 
piincefs,  who  inftantly  communicated  the  intelligence  to 
the  other  confpirators.  She  herfelf  put  on  man’s  appa- 
rel, and  hallened  to  the  place  where  Ihe  was  accuflomed 
to  meet  Oiloff  and  his  friends  ; where  fhe  found  them, 
as  impatient  as  herfelf  to  carry  their  plot  into  imme- 
diate execution. 

During  this  awful  crifis  the  emprefs  was  at  Peter- 
hoff,  at  the  dillance  of  25  verlls  from  St  Peterfburgh  ; 
and  one  of  the  brothers  of  Gregory  Orloff,  named  A- 
lexius,  undertook  to  find  her  out,  whilfl;  he  himfelf, 
with  his  other  brother  and  Bibikoff  his  friend,  repaired 
to  the  barracks  for  the  purpofe  of  infirudting  the  fol- 
diers  of  their  party  how  to  adl  on  the  firft  fignal.  A- 
lexius  OrlofF  carried  with  him  a fliort  note  from  the 
Princefs  DafhkolF,  but  neglefled  to  deliver  it ; and  the 
emprefs,  being  fuddenly  roufed  from  a found  fleep,  was 
much  alarmed,  when  Ihe  faw  at  the  fide  of  her  bed  a 
foldier  of  whom  (he  knew  nothing.  Her  alarm  was  in- 
creafed  when  the  ftranger  faid,  “ Your  majefty  has  not 
a moment  to  lofe  ; get  ready  to  follow  me  and  in- 
Pcantly  difappeared.  She  rofe,  however,  and  calling  her 
woman  Ivanovna,  they  difguifed  therafelves  in  fuch  a 
manner  that  they  could  not  be  known  by  the  fentinels 
about  the  palace  ; and  the  foldier  returning,  they  hur- 
ried with  him  to  a coach  which  was  waiting  at  the  gar- 
den gate,  Orloff  took  the  reins,  but  drove  with  fuch 
fury  that  the  horfes  foon  fell  down  ; and  they  were 
obliged  to  travel  part  of  the  way  on  foot.  They  had 
not,  however,  gone  far,  when  they  met  a light  country 
cart  ; and  flie  who  was  afpiring  to  the  throne  of  the 
greateft  empire  in  the  world,  was  glad  to  enter  the  capi- 
tal of  that  empire  in  this  humble  vehicle. 

It  was  feven  in  the  morning  when  fhe  arrived  in  St 
Peteifourgh  ; and  to  the  foldiers,  who  gathered  about 
her  in  great  numbers,  Ihe  faid,  that  “ her  danger  had 
driven  her  to  the  neceffity  of  coming  to  afle  their  affift- 
ance  ; that  the  Tzar  had  intended,  that  very  night,  to 
put  her  and  her  fon  to  death  ; and  that  fhe  had  fo  great 
confidence  in  their  difpofitions,  as  to  put  herfelf  en- 
tirely into  their  hands.”  They  immediately  Ihouted, 
“ Dong  live  the  emprefs  1”  And  the  chaplain  of  one  of 
the  regiments  fetching  a crucifix,  received  their  oaths 
of  fidelity. 

The  troops,  however,  were  not  unanimous  in  this  re- 
volt. I'hough  Gregory  Orloff  was  treafurer  of  the  ar- 
tillery, and  well  enough  beloved  by  the  foldiers,  that 
corps  refufed  to  follow  him  until  he  Ihould  produce  the 
orders  of  Villebois  their  general;  and  that  officer,  with- 
held either  by  fidelity  to  the  emperor  or  by  fear,  pre- 
fumed to  fpeak  to  Catharine  of  the  obftacles  which  yet 
remained  for  her  to  furmount ; adding,  that  ffie  ought 
to  have  forefeen  them.  She  haughtily  replied,  that  “ fhe 
had  not  fent  for  him  to  afk  v/hat  ffie  ought  to  have 
forefeen,  but  to  know  how  he  intended  to  aft.”  “ To 


obey  your  majefty,”  returned  Villebois ; and  putting  Catharim 
himfelf  at  the  head  of  his  regiment,  he  immediately  join- 
ed  the  confpirators.  So  ripe  indeed  were  the  minds  of 
all  men  for  this  revolt,  that  in  the  fpace  of  two  hours 
the  emprefs  found  herfelf  furrounded  by  2000  warriors, 
together  with  great  part  of  the  inhabitants  of  Peterf- 
burgh ; and  with  that  numerous  train  of  attendants  ffie 
repaired  to  the  church  of  Kafan,  where  the  archbiffiop 
of  Novogorod,  fetting  the  Imperial  crown  on  her  head, 
proclaimed  her  fovereign  of  all  the  Ruffias,  declaring, 
at  the  fame  time,  Paul  Petrovitch  her  fucceffor. 

Matters  had  now  proceeded  by  much  too  far  to  ad- 
mit of  any  compromife  between  Catharine  and  her  huf. 
band  : but  had  the  infatuated  Tzar  put  his  affairs  whol- 
ly into  the  hands  of  Marfnal  Munich,  that  intrepid  ve- 
teran would  have  tumbled  the  emprefs  from  her  throne 
almoft  as  quickly  as  ffie  had  got  polTeffion  of  it.  He 
afted,  however,  a very  different  part.  Upon  receiving 
intelligence  of  what  had  been  done  at  St  Peterffiurgh, 
he  afked  indeed  the  Marffial’s  advice,  but  fuffered  him- 
felf to  be  guided  by  his  miftrefs  and  timid  companions. 
Through  their  terrors  and  his  own  irrefolution  oppor- 
tunities were  loft  which  could  never  be  recovered  ; for 
though  his  Hoiftein  guards,  with  tears  in  their  eyes, 
fwore  that  they  were  all  ready  to  facrifice  their  lives  in 
his  fervice,  and  though  the  old  Marflial  offered  to  lead 
them  againft  the/rebels,  faying  to  the  emperor,  “ I will 
go  before  you,  and  their  fvvords  ffiall  not  reach  you  till 
they  have  pierced  my  body,”  he  was  perfuaded  to  treat 
with  the  emprefs,  to  acknowledge  his  mifeonduft,  and 
to  offer  to  ffiare  with  her  the  fovereign  power.  At 
laft  he  was  weak  enough  to  abandon  his  troops,  and 
to  furrender  at  diferetion  to  his  confort ; whofe  creatures 
hurried  him  from  Oranienbaum  to  Peterhoff,  ftripped 
him  of  all  his  clothes,  and  after  leaving  him  for  fame 
time  in  his  ffilrt,  a butt  to  the  outrages  of  an  infolent 
foldiery,  threw  over  him  an  old  morning  gown,  and  Ihut 
him  up  alone,  with  a guard  at  the  door  of  his  wretched 
apartment.  On  the  29th  of  June,  O.  S.*  1762,  Count  * July  i< 
Panin  was  fent  to  him  by  the  emprefs ; and  after  a long 
conference,  prevailed  with  him  to  write  and  fign  a fo- 
lemn  refignatlon  of  his  crown,  and  a declaration  of  his 
utter  incapacity  to  govern  fo  great  an  empire. 

The  revolution  was  now  complete,  and  Peter  feemed 
to  enjoy  fome  compofure  of  mind  ; but  in  the  evening 
he  was  carried  a prifoner  to  Ropfeha,  a fmall  Imperial 
palace,  at  the  diftance  of  20  verfts  from  Peterhoff,  where 
he  was  murdered  on  the  17th  of  July,  juft  one  week  af- 
ter his  depofition.  Of  the  manner  of  his  death  different 
accounts  have  been  given.  By  fome  he  is  faid  to  have 
been  poifoned ; by  others,  to  have  been  ftrangled  by  one 
of  the  Orloffs ; and  a few  have  thought  that  he  periffied 
by  the  fame  means  as  Henry  VI.  of  England.  Whether 
the  emprefs  was  acceffary  to  his  death  is  not  known ; 
though  it  is  certain,  that  fo  far  from  making  any  in- 
quiry after  his  murderers,  ffie  affefted  to  believe  that  he 
had  died  naturally  of  the  piks  J 

The  firft  care  of  Catharine  was  to  reward  thofe  who 
had  been  the  principal  aftors  in  the  revolt.  Panin  was 
made  prime  minilter ; the  Orloffs  received  the  title  of 
Count ; and  the  favourite  Gregory  was  appointed  lieu- 
tenant-general of  the  Ruffian  armies,  and  knight  of  the 
order  of  St  Alexander  Nefsky,  the  fecond  order  of  the 
empire.  Several  officers  of  the  guards  were  promoted, 
of  whom  24  received  confiderable  eftates  ; and  among 
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atharine.  Jl'year,  to  be  paid  him  in  England,  befides  L.  10.000 
which  he  immediately  received.  So  popular  was  the 
emprefs  at  this  period,  that,  by  a decree  of  the  fenate, 
the  ahniverfary  of  her  recovery  from  the  fmall-pox  was 
enjoined  to  be  celebrated  as  a religious  feftival ; and  it 
has  ever  fince  been  obferved  as  fucb. 

She  was  now  engaged  in  war  with  the  Turks,  of 
which  a fufHcient  account  for  a work  of  this  nature  has 
been  given  under  the  title  Turkey  (Encycl.)',  but 
there  v/as  one  tranfadlion  of  her  and  her  friends,  of 
which  no  mention  was  made  in  that  article,  though  it 
is  of  importance  to  him  who  would  form  a juft  eftimate 
of  her  perfonal  charadler. 

We  have  noticed  the  fenfuality  of  the  emprefs  Eliza- 
beth. She  bore  three  children  to  the  grand  veneur 
Alexy  Gregorievitch  RazumofHky,  to  w'hom,  indeed, 
file  is  faid  to  have  been  clandeftinely  married.  Ofthefe 
children  the  youngeft  was  a girl,  brought  up  under  the 
name  of  princefs  Tarrakanoff.  Prince  Radzivil,  w'ho 
has  been  mentioned  in  the  article  Poland  (Encycl.), 
irritated  at  Catharine’s  cruelties  to  his  countrymen, 
conceived  the  projeft  of  placing  the  young  princefs  on 
the  throne  of  her  anceftors  ; and,  having  gained  over 
the  perfons  to  whom  her  education  was  entrufted,  he 
carried  her  off  to  Rome  as  a place  of  fafety.  Catha- 
rine, in  return,  feized  his  large  eftates  ; and  he  and  the 
princefs  were  reduced  to  extreme  poverty.  Radzivil 
repaired  to  Poland  in  order  to  learn  what  could  be 
done  to  forward  his  great  enterprife  ; and  fcarcely  had 
he  arrived  there  when  an  offer  was  made  to  reftore  to 
him  his  poffeffions,  upon  condition  of  his  carrying  his 
ward  to  St  Peterfburgh.  This  he  refufed  ; but  had  the 
bafenefs  to  promife,  that  he  w'ould  give  himfelf  no  far- 
ther concern  about  the  daughter  of  Elizabeth  ; and  he 
was  put  in  poffeffion  of  all  his  eftates. 

By  the  inftruffions  of  the  emprefs,  Alexius  Orloff, 
who  nominally  commanded  the  Ruffian  fleet  at  the 
Dardanelles,  repaired  to  Rome,  got  accefs  to  young 
Tarrakanoff,  and  found  means  to  perfuade  her  that  all 
Ruflla  was  ready  to  revolt  from  Catharine,  and  place 
her  on  the  throne  of  her  mother.  To  convince  her  of 
his  fincerity,  he  pretended  to  feel  for  her  the  tendered 
and  moft  refpeiftful  paflion  ; and  the  unfufpicious  lady 
was  induced  to  accept  of  him  as  a hulband.  The  ruB 
fian  who  had  affaffinated  the  grandfon  of  Peter  the 
Great,  did  not  hefitate  to  feduce  and  betray  his  grand- 
daughter. Under  pretence  of  having  the  marriage  ce- 
remony performed  according  to  the  rites  of  the  Greek 
church,  he  fuborned  fomefubaltern  villains  to  perfonate 
priefts  and  lawyers  ; thus  combining  profanation  with 
impofture  againft  the  unproteded  and  too  confident 
Tarrakanoff. 

Having  been  treated  for  fome  days,  both  at  Rome 
and  at  Leghorn,  w’ith  all  the  refped  due  to  a fovereign, 
the  unfufpeding  princefs  expreffed  a wifli  to  go  on 
board  a Ruffian  ftiip  of  war.  This  was  juft  what  Or- 
loff wanted.  Attended  by  a numerous  and  obfequious 
train,  fire  w'as  rowed  from  the  fhore  in  a boat  with  mag- 
nificent enfigns,  hoifted  upon  the  deck  of  the  (hip  in 
a fplendid  chair,  and  immediately  handcuffed.  In  vain 
did  (he  throw  herfelf  at  the  feet  of  her  pretended  huf- 


band,  and  conjure  him  by  every  thing  tender  which  Catharine, 
had  paffed  between  them.  She  was  carried  down  into 
the  hold  ; the  next  day  the  veffel  failed  for  St  Peteri'- 
burgh  ; where,  upon  her  arrival,  the  princefs  was  (hut 
up  in  the  fortrefs  ; and  what  became  of  her  fince  was 
never  known.  Such  were  the  means  which  Catharine 
fcrupled  not  to  employ  in  order  to  get  rid  of  all  pre- 
tenders to  her  throne. 

Soon  after  this  fervice  rendered  to  her  by  Alexius 
Orloff,  (he  difmiffed  his  brother  Gregory  from  her  fa- 
vour, and  conneded  herfelf  with  Vaffiltchikoff,  a fub- 
lieutenant  of  the  guards.  The  former  favourite  had 
indeed  become  infolent,  and,  as  Catharine  thought, 
ungrateful.  He  afpired  to  nothing  Icfs  than  the  throne. 

From  love  to  himfelf  and  to  a fon  which  (he  had  born 
to  him,  (he  offered  to  enter  into  a fecret  marriage  ; but 
with  this  propofal  the  proud  prince  (a)  was  not  fatis- 
fied,  and  hoped  that  his  refufal  would  impel  her  to  re- 
ceive him  publicly  as  her  hulband  and  partner  in  power- 
He  was  miftaken.  She  divefted  him  of  all  his  employ- 
ments ; but  gave  him  a penfion  of  150,000  rubles,  a 
handfome  fervice  of  plate,  and  an  eftate  with  6000  pea- 
fants  upon  it ; and,  thus  enriched,  he  fet  out  upon  a 
journey  through  various  parts  of  Europe.  He  return- 
ed, however,  much  fooner  than  was  expected  ; the  new 
favourite  was  handfomely  rewarded,  and  fent  to  a dif- 
tance  ; Oiloff  was  reftored  to  all  his  offices,  and  his 
baleful  influence  was  again  felt. 

He  attempted  to  perfuade  the  emprefs  to  difmifs 
Panin  from  the  court ; but  the  grand  duke  interpofed 
in  behalf  of  his  old  preceptor ; and,  for  once,  Catharine 
liftened  to  the  entreaties  of  her  fon.  When  a dreadful 
rebellion,  under  a Koffak  of  the  name  of  Puget(hoff, 
who  pretended  to  be  Peter  III.  efcaped  from  his  af- 
faffins,  was  fhaking  the  throne  to  its  foundation — the 
influence  of  Orloff  was  fuch  as  to  prevent  the  emprefs, 
for  fome  time,  from  employing  her  ableft  general  againft 
the  rebels,  becaufe  that  general  was  Panin,  brother  to 
the  minifter.  Danger,  however,  at  laft  prevailed  over 
the  favourite : Panin  was  fent  againft  Pugetfhoff ; the 
rebellion  was  crufhed  ; and  Catharine  found  leifure  to 
give  fomething  like  a legal  conftitution  to  the  empire.  In 
thatw'ork,  the  laws  and  regulations  eftabliftiedfor  the  go- 
vernment of  the  various  provinces,  and  for  the  equitable  - 
adminiftration  ofjuftice  through  the  whole  of  hervaft  do- 
minions, evinces  thegreateft  wifdom  and  fagacityin  their 
author,  as  well  as  a proper  regard  to  the  pradicable  li- 
berties and  rights  of  men.  In  the  capital,  (he  eftablifh- 
ed  the  moft  perfedt  police,  by  which  the  internal  tran- 
quillity of  a great  city  was,  perhaps,  ever  maintained  ; 
and  whilft  her  private  condudt  was  far  from  correct,  (he 
was  affing  in  the  capacity  of  fovereign,  fo  as  to  de- 
ferve,  indeed,  the  appellation  of  Mother  of  her  people. 

To  follow  her  through  all  her  wars  and  intrigues 
with  foreign  courts,  would  fv’-ell  this  article  to  the  fize 
of  a volume.  Such  a narrative,  too,  belongs  rather  to 
the  hiftory  of  Ruffia  than  to  the  memoirs  of  Catharine  ; 
in  which  it  is  the  bufinefs  of  the  biographer  to  deve- 
lope  the  private  charafter  of  the  woman  rather  than  to 
detail  the  exploits  of  the  fovereign.  Her  partition  of 
Poland,  and  afterwards  the  annihilation  of  it  as  an  in- 
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1 Cauda  evening  of  the  following  day,  expired,  in  the  68th  year 
; II  of  her  age,  leaving  behind  her  the  charadter  of  one  of 
the  greateft  fovereigns  that  ever  fwayed  a fceptre. 

After  this  long  detail  of  the  incidents  of  her  life,  It 
I is  needlefs  to  inform  the  reader  that  Catharine  II.  had 

no  religion,  and,  of  courfe,  no  principles  of  morality, 
which  could  induce  her  in  every  inftance  to  do  to  others 
as  fhe  would  have  them  do  to  her.  She  was  a profefled 
difciple  of  the  French  philofophers  ; by  fome  of  whom 
fhe  was  ridiculed,  and  by  others  cheated.  The  incenfe 
which  file  paid  to  the  genius  of  Voltaire  did  not  hinder 
him  from  frequently  breaking  his  jefts  upon  the  auto- 
cratrix  of  Ruffia  and  her  fucceffive  favourites  ; and  Di- 
derot, whom  fhe  carelTed,  fold  to  her  an  Immenfe  li- 
brary, when  he  polfelTed  hardly  a book,  and  was  oblig- 
ed to  ranfack  Germany  and  France  for  volumes  to 
enable  him  to  fulfil  his  bargain.  Such  is  the  friendfhip, 
and  fuch  the  gratitude,  which  fubfift  among  the  ami- 
able pupils  of  nature,  and  the  philanthropic  advocates 
for  the  rights  of  man. 

CAUDA  Capricorni,  a fixed  ftar  of  the  fourth  mag- 
nitude, in  the  tail  of  Capricorn ; called  alfo,  by  the 
Arabs,  D'tneb  Algedi ; and  y by  Bayer. 

Cauda  Ceti,  a fixed  ftar  of  the  third  magnitude  ; 
called  alfo,  by  the  Arabs,  D'lneb  Kudos  ; marked  ^ by 
Bayer. 

Cauda  Cygni,  a fixed  ftar  of  the  fecond  magnitude, 
in  the  Swan’s-tail ; called  by  the  Arabs  Dineb  Adigege, 
or  Kldegiagich  ; and  marked  a by  Bayer, 

Cauda  Delphini,  a fixed  ftar  of  the  third  magnitude, 
in  the  tail  of  the  Dolphin  ; marked  « by  Bayer. 

Cauda  Draconis^  or  Dragon’s  tail,  the  moon’s  fouth- 
ern  or  defcending  node. 

Cauda  Leonis,  a fixed  ftar  of  the  firft  magnitude,  in 
the  Lion’s  tail  ; called  alfo,  by  the  Arabs,  Dineb  Ele- 
ced ; and  marked  P by  Bayer.  It  is  called  alfo  Lucida 
Cauda. 

Cauda  Urfa  Majoris,  a fixed  ftar  of  the  third  mag- 
nitude, in  the  tip  of  the  Great  Bear’s  tail ; called  alfo, 
by  the  Arabs,  Alalloth,  and  Benenath  ; and  marked  « by 
Bayer. 

Cauda  Urfa  Minoris,  a fixed  ftar  of  the  third  mag- 
nitude, at  the  end  of  the  Leflcr  Bear’s  tail ; called  alfo 
the  Pole  Star,  and,  by  the  Arabs,  Alrukahah ; and 
marked  a.  by  Bayer. 

CAVENDISH,  a townfhip  in  Windfor  co.  Ver- 
mont, W.  of  Weathersfield,  on  Black  river,  having  491 
inhabitants.  Upon  this  river,  and  within  this  town- 
ftiip,  the  channel  has  been  worn  down  100  feet,  and 
rocks  of  very  large  dimenfions  have  been  undermined 
and  thrown  down  one  upon  another.  Holes  are 
wrought  in  the  rocks  of  various  dimenfions,  and  forms ; 
fome  cylindrical,  from  i to  8 feet  in  diameter,  and  from 
1 to  15  feet  in  depth  ; others  are  of  a fpherical  form 
from  6 to  20  feet  diameter,  worn  almoft  perfedtly 
fmooth,  into  the  folid  body  of  a rock. — Morse. 

CAUSE  has  been  defined,  we  think,  with  accuracy 
in  the  Encyclopaedia,  and  the  dodtrine  ftated  which  we 
believe  to  be  true.  Objedtions  however  have  been  made 
to  that  dodtrine,  of  which  we  have  endeavoured  to  re- 
move fome,  under  the  title  Action,  in  this  Supple- 
ment ; and  the  dodtrine  itfelf  has  been  well  illuftrated 
(at  lead  fuch  is  our  opinion)  in  the  fupplementary  ar- 
ticle Astronomy.  We  have,  therefore,  very  little  to 
add  here  on  the  fubjedt  of  caufes,  though  it  is  the  moft 


important  fubjedt  which  can  employ  the  mind  of  man.  Caufe 
V/hat  is  the  relation  between  a phyfical  caufe  and  that  II 
which  is  termed  its  effect — betw’-een  heat,  for  inftance, 
and  the  fufion  of  metals  ? Is  it  a necejfary  connexion,  or 
only  a conjunSlon,  difcovered  by  experience  to  be  con- 
Jlant  ? 

If  by  necejfary  connedlion  be  meant  that  kind  of  con- 
nedtion  of  which  the  contrary  cannot  be  conceived,  we 
do  not  think  that  the  connexion  of  any  phyfical  caufe 
with  its  efi^edt  can  be  called  necefiary.  We  fee  no  dif- 
ficulty in  conceiving,  that  fire,  inftead  of  fufing  gold, 
might  fix  mercury.  This  may  indeed  be  impoffible  ; 
and  we  might  perhaps  fee  the  impoflibility,  did  we  as 
completely  know  the  nature  of  fire  and  of  metals  as 
we  know  the  relations  of  pure  geometry.  We  know 
that  the  three  angles  of  a plain  triangle  cannot  poffibly 
be  either  greater  or  lefs  than  two  right  angles  ; for  in 
this  comparifon  nothing  is  hid  from  our  mental  view. 

We  do  not,  however,  perceive  the  impoflibility  of  mer- 
cury being  fixed,  as  clay  is  hardened,  by  heat ; for  of 
heat,  and  mercury,  and  clay,  we  know  very  little,  and 
that  little  is  the  offspring  of  experience. 

But  if  the  connedtion  between  caufe  and  effedf  be 
not  necejfary,  are  we  not  deprived  of  the  means  of  de- 
monftrating  the  great  fundamental  truth  of  religion  ? 

We  have  nowhere  faid,  that  the  connedtion  between 
caufe  and  effedt  is  not  necefiary ; but  only,  that  we  do 
not  perceive  the  neceffary  connedlion  between  what  are 
called  phyfical  caufes  and  their  effedts.  That  every 
event  is,  and  muft  be,  brought  about  by  fome  caufe,  or 
fome  agency,  we  hold  to  be  a felf-evident  truth,  which 
no  man  can  deny  who  underftands  the  terms  in  which 
it  is  expreiTed  ; but  what  or  where  the  agency  is,  we 
can  very  feldom,  if  ever,  know,  except  when  we  think 
of  our  own  voluntary  adtions.  When  a change  is  ob- 
ferved,  we  cannot  doubt  of  its  being  produced  by  fome- 
thing ; either  the  thing  changed  is  animated  and  has  pro- 
duced the  change  by  its  own  agency,  juft  as  we  move 
our  heads  and  legs  by  an  adt  of  volition  ; or  if  it  be  in- 
animated,  and  of  itfelf  incapable  of  agency,  the  change 
has  been  produced  by  fomething  external,  denominated 
a caufe.  But  all  external  caufes,  which  are  not  likcwife 
agents,  in  the  proper  fenfe  of  the  word,  may  be  traced, 
w'e  think,  as  effedts  up  to  fome  agency  ; and  therefore, 
in  our  opinion,  there  is  no  real,  ultimate,  efficient, 
caufe  but  mind,  or  that  which  is  endued  with  power. 

In  proof  of  this  dodtrine,  if  it  need  any  proof,  we  can 
only  refer  to  w'hat  has  been  faid  elfewhere  on  our  no- 
tions of  power  •ATid.  oi  phyfical  caufes.  See  (Encycl.) 
Metaphysics  n°  109,  &c. — Philosophy  and  Phy- 
sics pajfim — and  (Suppl.)  Action  and  Astronomy. 

CAYAHAGA,  or  Cayuga,  fometimes  called  the 
Great  river,  empties  in  at  the  S.  bank  of  lake  Erie,  40 
miles  eaftw'ard  of  the  mouth  of  Huron  ; having  an  In- 
dian town  of  the  fame  name  on  its  banks.  It  is  navi- 
gable for  boats ; and  its  mouth  is  wide,  and  deep  enough 
to  receive  large  floops  from  the  lake.  Near  this  aie 
the  celebrated  rocks  which  projedt  over  the  lake.  They 
are  feveral  miles  in  length,  and  rife  40  or  50  feet  per- 
pendicular out  of  the  water.  Some  parts  of  them  con- 
fift  of  feveral  ftrata  of  different  colours,  lying  in  a ho- 
rizontal diredtion  ; and  fo  exadtly  parallel,  that  they 
refemble  the  work  of  art.  The  view  from  the  land  is 
grand,  but  the  water  prefents  the  moft  magnificent  prof- 
pedl  of  this  fublime  work  of  nature  j it  is  attended, 

however. 


C E N 


I 234  3 


C E N 


Cajxga  however,  with  great  danger;  for  if  the  leaft  ftorm  pofition,  and,  when  loaded  with  any  weight,  could  not  Center.: 


Center. 


arifes, 


the  force  of  the  furf  is  fnch  that  no  veflel  can 
efcape  being  dallied  to  pieces  againft  the  rocks.  Col. 
Broadfliead  fuffered  (hipwreck  here  in  the  late  vrar  and 
loft  a mmiber  of  his  men,  when  a ftrong  wind  arofe, 
fo  that  the  laft  canoe  narrowly  efcaped.  The  heathen 
Indians,  when  they  pafs  this  impending  danger,  offer 
a facrifice  of  tobacco  to  the  water. 

Parr  of  the  boundary  line  between  the  U.  S.  A.  and 
the  Indians,  begins  at  the  mouth  of  Cayahoga,  and  runs 
up  the  lame  to  the  portage  between  that  and  the  Tuf- 
carawa  branch  of  the  Mulkingum. 

The  Cayuga  nation,  conuiting  of  500  Indians,  40 
of  whom  refide  in  the  United  States,  the  reft  in  Cana- 
da, receive  of  the  ftate  of  New-York  an  annuity  of  2300 
dollars,  befides  50  dollars  granted  to  one  of  their  chiets, 
as  a confideratioH  for  lands  fold  by  them  to  the  ftate, 


change  its  fhape.  Ihe  frame  was  then  raifed  in  a 
lump,  like  any  folid  body  of  the  fame  lliape,  and  fet  in 
its  place.  This  is  the  way  ftill  pradtifed  by  many  coun- 
try artifts,  who,  having  no  clear  principles  to  guide 
them,  do  not  ftop  till  they  have  made  a load  of  timber 
almoft  equal  to  the  weight  which  it  is  to  carry. 

But  this  artlefs  method,  befides  leading  the  employer 
into  great  expence,  is  frequently  fatal  to  the  underta- 
ker, from  the  unllcilfulnefs  of  the  conftrudtion.  The 
beams  which  connedt  its  extremities,  are  made  alfo  to 
fupport  the  middle  by  means  of  pofts  which  reft  on 
them.  They  are  therefore  expofed  to  a tranfverfe  or 
crol's  ftrain,  which  they  are  not  able  to  bear.  Their 
number  muft  therefore  be  increafed,  and  this  increafes 
the  load.  Some  of  thefe  crofs  ftrains  are  derived  from 
beams  w hich  are  preifed  very  obliquely,  and  therefore 


I 


and  500  dollars  from  the  United  States,  agreeably  to  exert  a prodigious  thruft  on  their  lupports.  The  beams 
the  treaty  of  1794. — Morse.  ure  alfo  greatly  weakened  by  the  mortifes  which  are 

CAYUGA,  a beautiful  lake  in  Onondaga  co.  New-'  cut  in  them  to  receive  the  tenons  of  the  crofting  beams  ; 
York,  from  35  to  40  miles  long,  about  2 miles  wide,  and  thus  the  whole  is  exceedingly  weak,  in  proportion 
in  fome  places  3,  and  abounds  with  falmon,  bafs,  cat-  to  what  the  fame  quantity  of  timber  may  be  made  by 
iifti,  eels,  &c.  It  lies  betw'een  Seneca  and  Owafco  lake,  a proper  difpoiition  of  Its  parts. 


and  at  the  N.  end  emplie.s  into  Scayace  River  which 
is  the  S.  eaftern  part  of  Seneca  River  whofe  waters 


run  to  lake  Ontario.  On  each  fide  of  the  lake  is  a fer- 
ry houfe,  where  good  attendance  is  given.  The  refer- 


The  principles  from  which  w^e  are  to  derive  this  dif-  General 
pofition  are  the  general  mechanical  principles  of  car-  principles 
pentry,  of  which  we  have  given  fome  account  in  that  conftrucl 


we 


article.  Thefe  furnifti  one  general  rule ; When 
ration  lands  of  the  Cayuga  Indians  lie  on  both  fides  would  give  the  utmoft  ftrength  pofllble  to  a frame  of 
of  the  lake,  at  its  northern  end. — ih.  carpentry,  every  piece  ftiould  be  fo  difpofed  that  it  is 

CEDAR  Point,  a port  of  entry  in  Charles  co.  Mary-  fubjecl  to  no  ftrain  but  what  either  pufhes  or  draws  it 
land,  on  the  E.  fide  of  Potowmac  River,  about  12  in  the  diredtion  of  Its  length : and,  if  vve  would  be  in- 
miles below  Port  Tobacco,  and  96  S.  by  W.  of  Balti-  debted  to  timber  alone  for  the  force  or  ftrength  of  the 
Its  exports  are  chiefly  tobacco  and  Indian  corn,  centre,  we  muft  reft  all  on  the  firft  of  thefe  ftrains ; for 


tion. 


Definition. 


Purpofe  of 
this  article. 


more. 

and  in  1794,  amounted  in  value  to  18,593  dollars. — ib. 

CENTER,  or  Centre,  a word  borrow'ed  from  the 
French  name  ceintre  or  cintre,  given  to  the  frame  of 
timber  by  which  the  brick  or  ftone  of  arched  vaulting 
is  fuppoTted  during  its  eredllon  and  from  which  it  re- 
ceives its  form  and  curvature. 

It  is  not  our  intention  to  defcrlbe  the  variety  of  con- 
ftrudtions  which  may  be  adopted  in  eafy  fituations, 
where  the  arches  are  of  fmall  extent,  and  where  fuffi- 
cient  foundation  can  be  had  in  every  part  of  it  for  fup- 
porting  the  frame.  In  fuch  cafes,  the  frequency  of  the 
props  v.'hlch  we  can  fet  up  dlfpenfes  with  much  care  ; 
and  a frame  of  very  flight  timbers,  connected  together 
in  an  ordinary  way,  will  fuffice  for  carrying  the  weight, 
and  for  keeping  it  in  exadt  ihape.  But,  when  the  ar- 
ches have  a wide  fpan,  and  confequently  a very  great 


when  the  ftraining  force  tends  to  draw  a beam  out  of 
its  place,  it  muft  be  held  there  by  a mortife  and  tenon, 
which  polTefles  but  a very  trifling  force,  or  by  iron 
ftraps  and  bolts.  Cafes  occur  wRere  it  may  be  very 
difficult  to  make  every  ftrain  a thruft,  and  the  beft  art- 
ifts admit  of  ties ; and  indeed  where  we  can  admit  a tie- 
beam  connedling  the  two  feet  of  our  frame,  we  need 
feek  no  better  fecurity.  But  this  may  fometimes  be 
very  inconvenient.  When  it  is  the  arch  of  a bridge 
that  vre  are  to  fupport,  fuch  a tie-beam  would  totally 
ftop  the  paifage  of  fmall  craft  up  and  down  the  river. 
It  would  often  be  in  the  water,  and  thus  expofed  to 
the  moft  fatal  accidents  by  frefhes,  <Scc.  Interrupted 
ties,  therefore,  muft  be  employed,  whofe  joint  or  meet- 
ings muft  be  fupported  by  fomething  analogous  to  the 
king-pofts  of  roofs.  When  this  is  judicioufty  done,  the 


weight,  and  when  we  cannot  fet  up  intermediate  pillais,  fecurity  is  abundantly  good.  But  great  judgment  is 


either  for  w^ant  of  a foundation  in  the  folt  bottom  of  a 
river,  or  becaufe  the  arch  is  turned  between  two  lofty 
piers,  as  in  the  dome  of  a (lately  cathedral — we  are 
then  obliged  to  reft  every  thing  on  the  piers  themfelves; 
and  the  framing  which  is  to  fupport  our  arch  before 


neceflary,  and  a very  fcrupuious  attention  to  the  difpofi- 
tion  of  the  pieces.  It  is  by  no  means  an  eafy  matter 
to  difcern  whether  abeam,  which  makes  a part  of  our 
centre  is  in  a ftate  of  compreffion  or  in  a ftate  of  exten- 
fion.  In  fome  wmrks  of  the  moft  eminent  carpenters 


the  key  ftone  Is  fet,  muft  itfelf  be  an  arch,  depending  on  even  of  this  day,  we  fee  pieces  confidered  as  ftruts  (and 


the  mutual  abutment  of  its  beams.  One  ftiould  think 
that  this  view  of  the  conftruftion  of  a centre  would  offer 
itfelf  at  the  firft,  naturally  derived  from  the  ereAion  it 
was  to  aftift  : but  it  has  not  been  fo.  When  interme- 
diate pillars  were  not  employed,  it  was  ufual  to  frame 
the  mould  for  the  arch  with  little  attention  to  any  thing 
but  its  fhape,  and  then  to  crofs  it  and  recrofs  it  in  all 
directions  with  other  pieces  of  timber,  till  it  was 


confiderable  dependence  had  on  them  in  this  capaci- 
ty), while  they  are  certainly  performing  the  office  of 
tie-beams,  and  ffiould  be  fecured  accordingly.  This 
was  the  cafe  in  the  boldeft  centre  (we  think)  that  has 
been  executed  in  Europe,  that  of  the  bridge  of  Orleans, 
by  Mr  Hupeau.  Yet  it  is  evidently  of  great  confe- 
quence  not  to  be  miftaken  in  this  point;  for  when  we 
are  miftaken,  and  the  piece  is  ftretched  which  we  ima- 


thought  fo  bound  together  that  it  could  be  lifted  in  any  gine  to  be  comprelTed,  we  not  only  are  deprived  of  ibme 
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Aide  dov/n  thetr  flope,  till  they  touch  the  blocks  on 
which  they  are  to  reft ; fo  that,  in  laying  the  arch- 
ftones,  we  are  by  no  means  allowed  to  make  the  great 
deduction  from  their  W'cight  juft  now  mentioned,  and 
which  Mr  Couplet  prefcribes  (Mem.  Acad.  Sciences, 
1729).  But  there  is  another  caufe  which  diminiflies 
the  preffure  on  the  centres  ; each  block  Aides  down  the 
planks  on  which  it  is  laid,  and  preffes  on  the  block  be- 
low it,  in  the  diredlion  of  the  tangent  to  the  arch.  This 
preffure  is  tranfmitted  through  this  block,  in  the  fame 
direftion,  to  the  next,  and  through  it  to  the  third,  &c. 
In  this  manner  it  is  plain  that,  as  the  arch  advances, 
there  is  a tangential  preffure  on  the  lower  archftones, 
which  diminifties  their  preffure  on  the  frame,  and,  if 
fufficiently  great,  might  even  puAi  them  away  from  it. 
Mr  Couplet  has  given  an  analyfis  of  this  preffure,  and 
ihews,  that  in  a femicircular  arch  of  uniform  thicknefs 
none  of  the  arch  Hones  below  30®  prefs  on  the  frames. 
But  he  (without  faying  fo)  calculates  on  the  fuppofi- 
tion  that  the  blocks  defcend  along  the  circumlerence  of 
this  frame  in  the  fame  manner  as  if  it  were  perfedlly 
fmooth.  As  this  is  far  from  being  the  cafe,  and  as  the 
obftrudHons  are  to  the  laft  degree  various  and  irregular, 
it  is  quite  ufelcfs  to  inftitute  any  calculation  on  the  fub- 
jedl.  A little  reflection  will  convince  the  reader,  that 
in  this  cafe  the  obftruCtion  arifing  from  friction  muji  be 
taken  into  account,  and  that  it  muJl  not  be  taken  into 
account  in  eftimating  the  prdfure  of  each  fuceeffive 
courfe  of  ftones  as  they  are  laid.  It  is  enough  that  W'e 
fee  that  the  preffure  of  the  lower  courfes  of  archftones 
on  the  frame  is  diminiftied.  Mr  Couplet  fays,  that  the 
whole  preffure  of  a femicircular  arch  is  but  |^ths  of  its 
weight ; but  it  is  much  greater,  for  the  reafon  juft  now 
given.  We  have  tried,  with  a well-made  wooden  mo- 
p del  (of  which  the  circumference  was  rubbed  with  black 
By  a centre  lead  to  render  it  more  flippery),  whether  any  part  of  the 
of  M.  Pi-  wooden  blocks  reprefenting  the  archftones  were  detach- 
ed from  the  frame  by  the  tangential  preffure  of  the  fu- 
perior  blocks ; but  we  could  not  fay  confidently  that 
any  w^ere  fo  detached.  We  perceived  that  all  kept  hold 
of  a thin  flip  of  Chinefe  paper  (alfo  rubbed  w'ith  black 
lead)  between  them  and  the  frame,  fo  that  a fenfible 
force  was  required  to  pull  it  out.  From  a combin.ition 
of  circumftances,  which  would  be  tedious  to  relate,  we 
believe  that  the  centres  carry  more  than  two  thirds  of 
the  weight  of  the  arch  before  the  keyftone  is  fet.  In 
elliptical  and  lower  pitched  circular  arches,  the  propor- 
tion is  ftill  greater. 

It  feems  reafonable  enough,  therefore,  to  difpofe  the 
framing  in  the  manner  propofed  by  Pitot,  diredling  the 
mam  fupport  to  the  upper  mafs  of  the  arch,  which 
preffes  moft  on  the  frame.  We  lhall  derive  another  ad- 
vantage from  this  conftrudion,  which  has  not  occurred 
to  Mr  Pitot. 

There  is  an  evident  propriety  in  the  manner  in  w'hich 
he  has  diftrlbuted  the  fupports  of  the  upper  part.  The 
flruts  which  carry  the  king  poft  fpring  from  thofe  points 
of  the  ftretcher  where  it  refts  on  the  ftruts  below  : thus 
the  ftretcher,  on  which  all  depends,  bears  no  tranfverfe 
ftrains.  It  is  ftretched  by  the  ftrut  above  it,  and  it  is 
compreffed  in  a fmall  degree  between  the  ftruts  below 
it,  at  leaft  by  the  outer  ones.  Mr  Pitot  propofes  the 
draining  beam  GH  as  a lateral  fupport  to  the  ftretcher, 
which  may  therefore  be  of  two  pieces : but  although  it 
does  augment  its  ftrength,  it  does  not  feem  neceffary  for  it. 
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The  ftretcher  is  abundantly  carried  by  the  ftrap,  which  Center 
may  and  ftiould  fufpend  it  from  the  king  poft.  The 
great  ufe  of  the  ftraining  piece  is  to  give  a firm  abut- 
ment to  the  inner  ftruts,  without  allowing  any  lateral 
ft.rain  on  the  ftretcher.  N.  B.  Great  care  muft  be  ta- 
ken to  make  the  hold  fufficiently  firm  and  extenfive  be- 
tw'een  the  ftretcher  and  the  upper  ftruts,  fo  that  its  co- 
hefion  to  refift  the  thrufts  from  thefe  ftruts  may  be  much 
employed. 

Iffie  only  imperfedlion  that  we  find  in  this  frame  is 
the  lateral  ftrains  which  are  brought  upon  the  upper 
ftruts  by  the  bridles,  which  certainly  tranfmit  to  them 
part  of  the  weight  of  the  archftones  on  the  curves. 

The  fpace  between  the  curves  and  ML  fhould  alfo  have 
been  truffed.  Mr  Pitot’s  form  is,  however,  extremely 
ftiff ; and  the  caufing  the  middle  bridle  to  reach  down 
to  the  ftretcher,  feems  to  fecure  the  upper  ftruts  from 
all  rifk.  of  bending. 

This  centre  gives  a very  diftinA  view  of  the  offices 
of  all  the  parts,  and  makes  therefore  a proper  introduc- 
tion to  the  general  fubjedl.  It  is  the  fimpleft  that  can 
be  in  its  principle,  becaufe  all  the  effential  parts  are  fub- 
jeded  to  one  kind  of  drain.  The  ftretcher  LL  is  the 
only  exception,  and  its  extenfion  is  rather  a collateral 
circumftance  than  a ftep  in  the  general  fupport. 

The  examination  of  the  ftrength  of  the  frame  is  ex- 
tremely eafy.  Mr  Pitot  gives  it  for  an  arch  of  60  feet 
fpan,  and  fuppofes  the  archftones  7 feet  long,  which  is 
a monftrous  thicknefs  for  fo  fmall  an  arch  ; 4 feet  is  an 
abundant  allowance,  but  we  fliall  abide  by  his  conftruc- 
tion.  He  gives  the  following  fcantlings  of  the  parts : 

The  ring  or  circumference  confifts  of  pieces  of  oak 
12  inches  broad  and  6 thick. 

The  ftretcher  LL  is  12  inches  fquare. 

The  ftraining  piece  GH  is  alfo  12  by  12. 

The  lower  ftruts  10  by  8. 

The  king  poft  12  by  12. 

The  upper  ftruts  10  by  6. 

The  bridles  20  by  8. 

Thefe  dimenfions  are  French,  which  is  about  TT^h 
larger  than  ours,  and  the  fuperficial  dimenfions  (by 
which  the  fecftion  and  the  abfolute  ftrength  is  meafured) 
is  almoft  .|-th  larger  than  ours.  The  cubic  foot,  by 
which  the  ftones  are  meafured,  exceeds  ours  nearly  -fth. 

The  pound  is  deficient  about  ^V^h.  But  fince  very 
nice  calculation  is  neither  eafy  nor  neceffary  on  this  fub- 
jeft,  it  is  needlefs  to  depart  from  the  French  meafures, 
which  would  occafion  many  fradtional  parts  and  a trou- 
blefome  reduftion. 

The  arch  is  fuppofed  to  be  built  of  done  which 
weighed  160  pounds  per  foot.  Mr  Pitot,  by  a com- 
putation  (in  which  he  has  committed  a miftake), 
fays,  that  only  4-jths  of  this  weight  is  carried  by  the 
frame.  We  believe,  however,  that  this  is  nearer  the 
truth  than  Mr  Couplet’s  affumption  of  |ths  already 
mentioned. 

Mr  Pitot  farther  affumes,  that  a fquare  inch  of  found 
oak  will  carry  8640  pounds.  By  his  language  we 
fhould  imagine  that  it  will  not  carry  much  more  : but 
this  is  very  far  below  the  ftrength  of  any  Britiffi  oak 
that  we  have  tried  ; fo  far,  indeed,  that  we  rather  ima- 
gine that  he  means  that  this  load  may  be  laid  on  it  with 
perfedt  fecurity  for  any  time.  But  to  compenfate  for 
knots  and  other  accidental  imperfedlions,  he  affumes 
7200  as  the  meafure  ofl  its  abfolute  force. 

He 
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Center,  He  computes  the  load  on  each  frame  to 

pounds,  which  he  reduces  to  4|^ths,  or  5559°^  pounds. 

The  abfolute  force  of  each  of  the  lower  ftruts  is 
576000  (at  7200  per  inch),  and  that  of  the  curves 
518400.  Mr  Pitot,  confidering  that  the  curves  are 
kept  from  bending  outwards  by  the  arch  ftones  which 
prefs  on  them,  thinks  that  they  may  be  conhdered  as 
afling  precifely  as  the  outer  ttruts  El.  We  have  no 
jj  objedtion  to  this  fuppohtion. 

'omputed.  With  thefe  data  we  may  compute  the  load  which  the 
lower  trufs  can  fafely  bear  by  the  rule  delivered  in  the 
article  Carpentry,  We  therefore  proceed  as  fol- 
lows : 

Meafure  off  by  a fcale  of  equal  parts  as,  at,  each 
576000,  and  add  t v 518400.  Complete  the  paralle- 
logram avxs,  and  draw  the  vertical  x c,  meeting  the 
horizontal  line  « C int.  Make  ri  equal  to  ca.  Join 
X b,  and  complete  the  parallelogram  ax  by.  It  is  evident 
that  the  diagonal  xy  will  reprefent  the  load  which  thefe 
pieces  can  carry  ; for  the  line  « is  the  united  force  of 
the  curve  AP  and  the  ftrut  IE,  and  a j is  the  ftrength 
of  IG.  Thefe  two  are  equivalent  K.o  a x.  xb  is,  in 
like  manner,  equivalent  to  the  fupport  on  the  other 
fide,  and  xy  is  the  load  which  will  juft,  balance  the  two 
fupports  ax  and  b x. 

I^en  xy  is  meafured  on  the  fame  fcale,  it  will  be 
found  = 2850C00  pounds.  This  is  more  than  five 
times  the  load  which  adfually  lies  on  the  frame.  It  is 
therefore  vaftly  ftronger  than  is  neceffary.  Half  of  each 
of  the  linear  dimenfions  would  have  been  quite  fuffici- 
ent,  and  the  ftruts  needed  only  to  be  5 inches  by  4. 
Even  this  would  have  carried  twice  the  weight,  and 
would  have  borne  the  load  really  laid  on  it  with  perfect 
fafety. 

We  proceed  to  meafure  the  ftrength  of  the  upper 
part.  The  force  of  each  ftrut  is  432000,  and  that  of 
the  curve  is  518400  ; therefore,  having  drawn  M v pa- 
rallel to  the  ftrut  ON,  make  M‘y  :=  432000,  and  Mj 
= 432000  -j-  518400.  Complete  the  parallelogram 
M j-  r V.  Draw  the  horizontal  line  r k,  cutting  the  ver- 
tical MC  in  i,  and  makei y = Mi.  It  is  plain,  from 
what  was  done  for  the  lower  part,  that  My  will  meafure 
the  load  which  can  be  carried  by  the  upper  part.  This 
will  be  found  = 1 160000.  This  is  alfo  greatly  fupe-. 
rior  to  the  load  ; but  not  in  fo  great  a proportion  as 
the  other  part.  The  chief  part  of  the  load  lies  on  the 
upper  part ; but  the  chief  reafon  of  the  difference  is  the 
greater  obliquity  of  the  upper  ftruts.  This  fliortens 
the  diagonal  My  of  the  parallelogram  of  forces.  Mr 
Pitot  fhould  have  adverted  to  this  ; and  inftead  of  ma- 
king the  upper  ftruts  more  flender  than  the  lower,  he 
fhould  have  made  them  ftouter. 

The  ftrain  on  the  ftretcher  LL  is  not  calculated.  It 
is  meafured  by  r'  k',  when  M y is  the  load  actually  lying 
on  the  upper  part.  Lefs  than  the  fixth  part  of  the  co- 
hefion  of  the  ftretcher  is  more  than  fufficient  for  the  ho- 
rizontal thruft  ; and  there  is  no  difticulty  of  making  the 
foot  joints  of  the  ftruts  abundantly  ftrong  for  the  pur- 
pofe. 

The  reader  will  perceive  that  the  computation  juft 
now  given  does  not  ftate  the  proportions  of  the  ftrains 
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be  707520  actually  exerted  on  the  different  pieces,  but  the  load  on 
the  whole,  on  the  fuppofition  that  each  piece  is  fub- 
jc(fted  to  a ftrain  proportioned  to  its  ftrength.  The  other 
calculation  is  much  more  complicated,  but  is  not  necef- 
fary here. 

This  centre  has  a very  palpable  defe<ft.  If  the  piers 
fhould  yield  to  the  load,  and  the  feet  of  the  centre  fly 
out,  the  lower  part  will  exert  a very  confiderable  ftrain 
on  the  ftretcher,  tending  to  break  it  acrofs  between  N 
and  L,  and  on  the  other  fide.  HKF  of  the  lower  part 
is  firmly  bound  together,  and  cannot  change  its  fhape, 
and  will  therefore  adf  like  a lever,  turning  round  the 
point  F.  It  will  draw  the  ftrut  HK  away  from  its  a- 
butment  with  GH,  and  the  ftretcher  will  be  drained 
acrofs  at  the  place  between  H and  F,  where  it  is  bolt- 
ed with  the  bridle.  This  may  be  refifted  in  fome  de- 
gree by  an  iron  ftrap  uniting  ON  and  HK  ; but  there 
will  ftill  be  a want  of  proportional  ftrength.  Indeed, 
in  an  arch  of  fuch  height  (a  femicircle),  there  is  but 
little  rifk  of  this  yielding  of  the  piers  ; but  it  is  an  ira- 
perfeftion. 

The  centre  (fig.  2.)  is  conftruifted  on  the  fame  prin-  a centre 
ciple  precifely  for  an  elliptical  arch  (a).  The  calcula-  on  the  fame 
tion  of  its  ftrength  is  nearly  the  fame  alfo ; only  the  principles 
two  upper  ftruts  of  a fide  being  parallel,  the  parallelo-  arch^" 
gram  M/r-u  (of  fig.  i.)  is  not  needed,  andinitsftead 
we  meafure  off  on  ON  a line  to  reprefent  twice  its 
ftrength.  This  comes  in  place  of  M r'  of  fig.  i. — N.  B. 

The  calculation  proceeds  on  the  fuppofition  that  the 
fhort  draining  piece  MM  makes  but  one  firm  body  with 
the  king  poft.  Mr  Pitot  employed  this  piece  (we  pre- 
fume) to  feparatc  the  heads  of  the  ftruts,  that  their  ob- 
liquity might  be  leffened  thereby : and  this  is  a good 
thought ; for  when  the  angle  formed  by  the  ftruts  on 
each  fide  is  very  open,  the  ftrain  on  them  becomes  very 
great. 

The  ftretcher  of  this  frame  is  fcarfed  in  the  middle. 

Suppofe  this  joint  to  yield  a little,  there  is  a danger 
of  the  lower  ftrut  ON  lofing  its  hold,  and  ceafing  to 
join  in  the  fupport  ; for  when  the  crown  finks  by  the 
lengthening  of  the  ftretcher,  the  triangle  ORN  of  fig.  2. 
will  be  more  diftorted  than  the  fpace  above  it,  and  ON 
will  be  loofened.  But  this  will  not  be  the  cafe  when 
the  finking  of  the  crown  arifes  from  the  mere  com- 
preffion  of  the  ftruts.  Nor  will  it  happen  at  all  in 
the  centre,  fig.  i.  On  the  contrary,  the  ftrut  ON 
will  abut  more  firmly  by  the  yielding  of  the  foot  of 
ML. 

The  figure  of  this  arch  of  Mr  Pitot’s  confifts  of 
three  arches  of  circles,  each  of  60  degrees.^  As  it  is 
elegant,  it  will  not  be  unacceptable  to  the  artift  to 
have  a conftrudlion  for  this  purpofe.  j. 

Make  BY  = CD,  and  CZ  = \ CY.  Defcribe  the  How  to 
femicircle  ZiEY,  and  make  ZS  = S is  the  centre  Tonftruft 

of  the  fide  arches,  each  of  60  degrees.  The  centre  T of  an 
the  arch,  which  unites  thefe  two,  is  at  the  angle  of  an 
equilateral  triangle  STS. 

This  conftrudion  of  Mr  Pitot’s  makes  a handfome 
oval,  and  very  near  an  ellipfis,  but  lies  a little  without 
it.  We  fhall  add  another  of  our  own,  which  coincides 
with  the  ellipfe  in  eight  points,  and  furnifties  the  artift, 

I i by 


(a)  It  is  the  middle  arch  of  the  bridge  at  Lille  Adam,  of  which  Mr  Pitot  had  the  direction.  It  is  of  80 
feet  fpan,  and  rifes  31  feet. 
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Center,  by  the  way,  a rule  for  drawing  an  infinite  variety  of 
ovals. 

Let  AB,  DE  (fig.  2.  N°  2.)  be  the  axes  of  an  el- 
lipfe,  C the  centre,  and  F,  f the  two  foci.  Make  C b 
~ CD,  and  defcribe  a circle  A.T>be  palling  through 
the  three  given  points  A,  D,  and  b.  It  may  be  de- 
monftrated,  that  If  from  any  point  P of  the  arch  AD 
be  drawn  a chord  PD,  and  if  a line  P R r be  drawn, 
making  the  angle  DPR=PDC,  and  meeting  the  two 
axes  in  the  points  R and  r,  then  R and  r will  be  the 
centres  of  circles,  which  will  form  a quarter  APD  of 
an  oval,  which  has  AB  and  DE  for  its  two  axes. 

We  want  an  oval  which  fliall  coincide  as  much  as  pof- 
fible  with  an  elhpfis  ? The  moft  likely  method  for  this 
is  to  find  the  very  point  P where  the  ellipfis  cuts  the 
circle  AD  b e.  The  eafieft  way  for  the  artift  Is  to  de- 
fcribe an  arch  of  a circle  a m,  having  AB  for  its  radius, 
and  the  remote  focus  /'for  its  centre.  Then  fet  one 
foot  of  the  compalTes  on  any  point  P,  and  try  whether 
the  diflance  PF  from  the  neareft  focus  F is  exactly 
equal  to  Its  diftance  P m from  that  circle.  Shifting  the 
foot  of  the  compalTes  from  one  point  of  the  arch  to  ano- 
ther, will  foon  difcover  the  point.  This  being  found, 
draw  PD,  make  the  angle  DP  r — PD  r,  and  R and  r 
are  the  centres  wanted.  Then  makeC/  — CR,  and 
we  get  the  centres  for  the  other  fide. 

The  geometer  will  not  relilh  this  mechanical  con- 
ftrudflon.  He  may  therefore  proceed  as  follows  : Draw 
D d parallel  to  AB,  cutting  the  circle  in  d.  Draw  e d^ 
cutting  AC  In  N.  Draw  CG  parallel  to  A and  make 
the  angle  CGi  = AD<?.  Bifedt  CN  In  O,  and  join 
O /.  Make  CM,  OM'=  O :,  and  draw  MP,  M'P'  per- 
pendicular to  AB.  Thefe  ordinates  will  cut  the  circle 
AD  hem  the  points  P and  P',  where  it  is  cut  by  the 
ellipfe.  We  leave  the  demonftration  as  a geometrical 
exercife  for  the  dilettante. 

Centre  for  We  faid,  that  this  centering  of  Mr  Pitot’s  refembled 

the  nave  of  in  principle  the  one  employed  by  Michael  Angelo  for 

St  Peter’s.  nave  and  tranfepts  of  St  Peter’s  church  at  Rome. 

Fontana,  who  has  preferved  this,  aferibes  the  conftruc- 
tion  of  it  to  one  of  the  name  of  San  Gallo.  A fketch 
of  it  is  given  in  fig.  3.  It  is,  however,  fo  much  fupe- 
rior,  and  fo  different  in  principle,  from  that  employed 
for  the  cupola,  that  we  cannot  think  it  the  invention  of 
the  fame  perfon.  It  is,  like  Pitot’s,  not  only  divifible,  but 
really  divided  into  tw'O  parts,  of  which  the  upper  carries 
by  much  the  greateft  part  of  the  load.  The  pieces  are 
judicioufly  difpofed,  and  every  important  beam  is  amply 
fecured  againft  all  tranfverfe  ftrains.  Its  only  fault  is  a 
great  profufion  of  ftrength.  The  innermoft  polygon 
a g hb  is  quite  fuperfluous,  becaufe  no  ftrain  can  force 
in  the  flruts  which  reft  on  the  angles.  Should  the 
piers  yield  outwards,  this  polygon  will  ba  loo.fe,  and 
can  do  no  fervice.  Nor  is  the  triangle  gih  of  any  ufe, 
if  the  king  poft  above  it  be  ftrapped  to  the  tie-beam 
and  ftraining  fill.  Perhaps  the  inventor  confidered  the 
king  poft  as  a pillar,  and  wiftied  to  fecure  the  tie-beam 
againft  its  crofs  ftrain.  This  centering,  however,  muft 
be  allowed  to  be  very  well  compofed ; and  we  expedl 
that  the  well  informed  reader  will  join  us  in  preferring 
it  to  Mr  Pitot’s,  both  for  fimplicity  of  principle,  for 
fcientific  propriety,  and  for  ftrength. 

There  is  one  confiderable  advantage  which  may  be 
derived  from  the  adlual  divifion  of  the  trufs  Into  two 
parts.  If  the  tie-beam  LL,  inftead  of  refting  on  the 


ftretcher  EF,  had  refted  on  a row  of  chocks  formed  like  Center, 
double  wedges,  placed  above  each  other,  head  to  point, 
the  upper  part  of  the  centering  might  be  ftruck  inde- 
pendent of  the  lower,  and  this  might  be  done  gradually, 
beginning  at  the  outer  ends  of  the  ftretcher.  By  this 
procedure,  the  joints  of  the  archftones  will  clofe  on  the 
haunches,  and  will  almoft;  relieve  the  lower  centering, 
fo  that  all  can  be  pulled  out  together.  Thus  may  the 
arch  fettle  and  confolidate  in  perfeft  fafety,  without 
any  chance  of  breaking  the  bond  of  the  mortar  in  any 
part ; an  accident  which  frequently  happens  in  great 
arches.  This  procedure  is  peculiarly  advifable  for  low 
pitched  or  elliptical  arches.  But  this  will  be  more  clear- 
ly feen  afterwards,  when  we  treat  of  the  internal  move- 
ments of  an  arch  of  mafonry. 

This  may  fuffice  for  an  account  of  the  more  fimple 
conftruftion  of  truffed  centres  ; and  we  proceed  to  fuch 
as  have  a much  greater  complication  of  principle.  We 
fliall  take  for  examples  fome  conftruifted  by  Mr  Perronet, 
a very  celebrated  French  architeift. 

Mr  Perronet’s  general  maxim  of  conftru6Hon  is  to  Perroi^t’s 
make  the  trufs  confift  of  feveral  courfes  of  feparate  truf-  maxim  of 
fes,  independent  (as  he  thinks)  of  each  other,  and  thus  conftruc- 
to  employ  the  joint  fupport  of  them  all.  In  this  con- 
ftrudlion  it  is  not  intended  to  make  ufe  of  one  trufs,  or 
part  of  one  trufs,  to  fupport  another,  as  in  the  former 
let,  and  as  is  pradtifed  in  the  roofs  of  St  Paul’s  church. 

Covent  Garden,  and  in  Drury  Lane  theatre.  Each 
trufs  fpans  over  the  whole  diftance  of  the  piers,  and 
would  ftand  alone  (having,  however,  a tottering  equili- 
brium). It  confifts  of  a number  of  ftruts,  fet  end  to 
end,  and  forming  a polygon.  Thefe  truffes  are  fo  ar- 
ranged, that  the  angles  of  one  are  in  the  middle  of  the 
fides  of  the  next,  as  when  a polygon  is  inferibed  in  a 
circle,  and  another  (of  the  fame  number  of  fides)  is  cir- 
cumferibed  by  lines  which  touch  the  circle  in  the  angles 
of  the  inferibed  polygon.  By  this  conftrudtion  the 
angles  of  the  alternate  truffes  lie  in  lines  pointing  to- 
wards the  centre  of  the  curve.  King  pofts  are  there- 
fore placed  in  this  direction  between  the  adjoining  beams 
of  the  truffes.  Thefe  king  pofts  confift  of  two  beams, 
one  on  each  fide  of  the  trufs,  and  embrace  the  trufs- 
beams  between  them,  meeting  in  the  middle  of  their 
thicknefs.  The  abutting  beams  are  mortifed,  half  into 
each  half  of  the  poft.  The  other  beam  which  makes 
the  bafe  of  the  triangle,  paffes  through  the  poft,  and  a 
ftrong  bolt  is  driven  through  the  joint,  and  fecured  by 
a key  or  a nut.  In  this  manner  is  the  whole  united  ; 
and  it  is  expeded,  that  when  the  load  is  laid  on  the  up- 
permoft  trufs,  It  will  all  butt  together,  forcing  dowm  the 
king  pofts,  and  therefore  prefling  them  on  the  beams  of 
all  the  inferior  truffes,  caufing  them  alfo  to  abutt  on  each 
other,  and  thus  bear  a lhare  of  the  load.  Mr  Perronet 
does  not  affume  the  invention  to  himfelf ; but  fays,  that 
it  was  invented  and  pradifed  by  Mr  Manfard  de  Sagonne 
at  the  great  bridge  of  Moulins.  It  is  much  more  an- 
cient, and  is  the  work  of  the  celebrated  phyfician  and 
archited  Perrault ; as  may  be  feen  in  the  colie<5l:ion  of 
machines  and  inventions  of  that  gentleman  publifhed  af- 
ter his  death,  and  alfo  in  the  great  colledtion  of  inven- 
tions approved  of  by  the  Academy  of  Sciences.  It  is 
this  which  we  propofe  to  examine.  „ 

Fig.  4.  reprefents  the  centering  employed  for  the  employed 
bridge  of  Cravant.  The  arches  are  elliptical,  of  60  feet  for  the 
fpan  and  20  feet  rife.  The  archftones  are  four  feet  bridge  of 
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thick,  and  weigh  176  pounds  per  foot.  The  trufs- 
beams  were  from  15  to  18  feet  long,  and  their  feclion 
was  9 inches  by  8.  Each  half  of  the  king  ports  was 
about  7 feet  long,  and  its  feftion  9 inches  by  8.  The 
whole  was  of  oak.  The  five  trufles  were  54  feet  afu^- 
der.  The  whole  weight  of  the  arch  was  1350000  lbs. 
which  we  may  call  600  tons  (it  is  55^)*  This  is  about 
1 12  tons  for  each  trufs.  We  murt  allow  near  90  tons 
of  this  really  to  prefs  the  trufs.  A great  part  of  this 
preflure  is  borne  by  the  four  beams  which  make  the  feet 
of  the  trufs,  coupled  in  pairs  on  each  fide.  The  diago- 
nal of  the  parallelogram  of  forces  drawn  for  thefe  beams 
is,  to  one  of  the  fides,  in  the  proportion  of  360  to  285. 
Therefore  fay,  as  360  to  285  ; fo  is  90  to  7 tons,  the 
thrurt  on  each  foot.  The  fedion  of  each  is  144  inches. 
We  may  with  the  utmoft  fafety  lay  three  tons  on  every 
inch  for  ever.  This  amounts  to  432  tons,  which  is  more 
than  fix  times  the  rtrain  really  prelfing  the  foot  beams 
in  the  direirtion  of  their  length  ; nay,  the  upper  trufs 
alone  is  able  to  carry  much  more  than  its  load.  The 
abfolute  rtrength  of  its  foot-beam  is  216  tons.  It  is 
much  more  advantageoufly  placed  ; for  the  diagonal  of 
the  parallelogram  of  forcescorrefpondingtoits  pofition  is 
to  the  fide  as  438  to  285.  This  gives  58/0-  tons  for  the 
rtrain  on  each  foot ; which  is  not  much  above  the  fourth 
part  of  what  it  is  able  to  carry  for  ever.  No  doubt  can 
therefore  be  entertained  of  the  fuperabundant  rtrength 
of  this  centering.  We  fee  that  the  upper  row  of  rtruts 
is  quite  fufficient,  and  all  that  is  wanted  is  to  procure 
ftiffnefs  for  it ; for  it  murt  be  carefully  kept  in  mind, 
that  this  upper  row  is  not  like  an  equilibrated  arch.  It 
will  be  very  unequally  loaded  as  the  work  advances. 
The  haunches  of  the  frame  will  be  preffed  down,  and 
the  joints  at  the  crown  raifed  up.  This  murt  be  refirted. 

Here  then  we  may  gather,  by  the  way,  a ufeful  lef- 
fon.  Let  the  outer  row  of  rtruts  be  appropriated  to 
the  carriage  of  the  load,  and  let  the  reft  be  employed 
for  giving  ftiffnefs.  For  this  purpofe  let  the  outer  row 
have  abundant  rtrength.  The  advantages  of  this  me- 
thod are  confiderable.  The  pofition  of  the  beams  of 
the  exterior  row  is  more  advantageous,  when  (as  in  this 
example)  the  whole  is  made  to  reft  on  a narrow  foot : 
for  this  obliges  us  to  make  the  laft  angle,  at  leaft  of  the 
lower  row,  more  open,  which  increafes  the  rtrain  on 
the  ftrut ; befides,  it  is  next  to  impoffible  to  diftribute 
the  comprefTing  thrufts  among  the  different  rows  of  the 
trufs-beams ; and  a beam  which,  during  one  period  of 
the  mafon  work,  is  afting  the  part  of  a ftrut,  in  another 
period  is  bearing  no  ftrain  but  its  own  w'cight,  and  in 
another  it  is  ftretched  as  a tie.  A third  advantage  is, 
that,  in  a cafe  like  this,  where  all  refts  on  a narrow  foot, 
and  the  lower  row  of  beams  are  bearing  a great  part  of 
the  thrurt,  the  horizontal  thrurt  on  the  pier  is  very  great, 
and  may  pulh  it  afide.  This  is  the  moft  ruinous  acci- 
dent that  can  happen.  An  inch  or  two  of  yielding  will 
caufe  the  crown  of  the  arch  to  fink  prodigioufly,  and 
will  inftantly  derange  all  the  bearings  of  the  abutting 
beams  : but  when  the  lower  beams  already  a<rt  as  ties, 
and  are  quite  adequate  to  their  office,  we  render  the 
frame  perfectly  ftiff  or  unchangeable  in  its  form,  and 
take  away  the  horizontal  thrull  from  the  piers  entirely. 
This  advantage  is  the  more  valuable,  becaufe  the  veiy 
circuniftance  which  obliges  us  to  reft  all  on  a narrow 
foot,  places  this  foot  on  the  very  top  of  the  pier,  and 
makes  the  horizontal  thrurt  the  more  dangerous. 


But,  to  proceed  in  our  examination  of  the  centering  Ccntce. 
of  Cravant  bridge,  let  us  fuppofe,  that  the  king  ports 
are  removed,  and  that  the  beams  are  joined  by  compafs 
joints.  If  the  pier  fhall  yield  in  the  fmalleft  degree, 
both  rows  of  rtruts  murt  fink ; and  fince  the  angles  (at 
leaft  the  outermoft)  of  the  lower  row  are  more  open 
than  thofe  of  the  upper  row,  the  crown  of  the  lower 
row  will  fink  more  than  that  of  the  upper. 

The  angles  of  the  alternate  rows  mull  therefore  fepa- 
rate  a little.  Now  reftore  the  king  ports ; they  pre- 
vent this  feparation.  Therefore  they  are  Jlretchgd ; 
therefore  the  beams  of  the  lower  row  arc  alfo  ftretched  ; 
confequently  they  no  longer  butt  on  their  mortifes,  and 
murt  be  held  in  their  places  by  bolts.  Thus  it  appears 
that,  in  this  kind  of  fagging,  the  original  dirtribution  of 
the  load  among  the  different  rows  of  beams  is  changed, 
and  the  upper  row  becomes  loaded  beyond  our  expeda- 
tion. 

If  the  fagging  of  the  whole  trufs  proceed  only  from 
the  compreffion  of  the  timbers,  the  cafe  is  different,  and 
we  may  preferve  the  original  diftribution  of  mutual  abut- 
ment more  accurately.  But  in  this  cafe  the  ftiffnefs  of 
the  frame  arifes  chiefly  from  crofs  drains.  Suppofe  that 
the  frame  is  loaded  with  arehftones  on  each  fide  up  to 
the  ports  HC,  h c ; the  angles  E and  e are  preffed 
down,  and  the  beams  EOF,  eoY  puffi  up  the  point  F. 

This  cannot  rife  without  bending  the  beams  EOF,  e o F; 
becaufe  O and  0 are  held  down  by  the  double  king  ports, 
which  grafp  the  beams  between  them.  There  is  there- 
fore a crofs  rtrain  on  the  beams.  Obferve  alfo,  that  the 
triangle  EHF  does  not  preferve  its  ffiape  by  the  con- 
neiftion  of  its  joints;  for  although  the  ftrut  beams  are 
mortifed  into  the  king  port,  they  are  in  very  (hallow 
mortifes,  rather  for  fteadying  them  than  for  holding 
them  together.  Mr  Perronec  did  not  even  pin  them, 
thinking  that  their  abutment  was  very  great.  The  tri- 
angle is  kept  in  ffiape  by  the  bafe  EF,  w'hich  is  firmly 
bolted  into  the  middle  port  at  O.  Had  thefe  interfec- 
ticns  not  been  ftrongly  bolted,  we  imagine  that  the  cen- 
tres of  feme  of  Mr  Perronet’s  bridges  would  have  yield- 
ed much  more  than  they  did  ; yet  fome  of  them  yield- 
ed to  a degree  that  our  artifts  would  have  thought  very 
dangerous.  Mr  Perronet  was  obliged  to  load  the  crown 
of  the  centering  with  very  great  weights,  Increafing 
them  as  the  work  advanced,  to  prevent  the  frames  from 
going  out  of  ffiape  : in  one  arch  of  120  feet  he  laid  on 
45  tons.  Notwithftanding  this  imperfedlion,  which  is 
perhaps  unavoidable,  this  mode  of  framing  is  undoubt- 
edly very  judicious,  and  perhaps  the  bell  which  can  be 
employed  without  depending  on  iron  work. 

Fig.  5.  reprefents  another,  conrtrufted  by  Perronet  Por  the 
for  an  arch  of  90  feet  fpan  and  28  feet  rife.  The  truf-  bridge  of 
fes  were  7 feet  apart,  and  the  arch  was  4-i  thick  ; fo  that  Nogent, 
the  unreduced  load  on  each  frame  was  very  nearly  235 
tons.  Thefcantling  of  the  rtruts  was  15  by  12  inches. 

The  principle  is  the  fame  as  that  of  the  former.  The 
chief  difference  is,  that  in  this  centre  the  outer  trufs- 
beam  of  the  lower  row  is  not  coupled  with  the  middle 
row,  but  kept  nearly  parallel  to  the  outer  beam  of  the 
upper  row.  This  adds  greatly  to  the  rtrength  of  the 
foot,  and  takes  off  much  of  the  horizontal  thrurt  from 
the  pier. 

Mr  Perronet  has  fhewn  great  judgment  in  caufing 
the  polygon  of  the  inner  row  of  trufs-beams  gradually 
to  approach  the  polygon  of  the  outer  row.  By  this 
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difpofition,  the  angles  of  the  inner  polygon  are  more 
acute  than  thofe  of  the  outer.  A little  attention  will 
Ihew,  that  the  general  fagging  of  all  the  polygons  will 
keep  the  abutments  of  the  lower  one  nearer,  or  exaftly, 
to  their  original  quantity.  We  mufl;  indeed  except  the 
foot-beam.  It  is  Hill  too  oblique  ; and,  inftead  of  con- 
verging to  the  foot  of  the  upper  row,  it  fliould  have  di- 
verged from  it.  Had  this  been  done,  this  centre  is  al- 
moft  perfect  in  its  kind.  As  it  is,  it  is  at  leaft  fix  times 
ftronger  than  was  abfolutely  neceflary.  We  ftiall  have 
occafion  to  refer  to  this  figure  on  another  occafion. 

This  maxim  is  better  exemplified  by  Mr  Perronet  in 
the  centering  of  the  bridge  of  St  Maxence,  exhibited  in 
fig.  5.  n°  2.  than  in  that  of  Nogent,  fig.  5.  n°  i.  But 
we  think  that  a horizontal  trufs-beam  a b fliould  have 
been  inferred  (in  a fubordinate  manner)  between  the 
king  pofts  next  the  crown  on  each  fide.  This  would 
prevent  the  crown  from  rifing  while  the  haunches  only 
are  loaded,  without  impairing  the  fine  abutments  of  cd., 
c d,  when  the  arch  is  nearly  completed.  This  is  an  ex- 
cellent centering,  but  is  not  likely  to  be  of  much  ufe  in 
thefe  kingdoms  ; becaufe  the  arch  itfelf  will  be  confi- 
dered  as  ungraceful  and  ugly,  looking  like  a huge  lin- 
tel. Perronet  fays,  that  he  preferred  it  to  the  ellipfe, 
becaufe  it  was  lighter  on  the  piers,  which  were  thin. 
But  the  failure  of  one  arch  mufl  be  immediately  follow- 
ed by  the  ruin  of  all.  We  know  much  better  methods 
of  lightening  the  piers. 

Fig.  6.  reprefents  the  centering  of  the  bridge  of 
Neuilly,  near  Paris,  alfo  by  Perronet.  The  arch  has 
120  feet  fpan,  and  30  feet  rife,  and  is  5 feet  thick. 
The  frames  are  6 feet  apart,  and  each  carries  an  abfo- 
lute  (that  is,  not  reduced  to  or  to  f)  load  of  350 
tons.  The  ftrut  beams  are  17  by  14  inches  in  fcant- 
ling.  The  king  pofts  are  of  15  by  9 each  half ; and 
the  horizontal  bridles  which  bind  the  different  frames 
together  in  five  places,  are  alfo  15  by  9 each  half. 
There  are  eight  other  horizontal  binders  of  9 inches 
fquare. 

This  is  one  of  the  moft  remarkable  arches  in  the 
world  ; not  altogether  on  account  of  its  width  (for 
there  are  feveral  much  wider),  but  for  the  flatnefs  at 
the  crown  ; for  about  26  feet  on  each  fide  of  the  mid- 
dle it  was  intended  to  be  a portion  of  a circle  of  150 
feet  radius.  Anarch  (femicircular)  of  300  feet  fpan 
might  therefore  be  eafily  conftrudted,  and  would  be 
much  ftronger  than  this,  becaufe  its  horizontal  thruft 
at  the  crown  would  be  vaftly  greater,  and  would 
keep  it  more  firmly  united. 

The  bolts  of  this  centre  are  differently  placed  from 
thofe  of  the  former ; and  the  change  is  judicious.  Mr 
Perronet  had  doubtlefs  found  by  this  time,  that  the 
ftiffnefs  of  his  framing  depended  on  the  tranfverfe 
ftrength  of  the  beams ; and  therefore  he  was  careful 
not  to  weaken  them  by  the  bolts.  But  notwithftanding 
all  his  care,  the  framing  funk  upwards  of  1 3 inches  be- 
fore the  keyftones  were  laid  ; and  during  the  progrefs 
of  the  work,  the  crown  rofe  and  funk,  by  various  fteps, 
as  the  loading  was  extended  along  it.  When  20  cour- 
fes  were  laid  on  each  fide,  and  about  16  tons  laid  on 
the  crown  of  each  frame,  it  funk  about  an  inch.  When 
46  courfes  were  laid,  and  the  crown  loaded  with  50 
tons,  it  funk  about  half  an  inch  more.  It  continued 
finking  as  the  work  advanced  ; and  when  the  keyftone 
was  fet  it  had  funk  13^  inches.  But  this  finking  was 


not  general ; on  the  contrary  the  frame  had  rifen  great- 
ly at  the  very  haunches,  fo  as  to  open  the  upper  part  of 
the  joints,  many  of  which  gaped  an  inch  ; and  this  open- 
ing of  the  joints  gradually  extended  from  the  haunches 
towards  the  crown,  in  the  neighbourhood  of  which 
they  opened  on  the  under  fide.  This  evidently  arofe 
from  a want  of  ftiffnefs  in  the  frame.  But  thefe  joints 
clofed  again  when  the  centres  were  ftruck,  as  will  be 
mentioned  afterwards. 

We  have  taken  particular  notice  of  the  movements 
and  twilling  of  this  centre,  becaufe  we  think  that  they 
indicate  a deficiency,  not  only- of  ftiffnefs,  but  of  abut- 
ment among  the  trufs  beams.  The  whole  has  been 
too  flexible,  becaufe  the  angles  are  too  obtufe : This 
arifes  from  their  multiplicity.  When  the  intercepted 
arches  have  fo  little  curvature,  the  power  of  the  load 
to  prefs  it  inward  increafes  very  fall.  When  the  in- 
tercepted arch  is  reduced  to  one  half,  this  power  is 
more  than  doubled  ; and  it  is  alfo  doubled  when  the 
radius  of  curvature  is  doubled.  The  king-pofts  fliould 
have  been  further  apart  near  the  crown,  fo  that  the 
quantity  of  arch  between  them  fliould  compenfate  for 
its  diminilhed  curvature. 

The  power  of  withftanding  any  given  ineqnality  of 
load  would  therefore  have  been  greater,  had  the  centre 
confifted  of  fewer  pieces,  and  their  angles  of  meeting 
been  proportionally  more  acute.  The  greateft  improve- 
ment would  have  been,  to  place  the  foot  of  the  lower 
tier  of  trufs-beams  on  the  very  foot  of  the  pier,  and  to 
have  alfo  feparated  it  at  the  head  from  the  reft  with  a 
longer  king-poft,  and  thus  to  have  made  the  diftances 
of  the  beams  on  the  king-pofts  increafe  gradually  from 
the  crown  to  the  fpring.  This  would  have  made  all 
the  angles  of  abutment  more  acute,  and  would  have 
produced  a greater  preffure  on  all  the  lower  tiers  when 
the  frame  fagged. 

Fig.  7.  reprefents  the  centering  of  the  bridge  of  Or- 
leans. The  arch  has  100  feet  fpan,  andrifes30,  and 
the  archftones  are  6 feet  long.  It  is  the  conftrudtion 
of  Mr  Hupeau,  the  firft  architect  of  the  bridge.  It  is 
the  boldeft  work  of  the  kind  that  we  have  feen,  and  is 
conftru6led  on  clear  principles.  The  main  abutments 
are  few  in  number.  Becaufe  the  beams  of  the  outer 
polygon  are  long,  they  are  very  well  fupported  by 
ftraining  beams  in  the  middle ; and  the  ftruts  or  braces 
which  fupport  and  butt  on  them,  are  made  to  reft  on 
points  carried  entirely  by  ties.  The  inventor,  however, 
ieems  to  have  thought  that  the  angles  of  the  inner  po- 
lygon were  fupported  by  mutual  compreflion,  as  in  the 
outer  polygon.  But  it  is  plain  that  the  whole  inner 
polygon  may  be  formed  of  iron  rods.  Not  but  that 
both  polygons  may  be  in  a ftate  of  compreflion  (this  is 
very  poffible) ; but  the  fmalleft  fagging  of  the  frame 
will  change  the  proportions  of  the  preflures  at  the  an- 
gles of  the  two  polygons.  The  preffures  on  the  exte- 
rior angles  will  increafe,  and  thofe  on  the  lower  or  in- 
terior angles  will  diminifli  moft  rapidly  ; fo  that  the  a- 
butments  in  the  lower  polygon  will  be  next  to  no- 
thing. Such  points  could  bear  very  little  preffure  from 
the  braces  which  fupport  the  middle  of  the  long  bear- 
ings of  the  upper  beams,  and  their  preflures  mufl;  be 
borne  chiefly  by  the  joints  fupported  by  the  king-pofts. 
The  king-pofts  would  then  be  in  a ftate  of  extenfinn. 
It  is  difficult,  however,  to  decide  what  is  the  precife 
ftate  of  the  preffure  at  thefe  interior  angles. 
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Geuter.  though  one  leg  of  the  trufs  is  verj  oblique,  the  other 
compenfates  for  it  by  its  upright  pofition. 

The  chief  peculiarity  of  this  centre  is  to  be  feen  in 
its  bafe.  This  demands  a more  particular  attention  ; 
but  we  mufl  firftmakefome  obfervations  on  the  condi- 
tion of  an  arch,  as  it  refts  on  the  centering  after  the 
keyftones  are  all  fet,  and  on  the  gradual  transference 
of  the  prelfure  from  the  boards  of  the  centering  to  the 
joints  of  the  arch  Hones. 

Obfeiva-  While  all  the  archftones  lie  on  the  centering,  the 

tionsonthc  lower  courfes  are  alfo  leaning  pretty  ftrongly  on  each 

ftatc  of  an  other.  But  the  mortar  is  hardly  compreffed  in  the 

refts  on^the  the  joints  near  the  crown. 

centering.  Suppofe  the  arch  to  be  Catenarean,  or  of  any  other 
flrape  that  is  perfectly  equilibrated  : When  the  center- 
ing is  gradually  withdrawn,  all  the  archllones  follow  it. 
Their  wedge-like  form  makes  this  impoffible,  without 
the  middle  ones  fqueezing  the  lateral  ones  afide.  This 
comprelfes  the  mortar  between  them.  As  the  ftones 
thus  come  nearer  to  each  other,  thofe  near  the  crown 
mufl;  defcend  more  than  thofe  near  the  haunches,  be- 
fore every  Hone  has  lelfened  its  diftance  from  the  next 
by  the  fame  quantity  ; for  example,  by  the  hundredth 
part  of  an  inch.  This  circumftance  alone  mull  caufe  a 
finking  in  the  crown,  and  a change  of  (hape.  But  the 
joints  near  the  crown  are  already  more  open  than  thofe 
near  the  haunches.  This  produces  a flill  greater  change 
of  form  before  all  is  fettled.  Some  mafons  endeavour 
to  remedy,  or  at  lead  to  diminilh,  this,  by  ufing  no 
mortar  in  the  joints  near  the  crown.  They  lay  the 
ftones  dry,  and  ev'en  force  them  together  by  wedges 
and  blocks  laid  between  the  ftones  on  oppofite  fides  of 
the  crown  : They  afterwards  pour  in  fine  cement.  This 
appears  a good  pra(51ice.  Perronet  rejects  it,  becaufe 
the  wedging  fometimes  breaks  the  ftones.  We  fhould 
not  think  this  any  great  harm  ; becaufe  the  fradture 
will  make  them  dole  where  they  would  oiherwife  lie 
hollow.  But,  after  all  our  care,  there  is  ftill  a finking 
of  the  crown  of  the  arch.  By  gradually  withdrawing 
the  centering,  the  joints  clofe,  the  archftones  begin  to 
butt  on  each  other,  and  to  force  afide  the  lateral  courfes. 
This  abutment  gradually  increafing,  the  prelfure  on  the 
haunches  of  the  centering  is  gradually  diminiftied  by 
the  mutual  abutment,  and  ceafes  entirely  in  that  courfe, 
which  is  the  loweft  that  formerly  prefled  it;  it  then 
ceafes  in  the  courfe  above,  and  then  in  the  third,  and 
fo  on.  And,  in  this  manner,  not  only  the  centering 
quits  the  arch,  gradually,  from  the  bottom  to  the  top, 
by  its  onvn  retiring  from  it,  but  the  arch  alfo  quits  the 
centering  by  ckanging  its  Jloape.  If  the  centering  were 
now  pulhed  up  again,  it  would  touch  the  arch  firft  at 
the  crown  ; and  it  mufl  lift  up  that  part  gradually  be- 
fore it  come  again  in  contad  with  the  haunches.  It 
is  evident,  therefore,  that  an  arch,  built  on  a centre  of 
a ftiape  perfedly  fuited  to  equilibration,  W'ill  not  be  in 
equilibrio  when  the  centering  is  removed.  It  is  there- 
fore neceflary  to  form  the  centering  in  fuch  a manner 
(by  raifing  the  crown),  that  it  fliali  leave  the  arch  of 
a proper  form.  This  is  a very  delicate  tafle,  requiring 
a previous  knowledge  of  the  enfuing  change  of  form. 
Tnis  cannot  be  afeertained  by  the  help  of  any  theory 
we  are  acquainted  with. 

But,  fuppofe  this  attained,  there  is  another  difficulty; 
While  the  work  advances,  the  centering  is  w'arped  by 
the  load  laid  on  it,  and  continually  increafing  on  each 


fide.  The  firft  prelfure  on  the  centering  forces  down  Center 
the  haunches,  and  raifes  the  crown.  The  arch  is  there- 
fore  lefs  curved  at  the  haunches  than  is  intended  ; the 
joints,  however,  accommodate  themfelves  to  this  form, 
and  are  clofe,  and  filled  with  mortar.  When  the  ma- 
fons approach  the  middle  of  the  arch,  the  frame  finks 
there,  and  rifes  up  at  the  haunches.  This  opens  all  the 
joints  in  that  place  on  the  upper  fide.  By  the  time  that 
the  keyftones  are  fet,  this  warping  has  gone  farther  ; 
and  joints  are  opened  on  the  under  fide  near  the  crown. 

It  is  true  we  are  here  fpeaking  rather  of  an  extreme 
cafe,  when  the  centering  is  very  flexible  ; but  this  oc- 
curred to  Mr  Perronet  in  the  two  great  bridges  of  Neu- 
illy  and  of  Mantz.  In  this  laft  one,  the  crown  funk 
above  a foot  before  the  key  was  fet,  and  the  joints  at 
the  haunches  opened  above  an  inch  above,  while  fome 
nearer  the  crown  opened  near  a quarter  of  an  inch  beloiv. 

In  this  condition  of-things,  it  is  a delicate  bufinefs  to  a delicat 
llrike  the  centering.  Were  it  removed  in  an  inftant,  all  bufmefs  t 
would  probably  come  down  ; for  the  archftones  are  not  ^^ike  the 
yet  abutting  on  each  other,  and  the  joints  in  the  middle 
are  open  below.  Mr  Perronet’s  method  appears  to  us 
to  be  very  judicious.  He  began  to  detach  the  center- 
ing at  the  very  bottom,  on  each  fide  equally,  where  the 
prelfure  on  the  centering  is  very  flight.  He  cut  away 
the  blocks  which  were  immediately  under  each  arch- 
ftone.  Pie  proceeded  gradually  upwards  in  this  way 
with  fome  fpeed,  till  all  was  detached  that  had  been  put 
out  of  fhape  by  the  bending  of  the  centering.  This  be- 
ing no  longer  fupported,  funk  Inward,  till  it  was  (lopped 
by  the  abutment  which  it  found  on  the  archftones  near 
the  crown  which  were  ftill  refting  on  their  blocks. 

During  part  of  this  procefs,  the  open  joints  opened  ftill 
more,  and  looked  alarming.  This  was  owing  to  the  re- 
moval of  the  load  from  the  haunches  of  the  centering. 

This  allowed  the  crown  to  fink  ftill  more,  by  forcing 
out  the  arch  ftones  at  the  haunches.  He  now  paufed 
fome  days ; and  during  this  time  the  two  haunches,  now 
hanging  in  the  air,  gradually  prelTed  In  toward  the  cen- 
tering, their  outer  joints  clofing  in  the  meanwhile.  The 
haunches  were  now  prefting  pretty  hard  on  the  arch 
ftones  nearer  the  crown.  He  then  proceeded  more 
flowly,  deftroying  the  blocks  and  bridgings  of  thefe  up- 
per archftones.  As  foon  as  he  deftroyed  the  fupport  of 
one,  it  immediately  yielded  to  the  prsfiure  of  the  haunch; 
and  If  the  joint  between  it  and  the  one  adjoining  to- 
ward the  crown  happened  to  be  open,  whether  on  the 
under  or  the  upper  fide,  it  immediately  clofed  on  it. 

But  in  proceeding  thus,  he  found  every  (lone  fink  a 
little  while  it  clofed  on  its  neighbour  ; and  this  was  like 
to  produce  a ragged  (offer,  which  is  a deformity.  He 
therefore  did  not  allow  them  to  fink  (b  much.  In  the 
places  of  the  blocks  and  bridgings  which  he  had  cut 
away,  he  fet  fmall  billets,  (landing  on  their  ends,  between 
the  centering  and  the  archftones.  P'hefe  allowed  the  pen- 
dulous arch  to  pulli  tcn\  ard  ihe'erown  without  fenftbly 
defcendir.g  ; for  the  billets  were  puftied  out  of  the  per- 
pendicular, and  fome  of  them  tumbled  down.  Proceed- 
ing in  this  way,  he  advanced  to  the  very  next  courfe  to 
the  key  Hone  on  each  fide,  the  joints  clofing  all  the  way 
as  he  advanced.  The  laft  job  was  very  troublefome  ; 
we  mean  the  detaching  the  three  nppermoft  courfes  from 
the  centering ; for  the  whole  elallicity  of  the  center- 
ing was  now  trying  to  unbend,  and  prdnng  hard  againft 
them.  He  found  lhat  they  were  lifted  up;  for  the 
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a part  of  the  fortifications  more  than  30c  years  old.  and  tottering.  Mr  Perronet  fays,  that  his  arches  were 
The  mortar  between  the  bricks  was  harder  than  the  firm,  becaufe  hardly  a ftone  was  obferved  to  chip  or 
bricks  (which  were  Dutch  clinters,  fnch  as  are  now  fplinter  off  at  the  edges  by  the  fettlement.  But  he  had 
ufed  only  for  the  greateft  loads)  ; but  when  mixed  with  done  every  thing  to  prevent  this,  by  digging  out  the 
water  it  made  it  limewater,  feemingly  as  ftrong  as  if  mortar  from  between  the  headers,  to  the  depth  of  tw'O 
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frefn  lime  had  been  ufed.  We  obferved  the  fame  thing 
in  one  fmall  part  of  a huge  mafs  of  ancient  Roman  work 
near  Romney  in  Kent ; but  the  reft,  and  all  the  very 
old  mortar  that  we  have  feen,  was  in  a mild  ftate,  and 
was  generally  much  harder  than  what  produced  any 
lime  water.  Now  when  the  mortar  in  the  joints  has 
begun  its  firft  cryftallization,  and  is  allowed  to  remain 


inches,  with  faws  made  on  purpofe.  But  we  are  well 
informed,  that  before  the  year  1791  (twenty  years  af- 
ter the  ereflion)  the  arches  at  Neuilly  had  funk  very 
fenfibly,  and  that  very  large  fplinters  had  flown  off  in 
feveral  places.  It  could  not  be  otherwife.  The  origi- 
nal conftrudHon  was  too  bold  ; we  may  fay  needlefsly  Mr  Perr 
and  oftentatioufly  bold.  A very  gentle  flope  of  the  net’s  coh' 
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in  perfed  reft,  we  are  confident  that  the  fubfequent  cry-  roadway,  which  would  not  have  flackened  the  mad  gal- 


ftais,  whether  of  lime,  or  of  calcareous  earth,  or  of  gyp-  lop  of  a ducal  carriage,  nor  fenfibly  checked  the  labo- 


fum,  will  be  much  larger  and  ftronger  than  can  ever  be 
produced  if  they  are  once  broken  ; and  the  farther  that 
this  cryftallization  has  been  carried,  that  is,  the  harder 
that  the  mortar  has  become,  lefs  of  it  remains  to  take 
any  new  cryftallization.  Why  fhould  it  be  otherwife 
here  than  in  every  other  cryftallization  that  we  are  ac- 
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rious  pull  of  a loaded  waggon,  and  a proper  difference 
in  the  fize  of  the  arches,  would  have  made  this  won- 
derful bridge  incomparable  ftronger,  and  alfo  much 
more  elegant  and  pleafing  to  the  eye.  Indeed,  it  is  far 
from  being  as  handfome  as  it  might  have  been.  The 
ellipfe  is  a moft  pleafing  figure  to  every  beholder  ; but 
this  is  concealed  as  much  as  poflible,  and  it  is  attempt- 


quainted  with  ? 

Neceffityof  We  think  therefore  that  it  is  of  great  confequence  ed  to  give  the  whole  the  appearance  of  a tremendous 
keeping  the  keep  the  joints  in  their  JirJl  ftate  if  poflible;  and  lintel.  It  has  the  oppreffrve  look  of  danger.  It  will 
joints  in  ftrength  (as  far  as  it  depends  on  the  mortar)  not  be  of  long  duration.  The  bridge  at  Mantz  is  ftill 

is  greatly  diminiftied  by  their  opening ; efpecially  when  more  exceptionable,  becaufe  its  piers  are  tall  and  flen- 
the  mortar  has  acquired  confiderable  hardnefs,  which  it  der.  If  any  one  of  the  arches  fails,  the  reft  muft  fall 
will  do  in  a month  or  fix  weeks,  if  it  be  good.  The  in  a moment.  An  arch  of  Blackfriars  Bridge  might 
cohefion  given  by  mortar  is  indeed  a mere  trifle,  when  be  blown  up  without  difturbing  its  neighbours 


their  firft 
ftate. 


oppofed  to  a force  which  tends  to  open  the  joints,  adl- 
ing,  as  it  generally  does,  wfith  the  tranfverfe  force  of  a 
lever : but  in  fituations  where  the  overload  on  any  par- 
ticular archftones  tends  to  pufti  them  down  through 
between  their  neighbours,  like  wedges,  the  cohefion  of 
the  mortar  is  then  of  very  great  confequence. 
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We  muft  make  another  obfervation.  Mr  Perronet’s 


Ingenious  procefs  tended  very  effedlually  to  clofe  the 
joints.  In  doing  this,  the  forces  which  he  brought  in- 
to adion  had  little  to  oppofe  them  ; but  as  foon  as  they 
were  clofed,  the  contadl  of  the  parts  formerly  open  op- 


Mr  Perronet  mentions  another  mode  of  ftriking  the  A bad  mi 
centering,  which  he  fays  is  very  ufual  in  France.  Every 
fecond  bridging  is  cut  out.  Some  time  after,  every  centre^* 
cond  of  the  remainder  ; after  this,  every  fecond  of  the 
remainder;  and  fo  on  till  all  are  removed.  This  is 
never  pra61ifed  in  this  country,  and  is  certainly  a very 
bad  method.  It  leaves  the  arch  hanging  by  a number 
of  diftant  points ; and  it  is  wonderful  that  any  arch 
can  bear  this  treatment. 

Our  architefls  have  generally  proceeded  with  extreme 
caution.  Wherever  they  could,  they  fupported  the  cen- 
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pofed  an  obftruftion  incomparably  greater,  and  imme-  tering  by  intermediate  pillars,  even  when  it  was  a truff- 
diately  balanced  a force  which  was  but  juft  able  to  turn  ed  centre,  having  a tie-beam  reaching  from  fide  to  fide. 


the  ftone  gently  about  the  two  edges  in  which  it  touch- 
ed the  adjoining  ftones.  This  is  an  important  remark, 
though  feemingly  very  trifling ; and  we  wifh  the  prac- 
titioner to  have  a very  clear  conception  of  it ; but  it 
would  take  a multitude  of  words  to  explain  it.  It  is 
w^orth  an  experiment.  Form  a little  arch  of  wooden 
blocks ; and  form  one  of  thefe  fo,  that  when  they  are 
all  refting  on  the  centering,  it  may  be  open  at  the  outer 
joint — Remove  the  centering — Then  prefs  on  the  arch 
at  fome  diftance  from  the  open  joint. — You  will  find 
that  a very  fmall  preffure  will  make  the  arch  bend  till 
that  joint  clofes — Prefs  a little  harder,  and  the  arch  will 
bend  more,  and  the  next  joint  will  open, — Thus  you 
will  find  that,  by  prefling  ahernately  on  each  fide  of  the 
open  joint,  that  ftone  can  eafily  be  made  to  flap  over  to 
either  fide  ; and  that  immediately  after  this  is  done  the 
refiftance  increafes  greatly.  This  (hews  clearly,  that  a 
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The  centre  was  made  to  reft,  not  immediately  on  thefe  The  com. 
pillars,  but  on  pieces  of  timber  formed  like  acute  wedges, 


placed  In  pairs,  one  above  the  other,  and  having  the 


point  of  the  one  on  the  thick  end  of  the  other.  Thefe 
wedges  were  well  foaped  and  rubbed  with  black  lead,  to 
make  them  flippery.  When  the  centres  are  to  be  ftruck, 
men  are  ftationed  at  each  pair  of  the  wedges  with  heavy 
mauls.  They  are  direifted  to  ftrike  together  on  the  op- 
pofite  wedges.  By  this  operation  the  whole  centering 
defeends  together ; or,  when  any  part  of  the  arch  is  ob- 
ferved to  have  opened  its  joints  on  the  upper  fide,  the 
wedges  below  that  part  are  flackened.  The  framing 
may  perhaps  bend  a little,  and  allow  that  part  to  fub- 
fide.  If  any  part  of  the  arch  is  obferved  to  open  its 
joints  on  the  under  fide,  the  wedges  below  that  part  are 
allowed  to  ftand  after  the  reft  have  been  flackened.  By 
this  procefs,  the  whole  comes  down  gradually,  and  as 
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very  moderate  force,  judicioufly  employed,  will  clofe  flowly  as  we  pleafe,  and  the  defedls  of  every  part  of  the 
the  joints,  but  will  not  prefs  the  parts  ftrongly  toge-  arch  may  be  attended  to.  Indeed  the  caution  and  mo- 
ther. The  joints  therefore  are  clojed,  but  no  more  tha7i  deration  of  our  builders  have  commonly  been  fuch,  that 
clofsd,  and  are  hanging  only  by  the  edges  by  which  they  few  defeffs  have  been  allowed  to  fliew  themfelves.  We 
were  hanging  while  the  joints  were  open.  The  arch,  are  but  little  acquainted  with  joints  opening  to  the  ex- 


therefore,  though  apparently  clofe  and  firm,  is  but  loofe 


tent  of  two  inches,  and  in  fuch  a cafe  would  probably 
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produced  and  excited  in  a frame  of  carpentrf,  which  is 
fettling  and  changing  its  fliape,  even  though  it  be  not 
very  complicated  ; far  lefs  are  we  polfeifed  of  a clear 
view  of  what  happens  in  a mafs  of  mafonry  in  fimilar 
conditions.  Therefore,  though  we  fpeak  with  the  ftrong 
belief  of  our  being  right,  we  fpeak  with  a fenfe  of  our 
fallibility,  and  with  great  deference  to  the  judgment  of 
eminent  and  experienced  architeifls  and  engineers.  We 
fiiould  confider  their  free  and  candid  criticifms  as  the 
higheft  favour  ; and  we  even  folicit  them,  with  affuran- 
ces  of  thanks,  and  that  we  will  take  fome  opportunity, 
before  the  dole  of  this  work,  to  acknowdedge  and  cor- 
redl  our  miftakes.  We  even  prefume  to  hope,  that  the 
liberal  minded  artift  will  be  pleafed  with  this  oppor- 
tunity which  we  give  him  of  iucreafing  the  national 
dock  of  knowledge.  Let  mutual  jealoufy  and  rivalfliip 
reign  in  the  breads,  and  prompt  the  exertions,  of  our 
relilefs  neighbours  on  the  continent — let  them  think 
that  the  dignity  of  man  confifts  in  perpetual  warfare,  in 
which  every  individual  feels  himfelf  indebted  only  to 
himfelf,  freed  from  all  the  fweet  ties  of  domdlic  parti- 
ality, of  fiiendfhip,  and  of  patriotic  attachment.  We 
hope  that  the  hearts  of  Britons  will  long  continue  to  be 
warmed  and  forlifud  by  the  thoughts  of  mutual  affid- 
aiice,  mutual  co-operation,  mutual  attachment,  and  a 
patriotic  preference  of  their  countrymen  to  all  other 
men.  While  thefe  fentiments  are  regulated  by  unfliak- 
en  honedy,  by  candour,  and  by  Chridian  charity,  we 
fnall  be  fecured  from  the  errors  of  partial  attachments, 
and  yet  enjoy  all  the  pleafures  of  unfophidicated  nature. 
Families  will  dill  be  bound  together  by  the  affedtionate 
ties  of  blood  ; and  the  whole  frame  of  Britiih  fociety 
will  be  in  harmony  with  the  bonds  which  connedl  the 
members  of  each  family,  by  their  endlefs  erodings  and 
intermixings.  In  this  date,  the  date  of  focial  nature, 
the  man  of  talents  will  not  lock  up  all  the  fruits  of  his 
exertions  in  his  own  bread,  but  will  feel  a pleafure  in 
imparting  them  to  a fociety  that  is  dear  to  him,  and  on 
which  he  depends  for  all  his  bed  enjoyments.  Nothing 
will  hold  the  good  man  back  when  this  is  in  his  power, 
but  the  virtuous  ufe  which  he  can  make  of  his  fuperio- 
rity  in  the  difeharge  of  his  own  little  circle  of  duties. 
This  is  all  that  is  required  of  true  patriotifm  ; and  it  is 
not  too  much  to  be  expedtedfrom  Britons,  who  feel  a 
pleafure  in  viewing  their  country  as  the  great  fchool  of 
the  arts,  under  the  patronage  of  a fovereign  who  has 
done  more  for  their  improvement  than  ail  the  other 
princes  of  Europe,  and  who  (v/e  are  well  alfured)  is 
now  meditating  a plan  which  mud  be  highly  gratifying 
to  every  eminent  profelfor  of  the  arts. 
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I'lie  fub- 
jedl  of  this 
article  con- 
neiftedwith 
the  con- 
ftrudlion  of 
wooden 
bridges. 


The  fubjedt  which  we  have  been  confidering  is  very 
clofely  coi>nedl:ed  with  the  condrudlion  of  wooden 
bridges.  Thefe  are  not  always  condrudted  on  the  foie 
principles  of  equilibrium,  by  means  of  mutual  abut- 
ment. They  are  diff  frames  of  carpentry,  where,  by 
a proper  difpofition,  beams  are  put  into  a date  of  exten- 
fion,  as  well  as  of  compreffion,  fo  as  to  dand  in  place 
of  folid  bodies  as  big  as  the  fpaces  which  the  beams  in- 
clofe  ; and  thus  we  are  enabled  to  couple  two,  three,  or 
four  of  thefe  together,  and  fet  them  in  abutment  with 
each  other  like  mighty  archdones.  We  Ihall  clofe  this 
article,  therefore,  with  two  or  three  fpecimensof  wood- 
en bridges,  difpofed  in  a feries  of  progreffive  compoii- 


tlon,  fo  as  to  ferve  as  a fort  of  introdudlion  to  the  art  Center, 
in  general,  and  furnifli  a principle  which  will  enable  the  • * 

intelligent  and  cautious  artid  to  pufti  it  with  confidence  i 

as  far  as  it  can  go. 

The  general  problem  is  this.  Suppofe  that  a bridge  Plate  XVI.  ’ • 
is  to  be  thrown  over  the  fpace  AB  (dg.  g.),  and  that  | 

this  is  too  wide  for  the  ftrength  of  the  fize  of  timber  | 

which  is  at  our  command  ; how  may  this  beam  ABlse 
fupported  with  fufficient  effed  ? There  are  but  two 
ways  in  which  the  middle  point  C (where  thegreated 
drain  is)  can  be  fupported  ; t.  It  may  befufpended  by  i 

two  ropes,  Iron  rods,  or  wooden  ties,  DC,  EC,  made 
fad  to  two  firm  points  D,  E,  above  it ; or  it  may  red  on 
the  ridge  of  two  rafters  d C,  e C,  which  red  on  two 
firm  points  d,  e below  It.  2.  It  may  be  fupported  by 
conneding  it  with  a point  fo  fupported;  and  this  con- 
nedion  may  be  formed  either  by  fufpending  it  from 
this  point,  or  by  a pod  reding  on  it.  Thus  it  may 
hang,  by  means  of  a rod  or  a king-pod  FC,  from  the 
ridge  F of  two  rafters  AF,  BF  ; or  it  may  red  on  the  .. 

drut  C ft  whofe  lower  extremity  f is  carried  by  the  ' , 

ropes,  rods,  or  wooden  ties  A y,  B gf  ! 

Whichfoever  of  thefe  methods  we  employ,  It  follows, 
from  the  principles  of  carpentry,  that  the  fupport  given 
to  the  point  C is  fo  much  the  more  powerful,  as  we 
make  the  angle  DCE,  or  d C e,  or  the  equivalent  an- 
gles AFB,  or  Ay  B,  more  acute. 

Each  of  thefe  methods  may  be  fuppofed  equally 
drong.  Our  choice  will  depend  cliiefly  on  the  facility  if 

of  finding  the  proper  points  of  fupport  D,  E,  y e ; ex-  jl 

cept  in  the  fecond  cafe,  where  we  require  no  fixed  points  X 

but  A and  B.  The  fimple  forms  of  the  nrd  cafe  re-  The  ufaal  E 
quire  a great  extent  of  figure.  Very  rarely  can  we  andfimpleft  S 
fufpend  it  from  points  fituated  as  D and  E.  It  is  even  method  o£  ■ 
feldom  that  we  have  depth  enough  of  bank  to  allow  the  a 

fupport  of  the  rafters  d C,  e C;  but  we  ean  always  find 
room  for  the  fimple  trufs  AFB.  This  therefore  is  the  I? 

mod  ufually  praedifed.  r 

In  the  condrudion,  we  mud  follow  the  maxims  and  1 

dire<dions  prefcribed  in  the  article  Carpentry  of  this  3 

volume,  and  the  article  Roof  of  the  Encycl.  The  -t 

beams  FA,  FB  mud  be  mortifed  into  AB,  in  the  firm-  1 

ed  manner,  and  there  fecured  with  draps  and  bolts ; | 

and  the  middle  mud  hang  by  a drap  attached  to  the  I 

king  pod  FC,  or  to  the  iron  rod  that  is  ufed  for  a king  I- 

pod.  No  mortifing  in  the  point  C mud  be  employed  ; ^ 

it  Is  unnecelfary,  and  it  is  hurtful,  becaufe  it  v/eakens  ? 

the  beam,  and  becaufe  it  lodges  water,  and  foon  decays  \ 

by  rot.  The  bed  praftice  is  not  to  fufpend  the  beam  f 

immediately  by  this  drap,  but  to  let  it  red,  as  in  fig. 

10.  on  abeam  C,  which  cro/fes  the  bridge  below,  and 
has  its  other  end  fupported  in  the  fame  manner  by  the 
other  trufs. 

It  is  evident  that  the  length  of  the  king  pod  has  no- 
effect  on  the  fupport  of  C.  We  may  therefore  contraft 
every  thing,  and  preferve  the  fame  drength  of  fupport, 
by  finding  two  points  a and  l>  (fig.  ii.)  in  the  banks,  • 
at  a moderate  didance  below  A and  B,  and  fetting  up 
the  rafters  a F,  b F,  and  fufpending  C from  the  fhort- 
ened  king  pod.  In  this  conftruftion,  when  the  beam 
AB  reds  on  a crofs  bearer,  as  is  drawn  here,  the  druts 
a F,  ^ F are  kept  clear  of  it.  Wo  connexion  between 
them  is  neceffary,  and  it  may  be  hurtful,  by  inducing 
crofs  drains  on  both.  It  will,  however,  greatly  in- 

creafe- 
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CciiTreville  this  plane  with  the  furface  of  the  fiaid  ; and  the  centre 
li  of  pi  efftire  upon  a plane  parallel  to  the  horixon,  or  upon 
any  plane  where  the  prehure  is  uniform,  is  the  fame  as 
the  centre  of  gravity  of  that  plane. 

CENTREVIXjLE,  the  chief  town  of  Queen  Ann’s 
CO.  and  on  the  E.  fide  of  Chefapeak  bay  in  Maryland. 
It  lies  be.w’een  the  iorks  of  Corfica  creek,  which  runs 
into  chefter  River  and  has  been  lately  laid  out;  18 
miles  S.  of  Chefter ; 34  S.  E.  by  E.  of  Baltimore,  and 
95  S.  W.  by  S.  of  Philadelphia.  N.  lat.  39.  6. — Mone. 

CENTROBARICO,  the  fame  as  centre  of  gravity. 

CENTROBARIC  Method,  is  a method  of  deter- 
mining the  quantity  of  a furface  or  folid,  by  means  of 
the  generating  line  or  plane  and  its  centre  of  gravity. 
The  dodti  ine  is  chiefly  comprifed  in  this  theorem  : 

Every  figure,  whether  fupeificial  or  folid,  generated 
by  the  motion  of  a line  or  plane,  is  equal  to  the  pro- 
diuft  of  the  generating  magnitude  and  the  path  of  its 
centre  of  gravity,  or  the  line  which  its  centre  of  gra- 
vity defcribes. 

CERUbE,  or  White-lead,  is  a fubftance  fo  much 
ufed  in  painting,  and  for  other  purpofes,  that  numerous 
inodes  have  been  employed  for  the  preparation  of  it. 
Of  the  molt  common  of  ihefe,  a fufficient  account  has 
been  given  in  the  Encyclopoedia  (fee  Ceruse,  and  the 
fame  word  CnhuisT ky -Index ) \ but  Lord  Dundonald 
has  difcovered  a more  expeditious  and  facile  method 
than  any  of  them,  w'hich  becomes  the  more  ufeful, 
as  the  fubftance  with  which  it  is  eflFedled  has  been  hi- 
therto rejedled  by  the  chemical  world  as  a caput  mor- 
tuu'/ii. 

His  lordfhip  direfls  common  lead  to  be  reduced  to  a 
calx,  but  not  too  fine,  and  to  have  a proportion  of  five- 
fixth  parts  thereof,  intimately  mixed  wdth  muriate,  or 
folution  of  potafs.  In  this  ftate,  he  diredls  it  to  be 
frequently  ftirred,  in  order  to  have  the  new  furfaces  of 
the  mixture  expofed  to  the  carbonic  acid  of  atmofpheric 
air  ; as  his  lordfhip  obfepves,  that  the  effeds  of  the  car- 
bonic acid  on  the  alkali  exifting  in  the  prefent  ftate  of 
the  mixture  is  effentially  neceffary,  in  order  to  effed  the 
intended  purpofe.  In  this  ftate,  it  is  to  be  frequently 
fprinkled  with  water ; and,  after  the  calx  has  been  long 
enough  immerfed  with  the  muriate  to  be  fufficiently 
operated  upon,  the  muriate  is  to  be  levigated  by  com- 
mon w'ater  from  the  calx,  and  to  be  concentrated  by 
evaporation,  in  order  to  be  made  ufe  of  at  a future  pe- 
riod w’ith  other  calx.  The  calx  is  to  be  afterwards 
ground,  levigated,  and  dried  for  ufe. 

For  this  difcovery,  his  lordfhip  obtained  a patent  on 
the  i8th  of  Auguft  1797  ; and  the  fuccefs  which  has 
attended  the  former  patents  of  this  fcientific  nobleman 
leads  us  to  conclude,  that  the  prefent  difcovery  is  en- 
titled to  the  attention  of  the  public. 

CHACTAWS,  or  flat  heads,  are  a powerful,  har- 
dy, fubtile  and  intrepid  race  of  Indians,  who  inhabit 
a very  fine  and  extenfive  trad!  of  hilly  country,  with 
large  and  fertile  plains  intervening,  between  the  Ala- 
bama and  MifTiffippi  rivers,  and  in  the  wreftern  part 
of  the  ftate  of  Georgia.  This  nation  had,  not  many 
years  ago,  43  towns  and  villages,  in  three  divi- 
fions,  containing  12,123  fouR>  of  which  4,041  were 
fighting  men.  They  are  called  by  the  traders  Flat- 
heads,  all  the  males  having  the  fore  and  hind  part  of 
their  fkulls  artificially  flattened  when  young.  Thefe 
men,  unlike  the  Mufcogulges,  are  flovenly  and  negli. 


gent  in  every  part  of  their  drefs,  but  otherw'ifc  are  faid  Chads- 
to  be  ingenious,  fenfible,  and  virtuous  men,  bold  and  in-  II 
trepid,  yet  quiet  and  peaceable.  Some  late  travellers, 
however,  have  obferved  that  they  pay  little  attention 
to  the  moft  neceffary  rules  of  moral  condud,  at  leaft 
that  unnatural  crimes  were  too  frequent  among  them. 
Different  from  moft  of  the  Indian  nations  bordering  on 
the  United  States,  they  have  large  plantations  or 
country  farms,  w'here  they  employ  much  of  their  time 
in  agricultural  improvements,  after  the  manner  of  the 
white  people.  Although  their  territories  are  not  -|th 
fo  large  as  thofe  of  the  Mufcogiilge  confederacy,  the 
number  of  inhabitants  is  greater.  The  Chadtaws  and 
Creeks  are  inveterate  enemies  to  each  other. — Morse. 

CHAGRE,  a river  and  town  in  Terra  Firma,  S. 
America.  The  river  opens  to  the  N.  Sea,  and  was 
formerly  called  Lagortas,  from  the  number  of  alliga- 
tors in  it ; has  its  fource  in  the  mountains  near  Cruces, 
and  Its  mouth  is  in  N.  lat.  9.  where  there  is  a ftrong 
fort,  built  on  a fteep  rock,  on  the  E.  fide,  near  the  fea 
fliore.  This  fort  has  a commandant,  and  lieutenant, 
and  the  garrifon  is  draughted  fro.m  Panama,  to  wdiich 
you  go  by  this  river,  landing  at  Cruces,  about  5 
leagues  from  Panama,  and  thence  one  travels  by  land 
to  that  city.  Oppofite  to  fort  Chagre  is  the  royal  cuf- 
tom-houfe.  Here  the  river  is  broadeft,  being  120  toi- 
fes  over ; whereas,  at  Cruces,  w’here  it  begins  to  be 
navigable,  it  is  only  20  toifes  wide ; from  the  town  of 
Chagre,  to  the  mouth  of  the  liver,  is  21  miles  N.  W. 
by  W.  but  meafuring  by  w’ater  is  43  miles.  There  is 
at  Cruces  an  alcalde,  who  lives  at  the  cuftom-houfe, 
and  takes  an  account  of  all  goods  on  the  river.  Cha- 
gre fort  was  taken  by  admiral  Vernon,  in  174a. — ib. 

CHAMBERS  (Sir  William),  the  celebrated  archi- 
tedl,  was  defeended  of  the  ancient  family  of  Chalmers  In 
Scotland,  barons  of  Tartas,  in  France.  His  grandfather 
fuffered  confiderably  In  his  fortune  by  fupplying  Charles 
XII.  of  Sweden  with  money,  &c.  which  that  monarch 
repaid  in  bafe  coin.  Sir  William’s  father  refided  feveral 
years  in  Sweden  to  recover  his  claims ; and  there  Sir 
William  was  born,  and,  at  eighteen  years  of  age,  ap- 
pointed fupercargo  to  the  Swedifh  Eaft  India  company. 

From  a voyage  which  he  made  to  China,  he  brought 
home  the  Afiatic  ftyle  of  ornament,  in  tents,  temples, 
mofques,  and  pagodas.  Thefe  ornaments  (through  the 
intereft  of  lord  Bute)  he  was  enabled  to  apply  in  the 
gardens  at  Kew.  Patronifed  by  the  princefs  dowager 
and  the  king,  Mr  Chambers  had  much  of  the  fafhion- 
able  bufinefs  of  the  day.  Under  Burke’s*  reform,  he” 
was  appointed  furveyor-geueral  of  the  board  of  works. 
Somerfet-houfe  was  worth  to  him  at  leaft  ^.2000  a 
year.  His  Cbef  d’ceuvres  are  his  ftaircafes,  particularly 
thofe  at  Lord  Befborough’s,  Lord  Gower’s,  and  the 
Royal  and  Antiquarian  Societies.  The  terrace  be- 
hind Somerfet  houfe  is  a bold  effort  of  conception. 

His  defigns  for  interior  arrangements  were  excellent. 

His  Treatife  on  Civil  Architedlure  alone  will  immor- 
talize his  name.  In  private  life.  Sir  William  was  hof- 
pitable,  kind,  and  amiable.  His  fon  married^  Mifs 
Rodney;  Mr  Cotton,  Mr  Innis,  and  Mr  Hafward, 
married  his  beautiful  daughters.  Having  been  abfte- 
mlous  in  his  youth.  Sir  William’s  - conftitution  did  not 
begin  to  break  till  he  was  feventy  years  of  age.  For 
the  laft  three  years,  he  was  kept  alive  by  wine  and  ox- 
ygenated air  j and  died  on  the  5th  of  March  1 796.  His 

celebrity 
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i.amberf-  celebrity  will  be  lafling  in  the  works  which  he  has  left ; 
burg  and,  as  he  was  equally  {killed  in  the  theory  and  prac- 
H , . tice  of  the  arts  which  he  profelfed,  his  precepts  are  as 
I valuable  as  his  works.  At  his  death,  he  was  fellow 
of  the  Royal  and  Antiquarian  Societies,  treafurer  of 
the  Royal  Academy,  furveyor-general  of  the  board  of 
works,  and  knight  of  the  Swedidi  order  of  the  Polar 
Star. 

CHAMBERSBURG,  a poll  town,  in  Pennfylva- 
nia,  and  the  chief  of  Franklin  co.  It  is  fituated  on  the 
eaftern  branch  of  Conogocheague  creek,  a water  of 
Potowmac  River  in  a rich  and  highly  cultivated  coun- 
try, and  healthy  fitnation. — Here  are  about  200  houfes, 
2 Prefbyterian  churches,  a (lone  gaol,  a handfome 
court-houfe,  built  of  brick,  a paper  and  merchant  mill. 
It  is  58  miles  E.  by  S.  of  Bedford,  1 1 N.  W.  of  Ship- 
penfburg,  and  157  W.  of  Philadelphia.  N.  lat.  39. 
53.  W.  long.  77.  30. — Morse. 

CHAMBEEE  River  or  Sorell,  a water  of  the  St 
Lawrence,  ilfuing  from  lake  Champlain,  300  yards 
-TUnde  when  loweft.  It  is  Ihoal  in  dry  feafons  ; but  of 
fufficient  breadth  for  rafting  lumber,  &c.  fpring  and 
fail.  It  was  called  both  Sorell  and  Richlieu  when  the 
French  held  Canada. — ib. 

Chamblee  Forty  is  handfome  and  v/ell  built,  on 
the  margin  of  the  river  of  the  fame  name,  about  12  or 
15  miles  S.  W.  from  Montreal,  and  N.  of  St  John’s 
fort.  It  was  taken  by  the  Americans,  Oi5l.  20,  1775, 
and  retaken  by  the  Britilh,  Jan.  18,  1776.  N.  lat. 
4.5.  4.5. — ib. 

CHAMFER,  or  Chamferet,  an  ornament,  in  ar- 
chitedture,  ccnfifting  of  half  a fcotia ; being  a kind  of 
fmall  furrow  or  gutter  on  a column. 

CHAMPLAIN,  a lake  next  in  fize  to  lake  Onta- 
tario,  and  lies.  E.  N.  E.  from  it,  forming  a part  of  the 
dividing  line  between  the  ftates  of  New-York  and  Ver- 
mont. It  took  its  name  from  a French  governor,  who 
was  drowned  in  it.  It  was  before  called  Corlaer’s  Lake. 
Reckoning  its  length  from  Fairhaven  to  St  John’s,  a 
courfe  nearly  N.  it  is  about  200  miles ; its  breadth  is 
from  I to  18  miles,  being  very  different  in  different 
places  ; the  mean  width  is  about  5 miles ; and  it  occu- 
pies about  500,000  acres.  Its  depth  is  fufficient  for 
the  largefl  veffels.  There  are  in  it  above  fixty  iflands 
of  different  fizes ; the  moft  confiderable  are  North  and 
South  Hero,  and  MotteiHand.  North  Hero,  or  Grand 
I{]e,  is  24  miles  long  and  from  2 to  4 wide.  It  re- 
ceives at  Ticonderoga  the  waters  of  Lake  George  from 
the  S.  S.  W.  which  is  fair!  to  be  100  feet  higher  than 
the  waters  of  this  lake.  Half  the  rivers  and  dreams 
which  rife  in  Vermont  fall  into  it.  There  are  feveral 
whicli  come  to  it  from  New-York  date  and  fome  from 
Canada;  to  which  lad  it  fends  its  own  waters,  a N. 
courfe,  through  Sorell  or  Chamblee  river,  into  the 
St  Lawrence.  This  lake  is  well  dored  with  fifh  ; par- 
ticularly falmon,  falmon-trour,  durgeon  and  pickerel ; 
and  the  land  on  its  borders,  and  on  the  banks  of  its 
rivers,  is  good. 

The  rocks  in  feveral  places  appear  to  be  marked, 
and  ftained,  with  the  former  fur  face  of  the  lake,  ma- 
ny feet  higher  than  it  has  been  fince  its  difcovery  in 
1608.  The  waters  generally  rife  from  about  the  20th 
of  April,  to  the  20th  of  June,  from  4 to  6 feet ; the 
greated  variation  is  not  more  than  8 feet.  It  is  feldom 
entirely  fliut  up  with  ice,  until  the  middle  of  January.. 
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Between  the  6th  and  15th  of  April  the  Ice  generally  Chaniplaiii 
goes  off ; and  It  is  not  uncommon  for  many  fquare  H 
miles  of  it  to  difappear  in  one  day. — Morse. 

Champlain,  a townfhip  the  mod  northerly  in  Clin- 
ton CO.  New-York,  wffiich  takes  its  name  from  the  lake 
on  which  it  lies.  It  was  granted  to  fome  Canadian 
and  Nova-Scotia  refugees,  who  were  either  in  the  fer- 
vice  of  the  United  States,  during  the  war,  or  fled  to 
them  for  protedion.  The  indigence  or  ill  habits  of 
thefe  people  occafloned  the  breaking  up  of  the  fettle- 
ment ; and  a better  fet  of  inhabitants  have  now  taken 
their  place.  The  lands  are  fertile  ; and  two  rivers  run 
through  it,  w'ell  dored  with  fifh.  It  has  575  inhabit- 
ants, and  3 (laves.  By  the  date  cenfus  of  1796,  76  of 
the  inhabitants  are  eledors. — ib. 

CHAPPE  (Jean  d’Anteroche),  a French  adrono- 
mer,  was  born  at  Mauriac,  in  Auvergne,  March  2. 

1728.  A tade  for  drawing  and  mathematics  appear- 
ed in  him  at  a very  tender  age  ; and  he  owed  to  Dom 
Germain  a knowledge  of  the  fird  elements  of  mathe- 
matics and  adronomy.  M.  Caflini,  after  affuring  him- 
felf  of  the  genius  of  this  young  man,  undertook  to  im- 
prove it.  He  employed  him  upon  the  map  of  France, 
and  the  tranflation  of  Halley’s  tables,  to  which  he  made 
confiderable  additions.  The  king  charged  him  in  1753 
with  drawing  the  plan  of  the  county  of  Bltche,  in  Lor- 
raine, all  the  elements  of  which  he  determined  geogra- 
phically. He  occupied  himfelf  greatly  with  the  two 
comets  of  1760;  and  the  fruit  of  his  labour  was  his 
elementary  treatife  on  the  theory  of  thofe  comets,  en- 
riched with  obfervations  on  the  zodiacal  light,  and  on. 
the  aurora  borealis.  He  foon  after  went  to  Tobolflc,,. 
in  Siberia,  to  obferve  the  tranfit  of  Venus  over  the  fun  ; 
a journey  which  greatly  impaired  his  health.  After 
two  years  abfence  he  returned  to  France  in  1762, 
where  he  occupied  himfelf  for  fome  time  in  putting  in 
order  the  great  quantity  of  obfervations  he  had  made. 

M.  Chappe  alfo  went  to  obferve  the  next  tranfit  of  Ve- 
nus, viz.  that  of  1769,  at  California,  on  the  wed  fide 
of  North  America,  where  he  died  of  a dangerous  epi- 
demic difeafe,  the  id  of  Augud  1769.  He  had  been 
named  adjnnd  adronomer  to  the  academy  the  17th  of 
January  1759. 

The  publiffied  works  of  M.  Chappe,  ars,  i.  The 
Adronomical  Tables  of  Dr  Halley,  with  Obfervations 
and  Additions,  in  8vo,  1754.  2.  Voyage  to  Califor- 

nia, to  Obferve  the  Tranfit  of  Venus  over  the  Sun,  the 
3d  of  June  1769  ; in  410,  1772.  3.  He  had  a confi- 

derable number  of  papers  inferred  in  the  Memoirs  of 
the  Academy,  for  the  years  1760,  1761,  1764,  1765. 

1766,  1767,  and  1768;  chiefly  relating  to  adronomical 
matters. 

CH  APPEL-HILL,  a pod  town  in  Orange  co.  N. 

Carolina,  fituated  on  a branch  of  Newhope  creek,  which 
empties  into  the  N.  W.  branch  of  Cape  Fear  River. 

This  is  the  fpot  chofen  for  the  feat  of  the  Univerfity 
of  North-Carolina.  Few  houfes  are  as  yet  erecfted  ; but 
a part  of  the  public  buildings  were  in  fuch  forwardneff, 
that  dudents  were  admitted,  and  education  commenc- 
ed in  Jan.  1796.  The  beautiful  and  elevated  fcite  of 
this  town  commands  a pleafing  and  extend ve  view  of 
the  furrounding  country  ; 12  miles  S-  by  E,  of  Hillfi. 
borough,  and  472  S.  W.  of  Philadelphia.  N.  lat.  35. 

40.  W.  long.  79.  6. — ih. 

Universal  CHARaACTERS,.  could  they  be  intro- 
duced,, 
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Charaders,  duced,  would  contribute  fo  much  to  the  diffufion  of 
ufefui  knowledge,  that  every  attempt  to  make  fuch  a 
fcheme  finiple  and  pradiicable  is  at  leafl:  entitled  to  no- 
tice. Accordingly,  in  the  Encyclopedia,  under  the  word 
Character,  a (liort  account  is  given  of  the  principal 
plans  of  univerfal  characlers  which  had  then  fallen  un- 
der our  obfervation  ; but  fince  that  article  was  publifh- 
ed,  a new  method  of  writing,  by  wdiich  the  various 
nations  of  the  earth  may  communicate  their  fentiments 
to  each  other,  has  been  propofed  by  Thomas  Northmore, 
Efq  ; of  Queen- ftreet,  Mayfair.  It  bears  iome  lefem- 
blance  to  that  which  we  have  given  from  the  Journal 
Literaire,  1720,  but  it  is  not  the  fame;  and  of  the 
two,  Mr  Northmore’s  is  perhaps  the  moft  ingenious. 
The  ground-work  of  the  fuperftrudure  differs  not  in- 
deed from  that  of  the  journalift,  being  this  in  both, 

That  if  the  fame  numerical^«rf  be  made  to  repre- 
fent  the  fame  word  in  the  various  languages  upon  earth, 
an  univeifal  charadler  is  immediately  obtained.”  The 
only  objedlion  which  our  author  or  his  friends  faw  to 
fuch  a plan,  originates  in  the  diverfity  of  idioms  ; but, 
as  he  truly  obferves,  every  fchoolboy  has  this  difficulty 
to  encounter  as  often  as  he  conftrues  Terence. 

Such  then  was  Mr  Northmore’s  original  plan  : but  he 
foon  perceived  that  it  was  capable  of  confiderable  im- 
provement ; for,  inflead  of  ufing  a figure  for  every  word, 
it  will  be  neceffary  to  apply  one  only  to  every  ufful 
word  ; and  we  all  know  how  few  words  are  abfolutely 
neceffary  to  the  communication  of  our  thoughts.  Even 
thefe  may  be  much  abbreviated  by  the  adoption  of  cer- 
tain uniform  fixed  figns  (not  amounting  to  above  20), 
for  the  various  cafes,  numbers,  genders,  degrees  of 
comparifon,  of  nouns,  tenfes,  and  moods,  of  verbs, 
&c.  All  words  of  negation,  too,  may  be  exprelfed  by 
a prefixed  fign.  A few  inflances  will  beft  explain  the 
author’s  meaning. 

Suppofe  the  number  5 to  reprefent  the  w'ord  fee, 

6 — — a man, 

7 — — happy, 

8 — — never, 

9 _ _ /. 

“ I would  then  (fays  he)  exprefs  the  tenfes,  genders, 
cafes,  &c.  in  all  languages,  in  fome  fuch  uniform  manner 
as  following  : 


(0 

5 

— 

prefent  tenfe,  — 

fee, 

(2) 

•5 

perfeB  tenfe,  — 

faw, 

(3) 

:5 

= 

perfeSl  participle,  — - 

feen. 

(4) 

S'- 

= 

prefent  participle,  — 

feeing, 

(5) 

5- 

= 

future,  — — 

will  fee. 

(6) 

S_ 

— 

fibfantive,  — 

fight. 

(7) 

5_ 

= 

perfonal  fuhfantive,  — 

fpedator. 

(8) 

"6 

— 

nominative  cafe,  — 

a man, 

(9) 

• • 

6 

= 

genitive,  — — 

of  a man, 

(10) 

'6 

— 

dative,  — — 

to  a man, 

(lO 

feminine,  — — 

a woman, 

(I2)  + 6 

= 

plural,  — — 

men. 

(*3) 

7 

= 

poftive,  — — 

happy. 

(h) 

7 

comparative,  • — 

happier. 

M 

(15)  7 = fupsrlative, 

7 = as  above,  N°  6. 

(16)  — 7 = negation,  — 

From  the  above  fpecimen,  I fhould  find  no  difficul- 
ty In  comprehending  the  following  fentence,  though 
it  were  written  in  the  language  of  the  Hottentots ; 

A - — » 

9,  8,  .5,  — 7,  6.  / never  faw  a more  unhappy  woman. 

“ Thofe  languages  which  do  net  ufe  the  pronoun 
prefixed  to  the  verb,  as  the  Greek  and  Roman,  &c. 
may  apply  it,  in  a fmall  charafter,  fimply  to  denomi- 
nate the  perfon  ; thus,  inftead  of  9,  8,  .5,  I never  faw  ; 
they  may  write,  8,  p.5,  which  will  fignify  that  the  verb 
is  in  the  firft  perfon,  and  will  ftill  have  the  fame  mean, 
ing.” 

Our  author  feems  confident  that,  according  to  this 
fcheme  of  an  univerfal  character,  about  20  figns,  and 
lefs  than  10,000  chofen  words  (fynonyms  being  fet  a- 
fide),  would  anfwer  all  the  ends  propofed  ; and  that  fo- 
reigners, by  referring  to  their  numerical  didionary, 
would  eafily  comprehend  each  other.  He  proceeds 
next  to  (hew  how  appropriate  founds  may  be  given  to 
bis  figns,  and  an  univerfal  living  language  formed  from 
the  univerfal  charaSers. 

To  attain  this  end,  he  propofes  to  diftinguiffi  the  ten 
numerals  by  ten  monofyllabic  names  of  eafy  pronuncia- 
tion, and  fuch  as  may  run  without  difficulty  into  one 
another.  To  illuflrate  his  fcheme,  however,  he  calls 
them  for  the  prefent,  by  their  common  Engliffi  names  ; 
but  would  pronounce  each  number  made  ufe  of  by  ut- 
tering feparately  its  component  parts,  after  the  manner 
of  accountants.  Thus  let  the  number  6943  reprefent 
the  word  horfe,  he  would  not,  in  the  univerfal  language, 
call  a horfe  fix  thoufand  nine  hundred  and  forty  three,  but 
fx,  nine,  four,  three,  and  fo  on  for  all  the  words  of  a 
fentence,  making  the  proper  ftop  at  the  end  of  each. 
In  the  fame  manner,  a diftind  appellation  muft  be  ap- 
propriated to  each  of  the  prefixed  figns,  to  be  pronoun- 
ced immediately  after  the  numeral  to  which  it  is  an  ap- 
pendage. Thus  if  plu  be  the  appellation  or  the  fign  of 
the  plural  number,  fx,  nine,  four,  three,  plu  will  be 
horfes. 

“ Thus  (fays  our  author),  I hope,  it  is  evident  that 
about  30  or  40  diftind  fyllables  are  fufficient  for  the 
above  purpofe ; but  I am  much  miftaken  if  eleven  only 
will  not  anfwer  the  fame  end.  This  is  to  be  done  by 
fubftituting  the  firft  20  or  30  numerals  for  the  figns, 
and  faying,  as  in  algebra,  that  a term  is  in  the  power 
of  fuch  a number,  which  may  be  exprelfed  by  the  fim- 
ple  word  under.  Ex.  gr.  Let  6943  reprefent  the  word 
horfe  ; and  fuppofe  4 to  be  the  fign  of  the  plural  num- 
ber, I would  write  the  word  thus,  and  pro- 

nounce it,  fix,  nine,  four,  three,  in  the  power  of  or 
under  four.  By  thefe  means  eleven  diftind  appellati- 
ons would  be  fufficient,  and  time  and  ufe  would  much 
abbreviate  the  pronunciation.” 

To  refufe  the  praife  of  ingenuity  to  this  contrivance 
for  an  univerfal  language  would  be  very  unjnft ; but 
elocution  in  this  manner  would  be  fo  very  tedious,  that 
furely  the  author  himfelf,  when  he  thinks  more  coolly 
on  the  fubjed,  will  perceive,  that  in  the  living  fpeech 
its  defeds  would  more  than  balance  its  advantages.  A 
pangraph,  as  he  calls  his  univerfal  charader,  would  in- 
deed 


happleft, 

happinefs, 

unhappy, 


Chara 
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. i CJharle*  deed  be  ufeful,  and  is  certainly  pracfticable  ; a panleg  (if 
II  we  may  form  fuch  a word)  would  not  be  very  ufeful, 
^arleftw.  ^s^ere  much  more  perfect  than  it  could  be  made 

according  to  the  plan  before  us. 

CHARLES  River  in  Maflachufetts,  called  ancient- 
ly ^inobequin,  is  a confiderable  ftream,  the  principal 
branch  of  which  rifes  from  a pond  bordering  on  Hop- 
kinton.  It  pafTes  through  Hollifton  and  Bellingham, 
and  divides  Medway  from  Med  field,  Wrentham,  and 
Franklin,  and  thence  into  Dedham,  where,  by  a curi- 
ous bend,  it  forms  a peninfula  of  900  acres  of  land.  A 
ftream  called  Mother  Brook,  runs  out  of  this  river  in 
this  town,  and  falls  into  Neponfit  River,  forming  a na- 
tural canal,  uniting  the  two  rivers,  and  affording  a 
number  of  excellent  mill-feats.  From  Dedham  the 
courfe  of  the  river  is  northerly,  dividing  Newton  from 
Needham,  Wefton,  and  Waltham,  paffing  over  roman- 
tic falls;  it  then  bends  to  the  N.  E.  and  E.  through 
Watertown  and  Cambridge,  and  paffing  into  Bofton 
harbor,  mingles  with  the  waters  of  Myftic  River  at  the 
point  of  the  peninfula  of  Charleftown.  It  is  naviga- 
ble for  boats  to  Watertown,  7 miles.  The  moft  re- 
markable bridges  on  this  river  are  thofe  which  conned: 
Bofton  with  Charleftown  and  Cambridge.  There 
are  7 paper  mills  on  this  river,  befides  other  mills. 

, — ’■Morse, 

Charles  Co.  on  the  weftern  fhore  of  Maryland,  lies 
between  Potowmack  and  Patuxent  rivers.  Its  chief 
town  is  Port  Tobacco,  on  the  river  of  that  name.  Its 
extreme  length  is  28  miles,  its  breadth  34,  and  it  con- 
tains 20,6 13. inhabitants,  including  10,085  flaves.  The 
country  has  few  hills,  is  generally  low  and  fandy,  and 
produces  tobacco,  Indian  corn,  fweet  potatoes,  &c. 
— lb. 

Charles  City  Co.  in  Virginia,  lies  between  Chicka- 
hominy  and  James  rivers.  It  contained  formerly  part 
of  what  now  forms  Prince  George’s  co.  It  has  5588 
inhabitants,  including  3 141  flaves. — ib. 

Charles,  a cape  of  Virginia,  in  about  N.  lat.  37. 
15.  It  is  on  the  N.  fide  of  the  mouth  of  Chefapeak 
bay,  having  Cape  Henry  oppofite  to  it. — ib. 

Charles,  a cape  on  the  S.  W.  part  of  the  ftrait  en- 
tering into  Hudlon  Bay.  N.  lat.  62.  40.  W.  long.  75. 
15. — ib. 

CHARLESTON,  a diftrid  in  the  Lower  country 
of  S.  Carolina,  fubdivided  into  14  parifhes.  This  large 
diftrid,  of  which  the  city  of  Charlefton  is  the  chief 
town,  lies  between  Santee  and  Combahee  rivers.  It 
pays  2 1,473-14  6 fterling  taxes.  It  fends  to  the  ftate 
legiflature  48  reprefentatives  and  13  fenators,  and  i 
member  to  Congrefs.  It  contains  66986  inhabitants, 
of  whom,  only  16352  are  free. — ib. 

Charleston,  the  metropolis  of  S.  Carolina,  is  the 
moft  confiderable  town  in  the  ftate;  fituwted  in  the  dif- 
trid  of  the  fame  name,  and  on  the  tonsrue  of  land  form- 
ed  by  the  confluent  ftreams  of  Afhley  and  Cooper, 
which  are  fhort  rivers,  but  large  and  navigable.  Thefe 
waters  unite  immediately  below  the  city,  and  form  a 
fpacious  and  convenient  harbor ; which  communicates 
with  the  ocean  juft  bclotv  Sullivan’s  Ifland  ; which  it 
leaves  on  the  N.  7 miles  S.  E.  of  Charlefton.  In  thefe 
rivers  the  tide  rifes,  in  common.  About  6Jr  feet  ; but 
uniformly  rifes  10  or  12  inches  more  during  a night- 
tide.  The  fad  is  certain  ; the  caufe  unknown.  The 
continual  agitation  which  the  tides  occafion  in  the  W'a- 
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ters  which  almoft  furround  Charlefton — the  refrefiilng  Charlefton. 
fea-breezes  which  are  regularly  felt,  and  the  fmoke 
arifing  from  fo  many  chimneys,  render  this  city  more 
healthy  than  any  part  of  the  low  country  in  the  fouthern 
ftates.  On  this  account  it  is  the  refort  of  great  num- 
bers of  gentlemen,  invalids  from  the  W.  India  iflands, 
and  of  the  rich  planters  from  the  country,  who  come 


here  to  fpend  the  fickly  months,  as  they  are  called,  in 
queft  of  health  and  of  the  focial  enjoyments  which  the 
city  affords.  And  in  no  part  of  America  are  the  focial 
bleffings  enjoyed  more  rationally  and  liberally  than 
here.  Unaffeded  hofpitality — affability — eafe  of  man- 
ners and  addrefs — and  a difpofition  to  make  their 
guefts  w'elcome,  eafy  and  pleafed  with  themfelves,  are 
charaderiftics  of  the  refpedable  people  of  Charlefton. 
In  fpeaking  of  the  capital,  it  ought  to  be  obferved,  for 
the  honour  of  the  people  of  Carolina  in  general,  that 
when  in  common  with  the  other  colonies,  in  the  conteft 
with  Britain,  they  refolved  againft  the  ufe  of  certain 
luxuries,  and  even  neceffaries  of  life  ; thofe  articles, 
which  improve  the  mind,  enlarge  the  underftanding, 
and  corred  the  tafte,  were  excepted  ; the  importation 
of  books  was  permitted  as  formerly. 

The  land  on  which  the  town  is  built,  is  flat  and  low, 
and  the  water  brackifh  and  unwholefome.  The  ftreets 
are  pretty  regularly  cut,  and  open  beautiful  profpeds, 
and  have  fubterranean  drains  to  carry  off  filth  and  keep 
the  city  clean  and  healthy  ; but  are  too  narrow  for  fo 
large  a place  and  fo  warm  a climate.  Their  general 
breadth  is  from  35  to  66  feet.  The  houfes  which  have 
been  lately  built,  are  brick,  with  tiled  roofs.  The 
buildings  in  general  are  elegant,  and  moft  of  them  arc 
neat,  airy  and  well  furniflied.  The  public  buildings 
are,  an  exchange,  a ftate-houfe,  an  armoury,  a poor- 
heufe,  and  an  orphan’s  houfe.  Here  are  feveral  re- 
fpedable academies.  Part  of  the  old  barracks  has  been 
handfomely  fitted  up,  and  converted  into  a college, 
and  there  are  a number  of  ftudents  ; but  it  can  only  be 
called  as  yet  a refpedable  academy.  Here  are  two 
banks — a branch  of  the  national  bank,  and  the  S.  Caro- 
lina bank,  eftablifhed  in  1792.  The  houfes  for  public 
worfhip  are  two  epifcopal  churches,  two  for  Independ- 
ents, one  for  Scotch  Prefbyterians,  one  for  Baptifts, 
one  for  German  Lutherans,  two  for  Methodifts,  one 
for  French  Proteftants,  a meeting-houfe  for  Quakers,  a 
Roman  Catholic  chapel,  and  a Jewifti  fynagogue. 

Little  attention  is  paid  to  the  public  markets  ; a 
great  proportion  of  the  moft  wealthy  inhabitants  having 
plantations  from  which  they  receive  fupplies  of  almoft 
every  article  of  living.  The  country  abounds  with 
poultry  and  wild  ducks.  Their  beef,  mutton  and  veal 
are  not  generally  of  the  beft  kind  ; and  few  filh  are 
found  in  the  market. 

In  1787,  it  was  computed  that  there  were  1600 
houfes  in  this  city,  and  15,000  inhabitants,  including 
5,400  flaves  ; and  what  evinces  the  healthinefs  of  the 
place,  upwards  of  200  of  the  white  inhabitants  were 
above  60  years  of  age.  In  1791,  there  were  16,359 
inhabitants,  of  whom  7684  were  flaves.  This  city  has 
often  fuffered  much  by  fire,  the  laft  and  moft  deftruc- 
tive  happened  as  late  as  June,  1796, 

Charlefton  was  incorporated  in  1783,  and  divided 
into  three  wards,  which  chofe  as  many  wardens,  from 


among  whom 


the  citizens  eleifl:  an  intendant  of  the 
city.  The  Intendant  and  wardens  form  the  city-coun- 

L I cil. 
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ChailefLon  cil,  who  have  power  to  make  and  enforce  bye-laws  for 
0 the  regulation  of  the  city. 

c.n?riei-  value  of  exports  from  this  port,  in  the  year  end- 

ing  Nov.  1787,  amounted  to  505, 279- 19-5  fterling. 
The  number  of  velTels  cleared  from  the  cuflom-houfe 
the  fame  year,  was  947,  meafuring  62,118  tons;  735 
of  thefe,  meafuring  41,531  tons,  were  American  ; the 
others  belonged  to  Great-Britain,  Ireland,  Spain, 
France,  and  the  United  Netherlands.  In  the  year 
1794,  the  value  of  exports  amounted  to  3,846,392 
dollars.  It  is  60  miles  S.  W.  by  S.  of  Georgetown  ; 
150  E.  by  S.  of  Augufta  ; 497  S.  by  W.  of  Rich- 
mond ; 630  S.  W.  by  S.  of  Wafliington  city;  763  S. 
V7.  by  S.  of  Philadelphia  ; and  1 1 10  S.  W.  of  Bofton. 
The  light-houfe  lies  in  N.  lat.  32.41.  52.  White  Point 
at  the  S.  end  of  the  town,  N.  lat.  32.  44.  30.  W.  long. 
80.  39.  45. 

Knoxville,  the  capital  of  the  ftate  of  Tenneifee,  is 
much  nearer  to  this  than  to  any  fea-port-town  on  the 
Atlantic  Ocean.  A waggon  road  of  only  15  miles  is 
wanted  to  open  the  communication ; and  the  plan  is 
about  to  be  executed  by  the  ftate. — ib, 

CHARLESTOWN,  a poft-town  in  Cecil  co.  Ma- 
ryland, near  the  head  of  Chefapeak  bay  ; 6 miles  E. 
N.  E.from  the  mouth  of  Sufquehannah  River  ; lo  W. 
S.  W,  from  Elkton,  and  50  S.  W.  by  W.  from  Phila- 
delphia. Here  are  about  20  houfes,  chiefly  inhabited 
by  fifhermen  employed  in  the  herring  fifliery.  N.  lat. 
39.  34.— 

Charlestown,  a townfhip  in  Montgomery  co. 
New-York,  on  the  S.  fide  of  Mohawk  river,  about  32 
miles  W.  of  Schenedtady.  By  the  ftate  cenfus  of  1796, 
456  of  the  inhabitants  are  eleflors. — ib. 

Charlestown,  a townfhip  in  Mafon  co.  Kentucky  ; 
fituated  on  the  Ohio  at  the  mouth  of  Lauren’s  creek. 
It  contains  bat  few  houfes,  and  is  6 miles  N.  of  Wafh- 
ington,  and  60  N.  E.  of  Lexington.  N.  lat.  38.  43. 
-^ib. 

Charlestown,  a townfhip  in  Chefter  co.  Pennfyl- 
Tania. — ib. 

Charlestown,  a poft-town  in  Chefhire  co.  New- 
Hampfhire,  on  the  E.  fide  of  Connedficut  River  30 
miles  S.  of  Dartmouth  College  ; upwards  of  70  N.  of 
Northampton,  116  N.  of  W.  of  Bofton,  80  W.  by  N. 
of  Portfmouth,  and  341  N.  N.  E,  of  Philadelphia.  It 
was  incorporated  in  1753,  and  contains  90  or  ico 
houfes,  a Congregational  church,  a court-hcufe  and  an 
academy.  The  road  from  Bofton  to  Quebec  paftes 
through  this’ town.  N.  lat.  43.  16.  W.  long.  72.  19. 
A fmall  internal  trade  is  carried  on  here. — ib. 

Charlestown,  the  principal  town  in  Middlefex  co. 
MalTachufetts,  called  MiJhanjuun  by  the  aboriginal  inha- 
bitants, lies  N.  of  Bofton,  with  which  it  is  connedted 
by  Charles- River  Bridge.  The  town,  properly  fo  call- 
ed, is  built  on  a peninfula,  formed  by  Myftic  River  on 
^he  E.  and  a bay,  fetting  up  from  Charles-River,  on 
the  W.  It  is  very  advantageoufty  fituated  for  health, 
navigation,  trade,  and  manufaclures  of  almoft  all  the 
various  kinds.  A dam  acrofs  the  mouth  of  the  bay, 
which  fets  up  from  Charles-River,  would  afford  a great 
number  of  mill-feats  for  manufadtures.  Bunker’s, 
Breed’s,  and  Cobble  (now  Barrell’s)  hills,  are  cele- 
brated in  the  hiftory  of  the  American  Revolution. 
The  fecond  hill  has  upon  its  fummit  a monument  eredt- 
ed  to  the  memory  of  major  gen.  Warren,  near  the  fpot 


where  he  fell,  among  the  firft  facrifices  to  American  Charlel 
liberty.  The  brow  of  the  hill  begins  to  be  ornament- 
ed  with  elegant  houfes.  All  thefe  hills  afford  elegant  U I 
and  delightful  profpedls  of  Bofton,  and  its  charmingly 
variegated  harbor,  of  Cambridge  and  its  colleges,  and 
of  an  extenfive  tradl  of  highly  cultivated  country.  It  | 

contains  within  the  neck  or  parifh  about  250  houfes,  j 

and  about  2000  inhabitants.  The  only  public  build-  ' 

ings  of  confequence  are  a handfome  Congregational 
church,  with  an  elegant  fteeple  and  clock,  and  an  i 

alms-houfe,  very  commodious  and  pleafantly  fituated. 

Before  the  deftrudtion  of  this  town  by  the  Britlfti  in 
1775,  feveral  branches  of  manufadtures  were  carried  on 
to  great  advantage,  fome  of  which  have  been  fince  re- 
vived ; particularly  the  manufadlure  of  pot  and  pearl 
afhes,  fhip-building,  rum,  leather  in  all  its  branches, 
filver,  tin,  brafs,  and  pewter.  Three  rope-walks  have 
lately  been  eredled  in  this  town,  and  the  increafe  of  its 
houfes,  population,  trade,  and  navigation,  have  been 
very  great  within  a few  years  paft.  This  town  is  a 
port  of  entry  In  conjundtion  with  Bofton.  At  the  head 
of  the  neck  there  is  a bridge  over  Myftic  River  which 
connedfs  Charleftown  with  Malden. — ib. 

Charlestown,  a village  in  Berkley  co.  Virginia, 
fituated  on  the  great  road  leading  from  Philadelphia  to 
Winchefter  ; 8 miles  from  Shepherdftown,  and  20  from 
Winchefter. 

Charlestown,  a townfhip  in  Wafhington  co.  Rhode- 
Ifland  ftate,  having  the  Atlantic  ocean  on  the  Ibuth- 
ward,  and  feparated  from  Richmond  on  the  north- 
ward by  Charles-river,  a water  of  Pawcatuck.  Some 
of  its  ponds  empty  into  Pawcatuck  River,  others  Into 
the  fea.  It  Is  19  miles  N.  W.  of  New'port,  and  con- 
tains 2022  inhabitants,  including  12  flaves. 

A few  years  ago  there  were  about  500  Indians  in 
the  ftate  ; the  greater  part  of  them  refided  in  this  town- 
fhip. They  are  peaceable  and  well  difpofed  to  govern- 
ment, and  fpeak  the  Engllfh  language. — ib. 

Charlestown,  the  only  town  in  the  ifland  of  Nevis, 
one  of  the  Caribbees,  belonging  to  Great-Britain.  In 
it  are  large  houfes  and  well  furnithed  fliops,  and  it  is 
defended  by  Charles  fort.  In  the  parifh  of  St  John, 
on  the  S.  fide  of  the  town,  is  a large  fpot  of  fulphure- 
ous  ground,  at  the  upper  end  of  a deep  chafm  m the 
earth,’  commonly  called  Sulphur  Gut,  which  is  fo  hot 
as  to  be  felt  through  the  foies  of  one’s  fhoes.  A fmall 
hot  river,  called  the  Bath,  is  thought  to  proceed  from 
the  faid  gut ; and  after  running  half  a mile,  lofes  itfelf 
in  the  fands  of  the  fea.  Black-Rock  pond,  about  a 
quarter  of  a mile  N.  from  the  town,  is  milk-warm, 
owing  to  the  mixture  of  hot  and  cold  fprings,  yet  it 
yields  excellent  fifh  ; particularly  fine  eels,  filver  fifh, 
and  film  guts.  A prodigious  piece  of  Nevis  mountain 
falling  down  in  an  earthquake,  feveral  years  ago,  left 
a large  vacuity,  which  is  ftill  to  be  feen.  The  altitude 
of  this  mountain,  taken  by  a quadrant  from  Charlef- 
town bay,  is  faid  to  be  a mile  and  a half  perpendi- 
cular ; and  from  the  faid  bay  to  the  top,  four  miles. 

The  declivity  from  this  mountain  to  the  town  is  very 
fteep  half  way,  but  afterwards  eafy  of  afcent.  N.  iat. 

16.  55.  'W.  long.  62.  42. — ih. 

Charlestown,  or  OJiins,  one  of  the  four  prii^cipal 
tow..s  in  the  ifland  of  Barbadoes. — ib. 

CHARLETON  IJland,  or  Charles  Jjland,  is  fituat- 
ed at  the  bottom  of  James’s  bay,  in  New  South  Wales, 
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fjhErkton  on  the  coaft  of  Labrador,  and  yields  a beautiful  prof- 
P pe^»  in  fprlng,  to  thofe  who  are  near  it,  after  a voy- 
,harlott^.  jjgg  Qf  2 or  ^ months  in  the  mofl;  uncomfortable  feas 
on  the  globe,  and  that  by  the  vaft  mountains  of  ice  in 
Hudfon  bay  and  ftraits.  The  whole  ifland,  fpread 
with  trees  and  branches,  exhibits,  as  it  were,  a beauti- 
ful green  tuft.  The  air  even  at  the  bottom  of  the  bay, 
though  in  51  degrees,  a latitude  nearer  the  fiin  than 
London,  is  exceffively  cold  for  nine  months,  and  very 
hot  the  other  three,  except  on  the  blowing  of  a N.  W. 
wind.  The  foil  on  the  E.  fide,  as  well  as  the  W.  bears 
all  kinds  of  grain  ; and  fome  fruits,  goafeberries, 
ftrawberries,  and  dewbenies,  grow  about  Rupert’s 
bay.  N.  lat.  52.  30.  W,  long.  82. — ib. 

Charleton,  a tawnlhip  in  Saratoga  co.  New-York. 
By  the  (late  cenfus  of  1796,  268  of  its  inhabitants 
were  elediors. — ib. 

Charleton,  a townfiiip  in  Worcefter  co.  Mafiachu- 
fetts,  incorporated  in  1754,  and  until  then,  formed  the 
wefterly  part  of  Oxford.  It  is  60  miles  S.  W.  of  Bof- 
ton,  15  S.  W.  of  Worcefler,  and  contains  1965  inha- 
bitants. Quinebaugh  River  forms  fome  of  its  rich  in- 
tervale lands,  and  furnilhes  excellent  mill  feats  for  this, 
and  many  adjacent  towns. — ib. 

CHARLOTTE  Fort,  in  S.  Carolina,  is  fituated 
on  the  point  of  land  where  Tugeloo  and  Broad  rivers, 
uniting  their  waters,  form  Savannah  River.  Accor- 
ding to  Bartram,  it  is  one  mile  below  Fort  James, 
Dartmouth.  N.  lat.  34.  W.  long.  82.  35. — ib. 

Charlotte  Haven,  lies  at  the  mouth  of  Charlotte 
River  in  E.  Florida ; having  Carlos  bay  on  the  S.  and 
Rock  Pc'int  on  the  northward.  N.  lat.  27.  W.  long. 
82.  40.  Charlotte  River  is  fed  by  Spiritu  Santo  La- 
goon, which  communicates,  by  Delaware  River  with 
Chatham  or  Punjo  bay,  which  is  90  miles  S.  E.  from 
Charlotte  Haven. — ib. 

Charlotte,  a confiderable  townfiiip  on  the  E.  fide 
of  Lake  Champlain,  and  the  S.  weftemmofl  in  Chitten- 
den co.  Vermont.  Shelburne  on  the  N.  feparates  this 
town  from  Burlington.  It  contains  635  inhabitants. 
Split  Rock,  in  Lake  Champlain,  lies  off  this  town. 

Charlotte  Co.  in  Virginia,  lies  S.  W.  of  Rich- 
mond, on  the  head  waters  of  Staunton  River,  and  con- 
tains 10,078  inhabitants,  including  4,816  flaves.  The 
court-houfe  is  21  miles  S.  S.  W.  of  Prince  Edward 
court-houfe,  and  379,  about  the  fame  courfe,  from 
Philadelphia. — ih. 

Charlotteburg,  a town  In  Brunfwick  co.  N.  Ca- 
rolina, It  ftands  on  an  ifiand,  and  has  an  inlet  and 
found  of  the  fame  name,  a little  S.  of  it. — ib. 

Charlotte,  or  CharlottefviUe,  a poft-town  in  Salif- 
bury  diftridt,  N.  Carolina,  and  chief  town  of  Mecklen- 
burg co.  fituated  on  Steel  creek,  which  joins  the  Su- 
gaw,  and  falls  into  Catabaw  River  about  10  miles  N. 
of  the  S.  Carolina  boundary,  and  4.^  S.  of  Salifbury. 
Here  are  about  40  houfes,  a court-houfe  and  gaol. 
—ib. 

Charlottesville,  the  capital  of  Albemarle  co.  in 
Virginia,  lies  on  the  poft  road  from  Richmond  to  Dan- 
ville, in  Kentucky,  86  miles  W.  N.  W.  of  the  former, 
and  557  eaftward  of  the  latter,  and  40  S.  E.  by  E.  of 
Staunton.  It  contains  about  45  houfes,  a court-houfe 
and  a goal,  fituated  about  half  a mile  N.  from  a wa- 
ter of  Rivanna  river. — ib. 

Charlotte  Tovm,  the  capital  of  the  ifiand  of  St 


John’s,  in  the  gulf  of  St  Lawrence.  Alfo,  the  name 
of  a town  on  the  S.  W.  fide  of  the  ifiand  of  Dominica, 
in  the  W.  Indies ; and  fituated  on  the  S.  fide  of  a deep 
bay. — ib. 

CHARLOTIA,  a town  on  the  E.  fiiore  of  St 
John’s  Riv’^er,  Eafi  Florida,  where  that  river  is  about 
half  a mile  wide.  It  was  founded  by  Den.  Rollc, 
Efq.  and  is  fituated  on  a high  bluff,  15  or  20  feet  per- 
pendicular from  the  river;  and  is  in  length  half  a mile, 
or  more.  The  aborigines  of  America  had  a very  great 
town  in  this  place,  as  appears  from  the  great  tumuli 
and  conical  mounts  of  earth  and  Ihells,  and  other  tra- 
ces of  a fettlement  which  yet  remain.  The  river,  for 
near  12  miles  above  Charlotia,  is  divided  into  many 
channels  by  a number  of  iflands. — ib. 

CHARTRES,  a fort  which  was  built  by  the  French, 
on  the  eaftern  fide  of  the  Miflifiippi,  3 miles  noitheily 
of  La  Praire  du  Rocher,  or  the  Rock  Meadows,  and 
12  miles  northerly  of  St  Genevieve,  on  the  weftern 
fide  of  that  river.  It  was  abandoned  in  1772,  being 
untenable  by  the  conftant  wafiiings  of  the  Mifiiffippi  in 
high  floods.  The  village  fouthward  of  the  fort  was 
very  inconfiderable  in  1778.  A mile  above  this  is  a 
village  fettled  by  170  warriors  of  the  Piorias  and 
Mitchigamias  tribes  of  Illinois  Indians,  who  are  idle 
and  debauched. — ib. 

CHATHAM,  a maritime  townfiiip  in  Barnftable 
co.  Maffachufetts,  fituated  on  the  exterior  extremity  of 
the  elbow  of  Cape  Cod,  conveniently  for  the  fifiiery  ; 
in  which  they  have  ufually  about  40  vefl'els  employed. 
It  has  1140  inhabitants,  and  lies  95  miles  S.  E.  cf 
Bofton. — ib. 

Chatham,  a townfiiip  in  Grafton  co.  Kevv-Hamp- 
fiilre.  It  was  incorporated  in  1767,  and  in  1790  con- 
tained 58  inhabitants. — ib. 

Chatham,  a flourifiiing  townfiiip  in  MIddlefex  co^ 
Connefficut,  on  the  eaftern  bank  of  Connedlicut  River 
and  eppofite  Middleton  city.  It  was  a part  of  the 
townfiiip  of  Middleton  till  1767. — ib. 

Chatham,  a townfhip  in  Effex  co.  N.  Jerfey,  Is  fitu- 
ated on  Paffaic  River,  1 3 miles  W.  of  Elizabethtown, 
and  nearly  the  fame  from  Newark. — ib. 

Chatham,  a townfiiip  In  Columbia  co.  New-York. 
By  the  ftate  cenfus  cf  1796,  380  of  its  inhabitants 
were  eledlors. — ib. 

Chatham  Co.  in  Hillfborough  diftrifl,  N.  Carolina, 
about  the  centre  of  the  ftate.  It  contains  9221  inha- 
bitants, of  whom  1632  are  flaves.  Chief  town,  Pittf- 
burg.  The  court-houfe  is  a few  miles  W.  of  Raleigh, 
on  a branch  of  Cape  Fear  river. — ib. 

Chatham,  a town  of  S.  Carolina,  in  Cheraws  dif- 
triff,  fituated  in  Chefterfield  co.  on  the  W.  fide  of 
Great  Pedee  River.  Its  fituation,  in  a highly  cuhivat- 
ed  and  rich  country,  and  at  the  head  of  a naviga- 
ble river,  bids  fair  to  render  it  a place  of  great  import- 
ance. At  prefent  it  has  only  about  30  houfes,  lately 
built. — ib. 

Chatham  Co.  in  the  lower  dlftrift  of  Georgia,  lies 
in  the  N.  E.  corner  of  the  ftate,  having  the  Atlantic 
ocean  E.  and  Savannah  river  N.  E.  It  contains  10,769 
inhabitants,  including  8,201  flaves.  The  chief  town 
is  Savannah,  the  former  capital  of  the  ftate. — ih. 

Chatham,  or  Punjo  bay,  a large  bay  on  the  W.  fide 
of  the  S.  end  of  the  promontory  of  E.  Florida.  It  re- 
ceives North  and  Delaware  rivers. — ib. 
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Chatham  Chatham  Hoafe,  in  the  territory  of  the  Hudfon  bay 
II  company,  N.  lat.  55.  23.  40.  W.  Ion?,  from  Green- 
wich  98 ^ 

CHATA-HATCHI,  or  Hatchi,  is  the  larged  river 
which  falls  into  St  Rofe’s  bay  in  W.  Florida.  It  is  alfo 
called  Pea  river,  and  runs  from  N.  E.  entering  the  bottom 
of  the  bay  through  feveral  mouths ; but  fo  ftioal  that 
only  a fmall  boat  or  canoe  can  pafs  them.  Mr  Hut- 
chins afcended  this  river  about  25  leagues,  where  there 
was  a fmall  fettlement  of  Couflac  Indians.  The  foil 
and  timber  on  the  banks  of  the  river  refemble  very 
much  thofe  of  Efcambia. 

CHATAUCHE,  or  Chatahuthe,  a rivxr  in  Georgia. 
The  northern  part  of  Appalachicola  river  bears  this 
name.  It  is  about  30  rods  wide,  very  rapid,  and  full 
of  ftioals.  The  lands  on  its  banks  are  light  and  fandy, 
and  the  clay  of  a bright  red.  The  Lower  Creeks  are 
fettled  in  fcattering  clans  and  villages  from  the  head 
to  the  mouth  of  this  river.  Their  huts  and  cabins, 
from  the  high  colour  of  the  clay,  refem.ble  cluders  of 
new-burned  brick  kilns.  The  didance  from  this  river 
to  the  Talapoofe  River  is  about  70  miles,  by  the  war- 
path, which  croffes  at  the  falls,  jud  above  the  town  of 
the  Tuckabatches. — ib. 

CHATAUGHQUE  Lake,  in  Ontario  co.  New- 
York,  is  about  18  miles  long,  and  3 broad.  Cone- 
wango  River  which  runs  a S.  S.  E.  courfe,  conneds  it 
with  Alleghany  River.  This  lake  is  conveniently  fitu- 
ated  for  a communication  between  lake  Erie  and  the 
Ohio  ; there  being  water  enough  for  boats  from  fort 
Franklin  on  the  Alleghany  to  the  N.  W.  corner  of  this 
lake  ; from  thence  there  is  a portage  of  9 miles  to 
Chataughque  harbor  on  lake  Erie,  over  ground  capa- 
ble of  being  made  a good  waggon  road.  This  com- 
munication was  once  ufed  by  the  French. — ib. 

CHAUMETTE  (Pierre  Gafparine),  though  a man 
of  talents  and  an  author,  would  hardly  have  deferved  a 
place  in  this  work,  did  not  his  life  and  the  manner  of 
his  death  hold  out  an  awful  warning  againd  thofe  prin- 
ciples which  produced  the  overthrow  of  focial  order  in 
France. 

He  was  a native  of  the  tow'n  of  Nevers,  in  the  Orlea- 
nois ; and  as  he  rofe  to  the  office  of  recorder  in  Paris, 
few  men  excited  more  attention  in  France  for  a time,  or 
had  a more  hateful  tafk  to  perform,  during  the  mod 
tragical  part  of  the  revolution,  than  Chaumette.  He 
had  been  bred  to. the  fea  ; but  not  relifhing  that  life,  and 
failing  to  obtain  expe6fed  preferment  therein,  he  quit- 
ted it,  and  lived  by  the  ufe  of  his  pen,  which  he  cer- 
tainly knew  how  to  manage  more  to  his  profit  than  the 
compafs.  He  could,  however,  fpeak  better,  and  more 
fluently,  than  he  could  w'rite.  He  had  alfo  been  em- 
ployed as  a librarian  and  amanuenfis  to  a dignitary  of 
the  church,  in  the  diocefe  of  Nivernois  ; but  at  the  com- 
mencement of  the  troubles  in  France,  he  was  adually  a 
clerk  to  an  attorney,  and  occafionally  wrote  for  the 
newfpapers,  as  w'ell  as  trifles  for  the  dage.  He  was 
one  of  the  chief  difciples  of  Camille  Defmoulins,  and 
among  the  fird  w’ho  put  the  tri-coloured  cockade  in  his 
hat  jud  before  the  taking  of  the  Badille.  He  greatly 
out-ran  that  apodle  m zeal  for  the  new  faith  ; for  when 
Camille  was  compofing  the  fird  number  of  his  Vieux 
Cordelier,  with  the  hope  of  tranquillifing  the  overheated 
imaginations  of  the  leaders  of  that  great  event,  and  tem- 


pering the  public  rage  againd  the  real  or  fuppofed  ene-  Chaumett(| 
mies  of  the  new  order  of  things,  Chaumette  was  dill 
farther  inflaming  it,  and  direding  it  in  vengeance 
againd  particular  individuals.  It  was  Chaumette  that 
indigated  the  commune  of  Paris  to  demand  the  trial  of 
the  queen,  and  he  was  of  the  committee  which  prepar- 
ed the  charges  and  regulated  the  evidence  againd  that 
ill-fated  woman.  He  was  himfelf  a witnefs  too  againd 
her  at  the  revolutionary  tribunal,  and  undertook  to  re- 
primand M.  la  Tour  Dupin,  lately  war  minider  to 
Louis  XVI.  for  not  expofing  thofe  parts  of  Antoi- 
nette’s condud,  which,  it  w'as  infided  on,  he  was  privy 
to  or  acquainted  w ith. 

The  mod  infamous  part  of  Chaumette’s  condud  on 
that  occafion  was  his  accufing  the  queen  of  an  incedu- 
ous  connedion  with  herfon.  Even  the  horrid  tribunal 
w'as  (hocked  at  this  infinuation,  of  which  the  author 
became  indantly  the  objed  of  almod  univerfal  abhor- 
rence ; and  Robefpierre  himfelf,  under  w'hofe  aufpices 
Chaumette  was  believed  to  ad,  grew  outrageous  when 
he  was  told  of  a charge  fo  fcandaloufly  abfurd.  “ The 
fool  (exclaimed  he)  was  it  not  enough  that  he  had 
proved  her  a Meflalina,  but  he  mud  make  her  an  A- 
grippina  too  !”  Of  proof  indeed  there  was  not  much  ; 
and  the  fevered  enemy  of  the  beautiful  Antoinette,  if 
his  mind  be  not  wholly  warped  by  prejudice,  will  ad- 
mit, that  by  thefe  brethren  in  iniquity  (he  was  murder- 
ed under  the  form  of  a revolutionary  trial. 

Robefpierre  had  fenfe  enough  to  fee  that  this  abomi- 
nable condud  of  Chaumette  would  hurt  the  caufe  in 
which  they  were  both  embarked  ; and  for  that  reafon 
he  never  forgave  him,  though  he  allowed  the  zeal  to 
continue  to  operate  on  inferior  objeds,  till  it  whelmed 
the  zealot  himfelf  in  ruin.  Chaumette  had  credit  now 
with  none  but  the  very  feum  of  the  revolution  ; and 
fuch  recrementitious  matter  will  always  be  thrown  off 
in  national  ebullitions  of  this  kind. 

Robefpierre  was  at  this  time  in  the  very  zenith  of 
his  pow'er,  yet  Chaumette  moved  fuch  a propofition  in 
the  full  commune,  as  gave  reafon  to  many  to  believe 
that  he  would  fet  up  as  his  rival  in  the  city.  This  da- 
ring motion  w'as  for  uniting  all  the  heads  of  the  48  flec- 
tions of  Paris  in  one  council ; a meafure  that  would 
have  fuperfeded  the  force  of  the  Icgiflature  itfelf,  if  not 
its  authority.  This  was  a projed,  conceived  in  com- 
mon with  the  famous  Hebert,  Momora,  and  Mazuel, 
and  would  have  been  aided  in  its  execution  by  the  da- 
ring Roufin,  who  at  that  time  commanded  a body  of 
the  armee  revolutionaire. 

How  far  Robefpierre  w'as  apprifed  of  or  approved 
the  fcheme,  does  not  appear ; many  (hrewd  obfervers 
of  what  was  pafllng,  ftemed  latisfied  that  it  was  to 
have  been  only  a prelude  “ to  the  (welling  ad”  that 
was  to  follow,  when  the  hero  of  the  piece  w'as  to  have 
been  in  full  play.  The  majority  of  the  conventi.m  faw 
through  the  veil  which  covered  the  workings  of  the 
plot,  and  anticipated  their  own  danger,  (houid  it  be  car- 
ried into  effed.  They,  therefore,  without  lofs  of  time, 
annulled  the  proceedings  already  had  In  it,  and  declar- 
ed all  to  be  rebels  w'ho  (houid  perfiit  therein.  Chau- 
mette appeared  to  put  a good  face  on  the  corredion. 

He  told  the  commune,  on  its  next  meeting,  that  his  pro- 
pofition muft  be  relinquilhed  ; for  that  the  convention, 
with  a voice  paternal,  though  fevere,  had  (lamped  with 
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with  all  on?  manufaclures  ; The  glafs-blower,  the  pot- 
ter, the  fmith,  and  every  other  worker  in  metals,  the 
tanner,  the  foap-maker,  the  dyer,  the  bleacher,  are  real- 
ly pra6tical  chemitts;  and  the  moll:  elTential  improve- 
ments have  been  introduced  into  all  ihefe  arts  by  the 
progrefs  which  chemillry  has  made  as  a fcience.  Agri- 
culture can  only  be  improved  rationally,  and  certainly 
by  calling  in  the  affiftance  of  chemillry ; and  the  ad- 
vantages which  medicine  has  derived  from  the  fame 
fource  are  too  obvious  to  be  pointed  out. 

It  is  evident  from  the  definition  of  chemiflry  that  it 
muft  confift  in  a hiftory  of  the  fimple  fubftances  which 
enter  into  the  compofition  of  bodies,  in  an  invefligation 
of  the  manner  in  which  thefe  fubftances  combine,  and 
in  a defcription  of  the  properties  cf  the  compounds 
which  they  form.  And  this  is  the  arrangement  which 
we  mean  to  purfue  ; referving  to  onrfelves,  however, 
the  liberty  of  deviating  a little  from  it,  w'henever  it  may 
appear  neceifary  for  the  fake  of  perfpicuity.  All  our 
claffifications  are  in  faff  artificial ; nature  does  not  know 
them,  and  will  not  fubmit  to  them.  They  are  ufeful, 
however,  as  they  enable  us  toleain  a fcience  fooner,  and 
to  remember  it  better ; but  if  we  mean  to  derive  thefe 
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advantages  from  them,  we  muft  renounce  a rigid  adhe- 
rence to  arbitrary  definitions,  which  nature  difclaims. 

We  fhall  begin  by  an  account  of  the  fimpleft  bodies, 
and  proceed  gradually  to  rhofe  which  are  more  com- 
pound. By  fimple  bodies,  we  do  not  mean  what  the  an- 
cient philolophers  called  the  elements  of  bodies,  but  mere- 
ly fubfiances,  which  have  not  yet  been  decompounded. 
Very  pofllbly  the  bodies  which  we  reckon  fimple  may 
be  real  compounds ; but  till  this  has  adfually  been  prov- 
ed, w'e  have  no  right  to  fuppofe  it.  "Were  we  acquaint- 
ed with  all  the  elements  of  bodies,  and  with  all  the 
combinations  of  which  thefe  elements  are  capable,  the 
fcience  of  chemiflry  would  be  as  perfedl  as  poffible  ; but 
at  prefent  this  is  very  far  from  being  the  cafe. 

We  fhall  divide  this  article  into  four  parts.  The  ftji 
part  fhall  treat  of  thofe  bodies  which  are  at  prefent  con- 
fidered  as  fimple  ; the  fecond,  of  thofe  bodies  which  are 
formed  by  the  union  of  tw’o  fimple  bodies,  and  which, 
for  want  of  a better  word  we  fhall  call  compound  bodies  ; 
tire  third,  of  thofe  bodies  which  are  formed  by  the  union 
of  two  compound  bodies  ; and  the  fourth,  of  bodies 
fuch  as  they  are  prefented  to  us  by  nature  in  the  mine- 
ral, vegetable,  and  animal  kingdoms. 
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Part  I.  Of  SIMPLE  BODIES,  (i) 


Claffes  of  A LL  the  bodies  which  are  at  prefent  reckoned  fim- 
fimple  bo-  pie,  becaufe  they  have  never  been  decompounded, 

dies.  bj  reduced  into  fix  clalfes. 

1.  Oxygen,  4.  Earths, 

2.  Simple  combuftibles,  5.  Caloric, 

3.  Metals,  6.  Light. 

Thefe  fhall  form  the  fubjeds  of  the  fix  following 

chapters. 

Chap.  I.  Of  Oxygen. 

Plate.  Take  a quantity  of  nitre,  or  faltpetre  as  it  is  alfo 
XVllI.  called,  and  put  it  into  a gun  barrel  A (fig.  i.),  the 
touch-hole  of  which  has  been  previoufly  doled  up  with 
Method  of  tnetal.  This  barrel  is  to  be  bent  in  fuch  a manner, 
procuring  that  while  the  clofe  end,  in  which  the  nitre  lies,  is  put 
oxygen.  into  the  fire  E,  the  open  end  may  be  plunged  below  the 
furface  of  the  water,  with  which  the  vefi’el  B is  filled. 
At  the  fame  time,  the  glafs  jar,  D,  previoufly  filled  with 
water,  is  placed  on  the  fupport  C,  lying  at  the  bottom 
of  the  vefi’el  of  water  B,  fo  as  to  be  exadly  over  the 
open  end  of  the  gun  barrel  A.  As  foon  as  the  nitre 
becomes  hot,  it  emits  a quantity  of  air,  which  iffuing 
from  the  end  of  the  gun  barrel,  afeends  to  the  top  of 
the  glafs  jar  D,  and  gradually  difplaces  all  the  water. 
The  glafs  jar  D then  appears  to  be  empty,  but  Is  In  fad 
filled  with  air.  It  may  then  be  removed  in  the  follow- 
ing manner;  Slide  it  away  a little  from  the  gun  barrel 
and  the  fupport,  and  then  dipping  any  flat  difli  into  the 
water  below  it,  raife  it  on  it,  and  bear  it  away.  The 
difh  muft  be  allowed  to  retain  a quantity  of  water  in  it, 


(fee  fig.  2.)  Another  jar  may  then  be  filled  with  air 
in  the  fame  manner;  and  this  procefsmay  be  continued 
either  till  the  nitre  ceafes  to  give  out  air,  or  till  as  ma- 
ny jarfuls  have  been  obtained  as  are  required.  This 
method  of  obtaining  and  confining  air  was  firft  Invent- 
ed by  Dr  Mayow,  and  afterwards  much  improved  by 
Dr  Hales.  All  the  airs  obtained  by  this  or  any  other 
procefs,  or,  to  fpeak  more  properly,  all  the  airs  differ- 
ing from  the  air  of  the  atmofphere,  have,  in  order  to 
dillinguifh  them  from  it,  been  called  gafes,  and  this 
name  we  fhall  afterwards  employ.  5 

The  gas  which  we  have  obtained  by  the  above  pro-  Difeoven  f 
cefs  was  difeovered  by  Dr  Prieftley  on  the  iftof  Au-byPrieftl  <1 
guft  1774,  and  called  by  \i\ra.  dephlogi floated  air.  Mr 
Scheele  of  Sweden  difeovered  it  in  1775,  without  any 
previous  knowledge  of  what  Dr  Prieftley  had  done  : he 
gave  it  the  name  of  empyreal  air.  Condorcet,  fo  con- 
fpicuous  during  the  French  revolution,  gave  it  firft  the 
name  of  mtal  air  ; and  Mr  Lavoifier  afterwards  called 
it  oscygen  gas  ; a name  which  is  now  generally  received, 
and  which  we  fhall  adopt. 

Oxygen  gas  may  be  obtained  llkewife  by  the  follow- 
ing procefs : 

D (in  fig.  3.)  reprefents  a wooden  trough,  the  infide 
of  which  Is  lined  with  lead  or  tinned  copper.  AB  is  a 
fhelf  running  along  the  infide  of  it,  about  three  inches  ^ 
from  the  top.  C is  the  cavity  of  the  trough,  which  Another 
ought  to  be  a foot  deep.  It  is  to  be  filled  with  water  method, 
at  lead  an  inch  above  the  flielf  AB.  In  the  body  of 
the  trough,  which  may  be  called  the  ciftern,  the  jars 
deftined  to  hold  gas  are  to  be  filled  with  water,  and  then 
to  be  lifted,  and  placed  inverted  upon  the  fhelf  at  B, 

with 


( I ) The  writer  of  the  notes  figned  T.  P.  S.  confiders  himfelf  refponfible  for  no  other  errors  contained  in 
this  fyftem  of  chemiflry  than  thofe  contained  in  his  own  notes.  From  a number  of  circumftances  he  was  un- 
der the  necefiity  of  reading  this  work  fo  curforily,  that  probably  many  dedudlions  which  on  more  mature  con- 
fideration  he  might  have  objeded  to,  may  have  paffed  unnoticed.  T.  P.  S. 
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with  their  edges  a little  over  it.  This  trough,  which 
v/as  invented  by  Dr  Prieftley,  has  been  called  by  the 
French  chemills  the  pneumato  chemical,  or  fimply  pneu- 
matic apparatus,  and  is  extremely  ufeful  in  all  experi- 
ments  in  which  gafes  are  concerned.  Into  the  glafs 
veflel  E put  a quantity  of  the  black  oxyd  (a)  of  man- 
ganefe  in  powder,  and  pour  over  it  as  much  of  that 
liquid  which  in  commerce  is  called  oil  of  vitriol,  and  in 
chemiftry  fulphuric  acid,  as  will  fomewhat  more  than 
cover  it.  Then  infert  into  the  mouth  of  the  veffel  the 
glafs  tube  F,  fo  clofely  that  no  air  can  efcape  except 
through  the  tube.  This  may  be  done  by  covering  the 
joining  with  a pafte  made  of  wheat  flour  and  water,  or 
any  other  lute,  as  fubftances  ufed  for  fimilar  purpefes 
are  called.  The  end  of  the  tube  C is  then  to  be  plunged 
into  the  pneumatic  apparatus  D and  the  jar  G,  previ- 
oufly  filled  with  water,  to  be  placed  over  it  on  the  fhelf. 
The  whole  apparatus  being  fixed  in  that  fituation,  the 
glafs  veflel  E is  to  be  heated  by  means  of  a lamp  or  a 
candle.  A great  quantity  of  oxygen  gas  rufhes  along 
the  tube  F,  and  fills  the  jar  G.  As  foon  as  the  jar  is 
filled,  it  may  be  Aid  to  another  part  of  the  fhelf,  and 
other  jars  fubftituted  in  its  place,  till  as  much  gas  has 
been  obtained  as  is  wanted. 

1.  Oxygen  gas  is  colourlefs,  and  invifible  like  com- 
mon air.  Like  it  too,  it  is  elaftic,  and  capable  of  in- 
definite expanfion  and  compreffion. 

2.  If  a lighted  taper  be  let  down  into  a jar  of  oxy- 
gen gas,  it  burns  with  fuch  fplendcr  that  the  eye  can 
fcarcely  bear  the  glare  of  light,  and  at  the  fame  time 
produces  a much  greater  heat  than  when  burning  in 
common  air.  It  is  well  known  that  a candle  put  into  a 
well  clofed  jar  filled  with  common  air  is  extinguifhed  in 
a few  feconds.  This  is  the  cafe  alfo  with  a candle  in- 
clofed  in  oxygen  gas  ; but  it  burns  much  longer  in  an 
equal  quantity  of  that  gas  than  of  common  air. 

3.  It  was  proved  long  ago  by  Boyle,  that  animals 

cannot  live  without  air,  and  by  Mayow  that  they  can- 
not breathe  the  fame  air  for  any  length  of  time  without 
fuffocatlon.  Br  Prieftley  and  feveral  other  philofophers 
have  fhewn  us,  that  animals  live  much  longer  in  the 
fame  quantity  of  oxygen  gas  than  of  common  air. 
Count  Morozzo  placed  a number  of  fparrows,  one  after 
another,  in  a glafs  bell  filled  with  common  air,  and  in- 
verted over  water.  H.  M. 

The  firft  fparrow  lived  - - 3 o 

The  fecond  - - - - 03 

The  third  - - - - 01 

He  filled  the  fame  glafs  with  oxygen  gas,  and  re- 
peated the  experiment. 


H.  M. 


The  firft  fparrow  lived 

» 

• 

5 23 

The  fecond 

• 

.. 

• 

• 

2 10 

The  third 

• 

. 

I 30 

The  fourth 

• 

• 

• 

I 10 

The  fifth 

• 

. 

• 

0 30 

The  fixth 

• 

• 

• 

0 47 

The  feventh 

- 

. 

• 

0 27 

The  eighth 

. 

- 

- 

• 

0 30 

The  ninth 

. 

. 

• 

• 

0 22 

The  tenth 

- 

- 

- 

0 21 

He  then  put  in  two  together  ; the  one  died  in  20  mi- 
nutes, but  the  other  lived  an  hour  longer. 

4.  Atmofpherical  a-r  contains  about  27  parts  in  the  Exifts  in 
hundred  of  oxygen  gas.  This  was  firft  difeovered  by  the  atmof- 
Scheele.  It  has  been  proved  by  a great  number  of  ex-  pbere. 
periments,  that  no  fubftance  will  burn  in  common  air 
previoufly  deprived  of  all  the  oxygen  gas  which  it  con- 
tained ; but  combuftlbles  burn  with  great  fplendor  in 
oxygen  gas,  or  in  other  gafes  to  which  oxygen  gas  has 

been  added.  Oxygen  gas,  then,  is  abfolutely  necefiary 
for  combuftion. 

5.  It  has  been  proved  alfo,  by  many  experiments,  that 
no  breathing  animal  can  live  for  a moment  in  any  air  or 
gas  which  does  not  contain  oxygen  mixed  with  it. 

Oxygen  gas  then  is  abfolutely  necelTary  for  refpiration. 

6.  When  fubftances  are  burnt  in  oxygen  gas,  or  in 
any  other  gas  containing  oxygen,  if  the  air  be  examined 
after  the  combuftion,  a great  part  of  the  oxygen  wall  be 
found  to  have  difappeared.  If  charcoal,  for  inftance, 
be  burnt  in  oxygen  gas,  there  will  be  found,  inftead  of 
part  of  the  oxygen,  another  very  different  gas,  known 
by  the  name  of  carbonic  acid  gas.  Exaflly  the  fame 
thing  takes  place  when  air  is  refpired  by  animals ; part 
of  the  oxygen  gas  difappears,  and  its  place  is  occupied 
by  fubftances  pofleffed  of  very  different  properties. 

Oxygen  gas  then  undergoes  fome  change  during  com- 
buftion, as  well  as  the  bodies  which  have  been  burnt; 
anti  the  fame  obfervation  applies  alfo  to  refpiration  ( b ). 

7.  Thefpecific  gravity  of  oxygen  gas,  as  determined  jj.g  fpedfic 
by  Mr  Kirwan*,  is  0,00135,  that  of  water  being  gravity. 
1,0000,  as  is  always  the  cafe  when  fpecific  gravity  is  * On  Phh^ 
mentioned  abfolutely.  It  is  therefore  740  times  lighter 

than  the  fame  bulk  of  water.  Its  weight  to  atmofphe- 
rical air  is  as  1103  to  icoo  : 116  cubic  inches  of  oxy- 
gen gas  weigh  39,03  grains  troy,  1 16  cubic  inches  of 
common  air,  35,38  grains. 

8.  Oxygen  is  capable  of  combining  with  a great  num-  Afnity  ex~- 
ber  of  bodies,  and  forming  compounds.  As  the  com-  plained, 
bination  of  bodies  is  of  the  utmoft  importance  in  che- 
miftry, 


(a)  Thisfubftance  fhall  be  afterwards  defcrlbed.  It  is  now  very  well  known  in  Britain,  as  it  is  in  common 

ufe  with  bleachers  and  feveral  other  manufaifturers.  > 

(b)  Mayow  had  in  the  laft  century  made  confiderable  progrefs  towards  the  difeovery  of  oxygen  gas.  He 
knew  that  only  a part  of  the  air  fupported  combuftion  : This  part  he  called  particiiU  igneo-aerea.  He  knew  that 
this  part  was  contained  in  nitre  : Pars  nitri  aerea  niliil  aliud  quam  particular  ejus  igneo-aereae  eft.”  He  adds, 

“ At  non  eft  eftimandum  pabulum  igneo-aereum  ipfum  aerem  efle,  fed  tantum  partem  ejus  majus  adlivam  fub- 
tilemque.  (^ippe  lucerna  vitro  inclufa  expirat  cum  tamencopia  aeris  fatis  amplain  eodem  continetur.”  He 
knew  alfo  that  it  was  this  part  of  the  air  w’hich  was  ufeful  in  refpiration.  After  mentioning  feveral  experiments 
to  prove  this,  he  adds,  “ Ex  didlis  certo  conftat  animalia  refpirando  particulas  qnafdam  vitales  eafque  elafticas 
ab  aere  haurire.”  See  his  Trailatus  quinque  Medico-Phyjtci,  p.  12.  and  ic6. — He  knew  alfo  that  this  part  of 
the  air  was  neceflary  to  combuftion  : “ Et  tamen  certo  conftat,  particulas  nitro-aeregs  non  minus  quam  ful- 
phureas  ad  ignem  conflandum  necelTareas  elfe.”  Hid.  p.  26. 
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Sulphur  Is  a hard  brittle  fubftance,  commonly  of  a 
yellow  colour,  without  any  fmell,  and  of  a weak  though 
perceptible  tafte. 

It  is  a non-conduflor  of  eleftricity,  and  of  courfe 
becomes  eledlric  by  fridion. 

If  a confiderable  piece  of  fulphur  be  expofed  to  a 
fudden  though  gentle  heat,  by  holding  it  in  the  hand, 
for  inftance,  it  breaks  to  pieces  with  a crackling  noifef . 
Its  fpecific  gravity  is  1,990. 

When  heated  to  the  temperature  of  185“  of  Fahren- 
heit, it  melts  and  becomes  very  fluid.  If  the  tempera- 
ture be  ftill  farther  increafed,  the  fluidity  diminiflies ; but 
when  the  fulphur  is  then  carried  from  the  fire  and  al- 
lowed to  cool,  it  becomes  as  fluid  as  ever  before  it  con- 
I Br  Black,  gealsj. 

When  fulphur  is  heated  to  the  temperature  of  170°, 
it  rifes  up  in  the  form  of  a fine  powder,  which  may  be 

17  eafily  colledted  in  a proper  velTel.  This  powder  is  call- 
Flower*  of  ed  Jlowers  of  fulphur.  When  fubftances  fly  off  in  this 
fulphur.  manner  on  the  application  of  a moderate  heat,  they  are 

called  vola'ile  ; and  the  procefs  itfelf,  by  which  they  are 
raifed,  is  called  volatilisation. 

Sulphur  undergoes  no  change  by  being  allowed  to 
remain  expofed  to  the  open  air. 

When  thrown  into  water,  it  does  not  melt,  as  com- 
mon fait  does,  but  falls  to  the  bottom,  and  remains 
there  unchanged  ; it  is  therefore  infoluble  in  water.  If, 
however,  it  be  poured,  while  in  a date  of  fufion,  into 
water,  it  aflumes  a red  colour,  and  retains  fuch  a degree 
of  foftnefs,  that  it  may  be  kneaded  between  the  fingers  ; 
• Fourcroy.  but  it  lofes  this  property  in  a few  days*. 

18  There  are  a great  many  bodies  which,  after  being  dif- 
*'bi*''^f folved  in  water  or  melted  by  heat,  are  capable  of  alTum- 

ftalli  - certain  regular  figures.  If  a quantity  of  common 
fait,  for  inftance,  be  diflblved  in  water,  and  that  fluid, 
by  the  application  of  a moderate  heat,  be  made  to  fly 
off  in  the  form  of  fteam  ; or,  in  other  words,  if  the  wa- 
ter be  flowly  evaporated,  the  fait  will  fall  to  the  bottom 
of  the  veffel  in  cubes.  Thefe  regular  figures  are  called 
cryjlals.  Now  fulphur  is  capable  of  cryftallizing.  If  it 
be  melted,  and  as  foon  as  its  furface  begins  to  congeal, 
the  liquid  fulphur  beneath  be  poured  out,  the  internal 
cavity  will  exhibit  long  needle-lhaped  cryftals  of  an  oc- 
tahedral figure.  This  method  of  cryftallizing  fulphur 
was  contrived  by  Rouelle. 

When  fulphur  is  heated  to  the  temperature  of  302° 
by  combuf-  open  air,  it  takes  fire  fpontaneoufly,  and  burns 

with  a pale  blue  flame,  and  at  the  fame  time  emits  a 
great  quantity  of  fumes  of  a very  ftrong  fuffocating 
odour.  When  heated  to  the  temperature  of  5JO°,  or 
a little  higher,  it  burns  with  a bright  white  flame,  and 
at  the  fame  time  emits  a vaft  quantity  of  fumes.  If  the 
heat  be  continued  long  enough,  the  fulphur  burns  all 
away  without  leaving  any  afhes  or  refiduum.  If  the 
fumes  be  colledted,  they  are  found  to  confift  entirely  of 
fulphuric  acid.  By  combuflion,  then,  fulphur  is  con- 
verted into  an  acid.  This  faff  was  known  feveral  cen- 
turies ago,  but  no  intelligible  explanation  was  given  of  it 
till  the  time  of  Stahl.  That  chemift  undertook  the  talk; 
and  founded  on  his  experiments  a theory  fo  exceeding- 
ly ingenious,  and  fupported  by  fuch  a vaft  number  of 
SUPPL.  VoL.  I. 
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faffs,  that  it  was  in  a very  fhort  time  adopted  with  ad-  Sulphur, 
miration  by  all  the  philofophic  world,  and  contributed 
not  a little  to  raife  chemiftry  to  that  rank  among  the 
fciences  from  which  the  ridiculous  pretenfiuns  of  the 
early  chemifts  had  excluded  it.  20 

According  to  Stahl,  there  is  only  one  fubftance  in  Stahl’s  ex- 
nature  capable  of  combuftion,  which  therefore  he  called  planatioa 
Phlogiston  ; and  all  thofe  bodies  which  can  be  fet 
on  fire  contain  lefs  or  more  of  it.  Combuftion  is  mere- 
ly the  feparation  of  this  fubftance.  Thofe  bodies  which 
contain  none  of  it  are  of  courfe  incombuftible.  All  com* 
buftibles,  except  thofe  which  confift  of  pure  phlogifton 
(if  there  be  any  fuch),  are  compofed  of  an  incombuftible 
body  and  phlogifton  united  together.  During  combuf- 
tion the  phlogifton  flies  off,  and  the  incombuftible  body 
remains  behind.  Now  when  fulphur  is  burnt,  the  fub- 
ftance which  remains  is  fulphuric  acid,  an  incombuftible 
body.  Sulphur  therefore  is  compofed  of  fulphuric  acid 
and  phlogifton. 

To  eftablifh  this  theory  completely,  it  was  neceffary 
to  fliew  that  fulphur  could  be  affually  made  by  combin- 
ing fulphuric  acid  and  phlogifton  ; and  this  alfo  Stahl 
undertook  to  perform.  Sulphat  of  potafs  is  a fubftance 
compofed  of  fulphuric  acid  and  potafs  (d),  and  charcoal 
is  a combuftible  body,  and  therefore,  according  to  the 
theory  of  Stahl,  contains  phlogifton : when  burnt,  it 
leaves  a very  inconfiderable  refiduum,  and  confequently 
contains  hardly  any  thing  elfe  than  phlogifton.  He 
melted  together  in  a crucible  a mixture  of  potafs  and  fiU 
phat  of  potafs,  ftirred  into  it  one-fourth  part  by  weight 
of  pounded  charcoal,  covered  the  crucible  with  another 
inverted  over  it,  and  applied  a ftrong  heat  to  it.  He 
then  allowed  it  to  cool,  and  examined  its  contents.  The 
charcoal  had  difappeared,  and  there  only  remained  ill 
the  crucible  a mixture  of  potafs  and  fulphur  combined 
together,  and  of  a darker  colour  than  ufual,  from  the 
refiduum  of  the  charcoal.  Now  there  were  only  three 
fubftances  in  the  crucible  at  fir  ft,  potafs,  fulphuric  acid, 
and  charcoal:  two  of  thefe' have  difappeared,  and  ful- 
phur has  been  found  in  their  place.  Sulphur  then  mufl; 
have  been  formed  by  the  combination  of  thefe  two. 

But  charcoal  confifts  of  phlogifton  and  a very  fmall  re- 
fiduiim,  which  is  ftill  found  in  the  crucible.  The  ful- 
phur then  muft  have  been  formed  by  the  combination 
of  fulphuric  acid  and  phlogifton.  This  Ample  and  lu- 
minous explanation  appeared  fo  fatisfaffory,  that  the 
compofition  of  fulphur  was  long  confidered  as  one  of 
the  beft  demonftrated  truths  in  chemiftry.  jj 

There  are  two  faffs,  however,  which  Stahl  either  did  Unfatisfac- 
not  know  or  did  not  fufficiently  attend  to,  neither  of  tory. 
which  were  accounted  for  by  his  theory.  The  firft  is, 
that  fulphur  will  not  burn  if  air  be  completely  exclud- 
ed ; the  fecond,  that  fulphuric  acid  is  heavier  than  the 
fulphur  from  which  it  was  produced. 

To  account  for  thefe,  or  faffs  fimilar  to  thefe,  fuc- 
ceeding  chemifts  refined  upon  the  theory  of  Stahl,  de- 
prived his  phlogifton  of  gravity,  and  even  afllgncd  it  a 
principle  of  levity.  Still,  however,  the  neceffity  of  the 
contaff  of  air  remained  unexplained.  At  laft  Mr  La- 
voifier,  who  had  already  diftinguilhed  himfelf  by  the  ex- 
tenfivenefs  of  his  views,  the  accuracy  of  his  experiments, 

M m and 


(n)  The  nature  of  potafs  ftiall  afterwards  be  explained.  It  is  the  potafo  well  known  In  commerce  in  a ftate 
of  purity. 
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Sulphur,  and  the  precifion  of  his  re-afoning,  undertook  the  exa- 
ruination  of  this  fubjeft,  and  his  experiments  were  pub- 
aa  liflied  in  the  Memoirs  of  the  Academy  of  Sciences  for 
Real  expla-  1 777.  He  put  a quantity  of  fulphur  into  a large  glafs 
nation  by  veflel  filled  with  air,  which  he  inverted  into  another  vef- 
Lavoifier.  containing  mercury,  and  then  fet  fire  to  the  fulphur 
by  means  of  a burning  glafs.  It  emitted  a blue  flame, 
and  gave  out  thick  vapours,  but  was  very  foon  extin- 
guiflied,  and  could  not  be  again  kindled.  There  was, 
however,  a little  fulphuric  acid  formed,  w'hich  was  a 
good  deal  heavier  than  the  fulphur  which  had  difap- 
peai  ed  ; there  was  alfo  a .diminution  in  the  air  of  the 
veffel  proportional  to  this  increafe  of  weight.  The 
fulphur,  therefore,  during  its  converfion  into  an  acid, 
mutt  have  abforbed  part  of  the  air.  He  then  put  a 
quantity  of  fulphuret  of  iron,  which  confitts  of  fulphur 
and  iron  combined  together,  into  a glafs  veflel  full  of  air, 
which  he  inverted  over  water(E).  The  quantity  of  air 
in  the  veifel  continued  diminifliing  for  eighteen  days,  as 
was  evident  from  the  afcent  of  the  w’ater  to  occupy  the 
fpace  which  it  had  left ; but  after  that  period  no  farther 
diminution  took  place.  On  examining  the  fulphuret,  it 
was  found  foniewhat  heavier  than  w’hen  firft  introduced 
into  the  veflel,  and  the  air  of  the  veflel  wanted  precifely 
the  fame  weight.  Now  this  air  had  loft  all  its  oxygen  ; 
ail  the  oxygen  of  the  air  in  the  veifel  mutt  therefore 
have  entered  into  the  fulphuret.  Part  of  the  fulphur 
was  converted  into  fulphuric  acid  ; and  as  all  the  rett  of 
the  fulphuret  was  unchanged,  the  whole  of  the  increafe 
of  weight  mutt  have  been  ov/ing  to  fomething  W'^hich 
had  entered  into  that  part  of  the  fulphur  which  was 
converted  into  acid.  This  fomething  w'e  know  was 
oxygen.  Sulphuric  acid  therefore  mutt  be  compof- 
ed  of  fulphur  and  oxygen  ; for  as  the  original  weight 
of  the  whole  contents  of  the  veifel  remained  exadlly  the 
fame,  there  was  not  the  fmallett  reafon  to  fuppofe  that 
any  fubttance  had  left  the  fulphur. 

It  is  impolTible,  then,  that  I'ulphur  can  be  compofed 
of  fulphuric  acid  and  phlogifton,  as  Stahl  fuppofed ; 
fmce  fulphur  itfelf  enters  as  a part  into  the  compolition 
of  that  acid.  There  mutt  therefore  have  been  fome 
W’ant  of  accuracy  in  the  experiment  by  which  Stahl 
proved  the  compofition  of  fulphur,  or  at  leaft  fome  fal- 
lacy in  his  reafonings  ; for  it  is  impoflible  that  two  con- 
tradidory  fads  can  both  be  true.  Upon  examining  the 
potafs  and  fulphur  produced  by  Stahl’s  experiment,  we 
find  them  to  be  confiderably  lighter  than  the  charcoal, 
fulphuric  acid,  and  potafs  originally  employed.  Some- 
thing therefore  has  made  its  efcape  during  the  applica- 
tion of  the  heat.  And  if  the  experiment  be  conduded 
in  a clofe  veifel,  with  a pneumatic  apparatus  attached 
to  it,  a quantity  of  gas  will  be  obtained  exadly  equal 
to  the  weight  which  the  fubttances  operated  on  have 
lott ; and  this  weight  confiderably  exceeds  that  of  all 
the  charcoal  employed.  This  gas  is  carbonic  acid  gasy 
which  is  compofed  of  charcoal  and  oxygen,  as  will  af- 
terwards appear.  We  now  perceive  what  paffes  in  this 
experiment:  Charcoal  has  a ftronger  affinity  for  oxy- 
gen at  a high  temperature  than  fulphur  has.  When 
charcoal  therefore  is  prefented  to  fulphuric  acid  in  that 
temperature,  the  oxygen  of  the  acid  combines  with  it,. 


they  fly  oflF  in  the  form  of  carbonic  acid  gas,  and  the  Sulphur 
fulphur  is  left  behind.  || 

The  combuftion  of  fulphur,  then,  is  nothing  elfe  than 
the  ad  of  its  combination  v.^ith  oxygen  ; and,  for  any 
thing  which  we  know  to  the  contrary,  it  is  a Ample 
fubftance. 

The  aSinities  of  fulphur,  according  to  Bergman,  are  Affinities  ( 
as  follows ; fulphur. 

Lead, 

Tin, 

Silver, 

Mercury, 

Arfenic, 

Antimony, 

Iron, 

Fixed  alkalies, 

Ammonia, 

Barytes, 

Lime, 

Magnefia, 

Phofphorus  J 
Oils, 

Ether, 

Alcohol. 


I 


Sect.  II.  Of  Phofphorus . 

Let  a quantity  of  bones  be  burnt,  or,  as  it  is  term-  Produdioi 
ed  in  chemiitry,  calcined,  till  they  ceafe  to  fmoke,  orofphofpho 
to  give  out  any  odour,  and  let  them  afterwards  be  re- 
duced  to  a fine  powder.  Put  this  powder  into  a glafs 
veflel,  and  pour  fulphuric  acid  on  it  by  little  at  a time, 
till  farther  additions  do  not  caufe  any  extrication  of  air 
bubbles  (f).  Dilute  the  mixture  with  a good  deal  of 
water,  agitate  it  w'ell,  and  keep  it  hot  for  fome  hours ; 
then  pafs  it  through  a filcre.  Evaporate  the  liquid 
flowly  till  a quantity  of  white  powder  falls  to  the  bottom. 

This  powder  muff  be  feparated  by  filtration,  and  thrown 
away.  The  evaporation  is  then  to  be  refumed  j and  when- 
ever any  white  powder  appears,  the  filtration  mutt  be  re- 
peated in  order  to  feparate  it.  During  the  whole  procefs, 
what  remains  on  the  fibre  mutt  be  wMfhed  with  pure 
water,  and  this  water  added  to  the  liquor.  The  evapo- 
ration is  to  be  continued  till  all  the  moifture  difappears, 
and  nothing  but  a dry  mafs  remains.  Put  this  mafs  in- 
to a crucible,  and  keep  it  melted  in  the  fire  till  it  ceafes 
to  exhale  fulphureous  odours  j then  pour  it  out.  When 
cold  it  aflbmes  the  appearance  of  a brittle  glafs.  Pound 
this  glafs  in  a mortar,  and  mix  it  with  one-third  by 
weight  of  charcoal  dutt.  Put  this  mixture  into  an 
earthen  ware  retort,  and  apply  a receiver  containing  a 
little  water.  Put  the  retort  into  a fand  bath,  and  in- 
creafe the  fire  till  it  becomes  red  hot.  A fubftance 
then  paifes  into  the  receiver,  which  has  the  appearance 
of  melted  wax,  and  which  congeals  as  it  falls  into  the 
water  of  the  receiver.  This  fubftance  is  phofphorus. 

It  was  difcovercd  by  Brandt,  a chemift  of  Hamburgh,  its  difso-. 
about  the  year  1 667,  while  he  was  employed  in  attempt-  very, 
ing  to  extradf  from  human  urine,  a liquid  capable  of  con- 
verting filver  into  gold.*  _ * 

Kunkel,  another  German  chemift,  hearing  of  the  dif-  Melange  <&• 
covery,  was  anxious  to  find  out  the  procefs,  and  for  Berlin.. 

that 


(e)  This  experiment  was  firft  made  by  Scheele,  but  with  a diflferent  view., 

(f)  The  copious  emiffioa  of  air  bubbles  is  called  in  chemiftry  ej'ervefcence.. 
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that  purpofc  a0ociated  hinifelf  with  a friend  of  his  na- 
med Kraft.  But  the  latter  procured  the  fecret  from 
the  difcoverer  ; and  expecting  by  means  of  it  to  acquire 
a fortune,  refufed  to  give  any  information  to  his  affo- 
ciate.  Vexed  at  this  treachery,  Kunkel  refolved  to  at- 
tempt the  difcovery  himfelf ; and  though  he  knew  on- 
ly that  phofphorus  was  obtained  from  urine,  profecuted 
the  inquiry  with  fo  much  zeal,  that  he  fucceeded,  and 
has  been  defervedly  confidered  as  one  of  the  difco- 
verersf . 

Boyle  likewife  dlfcOvered  phafphorus.  Leibnitz  in- 
deed affirms  that  Kraft  taught  Boyle  the  whole  pro- 
cefs,  and  Kraft  declared  the  fame  thing  to  Stahl.  But 
furely  the  affertion  of  a dealer  in  fecrets,  and  one  who 
had  deceived  his  own  friend,  on  which  the  whole  of  this 
ftory  is  founded,  cannot  be  put  in  competition  with  the 
affirmation  of  a man  like  Boyle,  who  was  one  of  the 
honeftefl;  men,  as  well  as  greateft  philofophers,  of  his 
age  ; and  he  pofitively  alfures  us  that  he  made  the  dif- 
covery, without  being  previoufly  acquainted  with  the 
procefi>|, 

Gahn,  a Swediffi  chemift,  difcovered,  in  1769,  that 
phofphorus  was  contained  in  bones||,  and  Scheele  (g) 
very  foon  after  invented  a procefs  for  obtaining  it  from 
them,  Phofphorus  is  now  generally  procured  in  that 
manner.  The  procefs  defcribed  in  the  beginning  of 
this  fedlion  is  that  of  the  Dijon  academicians  : it  differs 
from  that  of  Scheele  only  in  a fingle  particular. 

Phofphorus,  when  pure,  is  of  a clear,  tranfparent, 
yellowifli  colour  ; but  when  kept  fome  time  in  water,  it 
becomes  opaque,  and  then  has  a great  refemblance  to 
white  wax.  Its  confidence  is  nearly  that  of  wax  : it 
may  be  cut  with  a knife,  or  twifted  to  pieces  with  the 
fingers.  It  is  infoluble  in  water.  Its  fpecific  gravity 
is  1,714. 

It  melts  at  the  temperature  of  99°*,  and  even  3167°* 
it  gives  out  a white  fmoke,  and  is  luminous  in  the  dark  ; 
that  is  to  fay,  it  differs  a flow  combuftion  : fo  that  it 
can  only  be  prevented  from  taking  fire  by  keeping  it  in 
a very  low  temperature,  or  by  allowing  it  to  remain  al- 
ways plunged  in  water.  If  air  be  excluded,  it  evapo- 
rates at  219°,  and  boils  at  554®f.  When  heated  to 
122°  (h),  it  burns  with  a very  bright  flame,  and  gives 
out  a great  quantity  of  white  fmoke,  which  is  luminous 
in  the  dark  ; at  the  fame  time  it  emits  an  odour  wffiich 
has  fome  refemblance  to  that  of  garlic.  It  leaves  no 
refiduum  ; but  when  the  white  fmoke  is  collefled,  it  is 
found  to  be  an  acid.  Stahl  confidered  this  acid  as  the 
muriatic  ( i ) . According  to  him,  phofphorus  was  com- 
pofed  of  muriatic  acid  and  phlogifton,  and  the  combuf- 
tion of  it  was  merely  the  feparation  of  phlogifton.  He 
even  declared,  that  to  make  phofphorus,  nothing  more 
was  neceffary,  than  to  combine  muriatic  acid  and  phlo- 
gifton ; and  that  this  compofition  was  as  eafily  accom- 
plillied  as  that  of  fulphur  itfelfj. 
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Thefe  affections  gained  Implicit  credit ; and  the  com-  I’bofphornii 
pofition  and  nature  of  phofphorus  w'ere  confidered  as 
completely  underftood,  till  Margraf  of  Berlin  publiflied 
his  experiments  in  the  year  1743.  That  great  man, 
one  of  ihofe  illuftrious  philofophers  who  have  contribu- 
ted fo  much  to  the  rapid  increafe  of  the  fcience,  diftin- 
guifhed  equally  for  the  ingenuity  of  his  experiments  and 
the  clearnefs  of  his  reafoning,  attempted  to  produce 
phofphorus  by  combining  together  phlogifton  and  mu- 
riatic acid  ; but  though  he  varied  his  procefs  a thou- 
fand  ways,  prefented  the  acid  in  many  different  ftates, 
and  employed  a variety  of  fubftances  to  furnifh  phlogif- 
ton, all  his  attempts  failed,  and  he  was  obliged  to  give  jg 
up  the  combination  as  impradticable.  On  examining  into  phof- 
the  acid  produced  during  the  combuftion  of  phofpho-  plioric  add, 
rus,  he  found  that  its  properties  were  very  different  from 
thofe  of  muriatic  acid.  It  was  therefore  a diftinft  fub- 
ftance.  The  name  of  phofphoric  acid  was  given  to  it  ; 
and  it  was  concluded  that  phofphorus  was  compofed 
of  this  acid  united  to  phlogifton. 

But  it  was  obferved  in  1772  by  Morveau*,  that*  Bigrefs. 
phofphoric  acid  was  heavier  than  the  phofphorus  from  Academ. 
which  it  was  produced  (k);  and  Boyle  had  long  before  P-  ^53- 
fhewn  that  phofphorus  would  not  burn  except  when  in 
contact  with  air.  Thefe  faffs  were  fufficient  to  prove 
the  inaccuracy  of  the  theory  concerning  the  compofi- 
tion of  phofphorus;  but  they  remained  themfelves  un- 
accounted for,  till  Lavoifier  publiffied  thofe  celebrated 
experiments,  which  threw  fo  much  light  on  the  nature 
and  compofition  of  acids. 

He  exhaufted  a glafs  globe  of  air  by  means  of  an  air 
pump  ; and  after  weighing  it  accurately,  he  filled  it 
with  oxygen  gas,  and  introduced  into  it  100  grains  of 
phofphorus.  The  globe  was  furniflied  with  a flop- 
cock,  by  which  oxygen  gas  could  be  admitted  at  plea- 
fure.  He  fet  fire  to  the  phofphorus  by  means  of  a 
burning  glafs.  The  combuftion  was  extremely  rapid, 
accompanied  by  a bright  flame  and  much  heat.  Large 
quantities  of  white  flakes  attached  themfelves  to  the  in- 
ner furface  of  the  globe,  and  rendered  it  opaque;  and 
thefe  at  laft  became  fo  abundant,  that  notwithftanding 
the  conftant  fupply  of  oxygen  gas,  the  phofphorus  was 
extinguifhed.  The  globe,  after  being  allowed  to  cool, 
was  again  weighed  before  it  was  opened.  The  quantity 
of  oxygen  employed  during  the  experiment  was  afcer- 
tained,  and  the  phofphorus,  which  ftill  remained  un- 
changed, accurately  weighed.  The  white  flakes,  which 
were  nothing  clfe  than  pure  phofphoric  acid,  were  found 
exaffly  equal  to  the  weights  of  the  phofphorus  and 
oxygen  which  had  difappeared  during  the  procefs. 

Phofphoric  acid  therefore  mull  have  been  formed  by  which  is 
the  combination  of  thefe  two  bodies  ; for  the  abfolute  phofphorus 
weight  of  all  the  fubftances  together  was  the  fame  be-  combined 
fore  and  after  the  procefs*.  It  is  impoffible  then  that 
phofphorus  can  be  compofed  of  phofphoric  acid  and  ^^La-voifier's 

Mm2  phlogifton,  Chesnijlry, 

Part  I. 
chap.  v. 


(g)  Crell,  in  his  life  of  Scheele,  informs  us,  that  Scheele  was  himfelf  the  difcoverer  of  the  faff.  This,  he  fays, 
clearly  appears  from  a printed  letter  of  Scheele  to  Gahn,  who  was  before  looked  upon  as  the  difcoverer.  See 
Cre//’/ Englifh  Tranf.  I.  17. 

(h)  yioxyt'd-Vs,  Enc.  Method.  ChimisyUW.,  Affiniti — According  to  Nicholfon  at  160*^.  See  his  Tranflaiion  sf 
Chnptal. 

(i)  This  acid  fhall  be  afterwards  defcribed. 

(k)  The  fame'obfervation  had  been  made  by  Margraf,  but  no  attention  was  paid  to  it. 
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Phofphorus  phlogifton,  as  phofphorus  itfelf  enters  into  the  compo- 
fitionof  thatacid(L). 

Thus  the  combuftion  of  phofphorus  like  that  of  ful- 
phur,  is  nothing  elfe  than  its  combination  with  oxygen  ; 
for  during  the  procefs  no  new  fubitance  appears  except 
the  acid,  accompanied  indeed  with  much  heat  and 
30  light. 

Phofphorus  Phofphorus  combines  readily  with  fulphur,  as  Mar- 
combines  graf  difcovered  during  his  experiments  on  phofphorus. 

This  combination  was  afterwards  examined  by  Mr  Pel- 
letier. The  two  fubftances  are  capable  of  being  mixed 
in  different  proportions.  Seventy-two  grains  of  phof- 
phorus and  nine  of  fulphur,  when  heated  in  about  four 
ounces  of  water,  melt  with  a gentle  heat.  The  com- 
pound remains  fluid  till  it  be  cooled  down  to  77°,  and 
then  becomes  folid.  Thefe  fubftances  were  combined 
in  the  fame  manner  in  the  following  proportions ; 


with  ful- 
phur. 


Pelletier, 
^onrn.  de 
Phyf.  XXXV. 

382. 


31  . 

Properties 
ef  carbon. 


7a  Phofphor.l  „„„eals  at  co» 
18  Sulphur  S ^9 

72  Phofphor.  I 
36  Sulphur  J 
Phofphor. 


72 

72  Sulphur 
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Phofphorus  and  fulphur  may  be  combined  affo  by 
melting  them  together  without  any  water  ; but  the  com- 
bination takes  place  fo  rapidly  that  they  are  apt  to 
rufh  out  of  the  veflel  if  the  heat  be  not  exceedingly 
moderate  .f 

Phofphorus  is  capable  of  combining  alfo  with  many 
other  bodies  ; the  compounds  produced  are  called phof- 
phurets. 

The  affinities  of  phofphorus  have  not  yet  been  afcer- 
tained. 


Sect.  III.  Of  Carbon. 

If  a piece  of  wood  be  put  into  a crucible,  well  co- 
vered with  fand,  and  kept  red  hot  for  fome  time,  it  is 
converted  into  a black  fhining  brittle  fubftance,  without 
either  tafte  or  fmell,  well  known  under  the  name  of 
charcoal.  This  fubftance  contains  always  mixed  with 
it  feveral  earthy  and  faline  particles.  When  freed 
from  thefe  impurities  it  is  called  carbon. 

Charcoal  is  infoluble  in  water  ; it  is  not  affedled  (pro- 
vided that  all  air  be  excluded)  by  the  moft  violent  heat 
which  can  be  applied,  excepting  only  that  it  is  rendered 
much  harder. 

New  made  charcoal  abforbs  moifture  with  avidity. 
When  heated  to  a certain  temperature,  it  abforbs  air 
copioufly.  La  Metherie  plunged  a piece  of  burning 
charcoal  into  mercury,  in  order  to  extinguilh  it,  and 
introduced  it  immediately  after  into  a glafs  veflel  filled 
with  common  air.  The  charcoal  abforbed  four  times 


Part  I. 

its  bulk  of  air.  On  plunging  the  charcoal  in  water,  Carbon, 
one-fifth  of  this  air  was  difengaged.  This  air,  on  be- 
ing examined,  was  found  to  contain  a much  fmaller 
quantity  of  oxygen  than  atmofpherical  air  does.  He 
extinguilhed  another  piece  of  charcoal  in  the  fame  man- 
ner, and  then  introduced  it  into  a veflel  filled  with  oxy- 
gen gas.  The  quantity  of  oxygen  gas  abforbed  amount- 
ed to  eight  times  the  bulk  of  the  charcoal  ; a fourth 
part  of  it  was  difengaged  on  plunging  the  charcoal  into 
water*.  It  appe.ars  irom  the  experiments  of  Sennebier, 
that  charcoal,  when  expofed  to  the  atmofphere  abforbs 
oxygen  gas  in  preference  to  a%oi\,  as  the  other  portion 
of  common  air  is  called. 

When  heated  to  the  temperature  of  370®^,  it  takes 
fire,  and  provided  it  has  been  previoufly  freed  from  the 
earths  and  falts  which  it  generally  contains,  it  burns 
without  leaving  any  refiduum.  If  this  combuftion  be 
performed  in  clofe  velfels  filled  with  oxygen  gas  inftead 
of  common  air,  part  of  the  charcoal  and  oxygen  difap- 
pear,  and  in  their  room  is  found  a particular  gas  exadtly 
equal  to  them  in  weight.  This  gas  has  the  properties 
of  an  acid,  and  is  therefore  called  carbonic  acid  gas.  Mr 
Lavoifier,  to  whom  we  are  indebted  for  this  difcovery, 
afcertained,  by  a number  of  very  accurate  experiments, 
that  this  gas  was  compofed  of  about  28  parts  of  carbon 
and  72  of  oxygen  II . 

Carbon  is  fufceptible  of  cryftallization.  In  that  ftate 
it  is  called  diamond.  The  figure  of  the  diamond  varies 
confiderably;  but  moft  commonly  it  is  a hexagonal  prifm 
terminated  by  a fix-fided  pyramid.  When  pure  it  is  co- 
lourlefs  and  tranfparent.  Its  fpecific  gravity  is  from 
3, 44  to  3,55.  It  is  one  of  the  hardeft  fubftances  in 

nature ; and  as  it  is  notaffedfed  by  a confiderable  heat, 
it  was  for  many  ages  confidered  as  incombuftible.  Sir 
Ifaac  Newton,  obferving  that  combuftibles  refradted 
light  more  powerfully  than  other  bodies,  and  that  the 
diamond  polTefled  this  property  in  great  perfedlion,  fuf- 
pedted,  from  that  circumftance,  that  it  was  capable  of 
combuftion.(3)  This  Angular  conjedture  was  verified  in 
1694  by  the  Florentine  academicians,  in  the  prefence  of 
Cofmo  III.  grand  duke  of  Tufcany.  By  means  of  a 
burning-glafs,  they  deftroyed  feveral  diamonds.  Fran- 
cis I.  emperor  of  Germany,  afterwards  witneffed  the  de- 
ftrudtion  of  feveral  more  in  the  heat  of  a furnace.  Thefe 
experiments  were  repeated  by  Rouelle,  Macquer,  and 
D’Arcet,  who  proved  that  the  diamond  w'as  not  merely 
evaporated,  but  adlually  burnt,  and  that  if  air  was  ex- 
cluded it  underwent  no  change. 

No  attempt,  however,  was  made  to  afcertain  the  pro- 
dudf,  till  Lavoifier  undertook  a feries  of  experiments  for 
that  purpofe  in  1772.  He  obtained  carbonic  acid  gas. 

It  might  be  concluded  from  thefe  experiments,  that  the 
diamond  contains  carbon ; but  it  was  referved  for  Mr 
Tennant  to  (how  that  it  confifted  entirely  of  that  fub- 
ftance. 

Into 
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(l)  The  quantity  of  phofphorus  confumed  was 
The  quantity  of  oxygen  gas  ... 


45  grains 

69G75 


Weight  of  the  Phofphoric  acid  produced  1 14,375 
Phofphoric  acid  therefore  is  compofed  of  100  parts  phofphorus,  and  154  oxygen. 

(3)  It  were  to  be  wiftied  that  fome  perfon  provided  with  the  proper  apparatus  would  experiment  on  the  re- 
fradive  power  of  the  gafes,  and  afcertain  if,  according  to  Newton’s  theory,  it  bears  any  relation  to  their  affi- 
nity for  oxygen.  T-  P.  S. 
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Into  a tube  of  gold,  having  one  end  clofed  and  a 
glafs  tube  adapted  to  the  other  to  colledl  the  produdt, 
that  gentleman  put  grains  of  diamonds  and  a quar- 
ter of  an  ounce  of  nitre  (m).  This  tube  was  heated 
flowly  ; the  confequence  of  which  was,  that  great  part 
of  the  nitric  acid  paifed  off  before  the  diamond  took 
fire,  and  by  that  means  almoft  the  whole  of  the  carbonic 
acid  formed  during  the  combuftion  of  the  diamond  re- 
mained in  the  potafs,  for  which  it  has  a ftrong  affinity. 
To  afcertain  the  quantity  of  this  carbonic  acid,  he  dif- 
folved  the  potafs  in  water,  and  added  to  the  folution  an- 
other fait  compofed  of  muriatic  acid  and  lime.  Muria- 
tic acid  has  a ftronger  affinity  for  potafs  than  for  lime  ; 
it  therefore  combines  with  the  potafs,  and  at  the  fame 
time  the  lime  and  carbonic  acid  unite  and  fall  to  the 
bottom  of  the  velTel,  becaufe  they  are  nearly  infoluble  in 
water.  He  decanted  off  the  liquor,  and  put  the  lime 
which  contained  the  carbonic  acid  gas  into  a glafs  globe, 
having  a tube  annexed  to  it.  This  globe  and  tube  he 
then  filled  with  mercury,  and  inverted  into  a veffel  con- 
taining the  fame  fluid.  The  lime  by  that  means  occu- 
pied the  very  top  of  the  tube.  It  now  remained  to  fe- 
parate  the  carbonic  acid  from  the  lime,  which  may  be 
done  by  mixing  it  with  any  acid,  as  almoft  every  other 
acid  has  a ftronger  affinity  for  lime  than  carbonic  acid 
has.  Accordingly  on  introducing  muriatic  acid,  10,3 
ounce  meafures  of  carbonic  acid  gas,  or  nearly  9,166 
grains,  were  feparated.  But,  according  to  the  expe- 
riments of  Lavoifier,  this  gas  is  compofed  of  72  parts 
of  oxygen  and  28  of  carbon;  9,166  grains  therefore 
contain  2,56  grains  of  carbon,  which  is  almoft  precifely 
the  weight  of  the  diamond  confirmed.  It  follows, 
therefore,  that  it  was  compofed  of  pure  carbon.*  The 
difficulty  of  burning  the  diamond  is  owing  entirely  to 
its  hardnefs.  Meflrs  Morveau  and  Tennant  rendered 
common  charcoal  fo  hard  by  expofing  it  for  fome  time 
to  a violent  fire  in  clofe  veffels,  that  it  loft  much  of  its 
natural  tendency  to  combuftion,  and  endured  even  a 
red  heat  without  catching  fire.f 

Charcoal  poffeftes  a number  of  Angular  properties, 
which  render  it  of  confiderable  importance.  It  is  in- 
capable of  putrefying  or  rotting  like  wood,  and  is  not 
therefore  liable  to  decay  through  age.  This  property 
has  been  long  known.  It  was  cuftomary  among  the 
ancients  to  char  the  outfide  of  thofe  ftakes  which  were 
to  be  driven  into  the  ground  or  placed  in  water,  in  or- 
der to  preferve  the  wood  from  fpoiling.  New  made 
charcoal,  by  being  rolled  up  in  cloths  which  have  con- 
tradted  a difagreeable  odour,  effedtually  deftroys  it.  It 
takes  away  the  bad  taint  from  meat  beginning  to  pu- 
trefy, by  being  boiled  along  with  it.  It  is  perhaps  the 
heft  teeth  powder  known.  Mr  Lowitz  of  Peterffiurgh 
has  fhown,  that  it  may  be  ufed  with  advantage  to  puri- 
fy a great  variety  of  fubftances. 

Carbon  unites  with  a number  of  bodies,  and  forms 
with  them  compounds  known  by  the  name  of  carburets. 

Its  affinities  have  not  yet  been  afcertained. 
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Put  into  a glafs  velfel  furnifhed  with  two  mouths  a ^6 
quantity  ot  frelh  iron  filings,  quite  free  from  ruft.  Lute  Method  of 
into  one  of  thefe  mouths  the  end  of  a crooked  glafs  procuring 
tube.  Infert  the  other  end  of  this  tube  below  a glafs  hydrogen, 
jar  filled  with  water,  and  inverted  into  a pneumatic  ap- 
paratus. Then  pour  upon  the  iron  filings  a quantity  of 
fulphuric  acid,  diluted  with  twice  its  own  weight  of 
w'ater,  and  clofe  up  the  mouth  of  the  veffel.  Imme- 
diately the  iron  filings  and  acid  effervefee  with  violence, 
a vaft  quantity  of  gas  is  produced,  which  rufties  through 
the  tube  and  fills  the  jar.  This  gas  is  called 
gas.{fi) 

It  was  obtained  by  Dr.  Mayow  and  by  Dr  Hales 
from  various  fubftances,  and  had  been  known  long  be- 
fore in  mines  under  the  name  of  the  firedamp.  Mr  Ca- 
vendifli  * w^as  the  firft  who  examined  its  properties  with  * 
attention.  They  were  afterwards  more  fully  inveftiga-  lA-on.  1766. 
ted  by  Prieftley,  Scheele,  and  Fontana.  37 

Hydrogen,  like  air,  is  invifible  and  elaftic,  and  ca-  Its  proper- 
pable  of  indefinite  compreffion  and  dilatation.  ties. 

Its  fpecific  gravity  differs  according  to  its  purity. 

Kirwan  found  it  o,oooiof ; Lavoifier  0,000094^,  or  f On  Phla- 
about  12  times  lighter  than  common  air. 

All  burning  fubftances  are  immediately  extinguifhed  , 

by  being  plunged  into  this  gas.  It  is  incapable  there-  che^Jhyl  ^ 
fore  of  fupporting  combuftion.  Appendix. 

Animals,  when  they  are  obliged  to  breathe  It,  die  al- 
moft inftantaneoufly.  Scheele  indeed  found  that  he 
could  breathe  it  for  fome  time  without  inconvenience f Schtek  en 
but  Fontana,  who  repeated  the  experiment,  difeovered 
that  this  was  owing  to  the  quantity  of  common  air  con- 
tained in  the  lungs  when  he  began  to  breathe ; for  on 
expiring  as  ftrongly  as  poffible  before  drawing  in  the 
hydrogen  gas,  he  could  only  make  three  refpirations, 
and  even  thefe  three  produced  extreme  feeblenefs  and 
oppreffion  about  the  breaft  § Jour,  de 

If  a phial  be  filled  w'ith  hydrogen  gas,  and  a lighted  Phf  xv. 
candle  be  brought  to  its  mouth,  the  gas  will  take  fire,  99* 
and  burn  gradually  till  it  is  all  confumed.  If  hydro- 
gen and  oxygen  gas  be  mixed  together  and  kindled, 
they  burn  inftantaneoufly,  and  produce  an  explofion 
like  gunpowder.  The  fame  effeift  follows  when  a mix- 
ture of  hydrogen  gas  and  atmofpherical  air  is  kindled, 
but  the  explofion  is  lefs  violent.  Hydrogen  gas  will 
not  burn  except  in  contadt  with  oxygen  gas,  nor  will 
it  burn  even  in  contact  with  oxygen  gas,  unlefs  a red 
heat  be  applied  to  it.  If  85  parts  by  weight  of  oxy- 
gen gas,  and  15  of  hydrogen  gas,  be  mixed  together, 
and  fet  on  fire  in  a clofe  velfel,  they  difappear,  and  in 
their  place  there  is  found  a quantity  of  water  exadlly  3g 
equal  to  them  in  weight.  This  w'ater  muft  be  com-  Compofitl- 
pofed  of  thefe  two  gafes;  for  it  did  not  previoufly 
exift  in  the  velfel,  and  no  other  fubftance  except  the 
gafes  was  introduced.  Water  then  is  compofed  of 
oxygen  and  hydrogen ; and  the  combuftion  of  hydro- 
gen 


hydrogen 


(m)  Nitre  Is  compofed  of  potafs  and  nitric  acid  ; and  nitric  acid  contains  a great  quantity  of  oxygen,  which 
is  eafily  feparated  by  heat.  Diamond,  when  mixed  with  nitre,  burns  at  a much  lower  heat  than  by  any  other 
procel's. 

(n)  It  was  formerly  called  infiammabk  air^  and  by  fome  chemifts  phlogifion. 
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notlilng  elfe  but  the  ad  of  its  combination  with 


lo 

Sulphurat- 
ed hydro- 


gen IS 

ox3'gen  (o). 

It  Itad  been  fappefed,  in  confequence  of  the  experi- 
ments of  Dr  Prieftley  and  feveral  other  philofophers, 
that  when  hydrogen  gas  was  allowed  to  remain  in  con- 
tad  with  water,  it  was  gradually  decompofed,  and  con- 
* Eticycl.  verted  into  another  gas  ; but  Mr  de  Morveau,*  Mr 

]\Teiho'i.  HalfenfratZjf  and  Mr  Libes,;];  have  (hewn,  that  it  un- 

Chim.l.  7J4  Jergoes  no  change,  provided  fufficient  care  be  taken  to 
z every  other  gas. 

^ Hydrogen  gas  diffolves  fulphur,  phofphorus,  and  car- 

Fh)f.xxxwi.  bon.  The  compounds  are  called  Julphurated,  phofphora- 
41Z-  ted,  and  carbonated  hydrogen  gas . 

39  I.  Sulphurated  hydrogen  gas  was  firft  examined  with 

of'T^dro^*  attention  by  Scheele,  who,  together  vith  Bergman,  dif- 
^ covered  many  of  its  properties.  Mr  Kirwan  likewife 
publiihed  a very  valuable  paper  on  the  fame  fubjed. 
If  equal  parts  of  fulphur  and  potafs  be  melted  together 
in  a covered  crucible,  they  combine  together,  and  form 
a compound  known  by  the  name  of  fulphuret  of  potafs, 
but  formerly  called,  from  its  red  colour,  hepar  fulphurts, 
-or  liver  of  fulphur.  When  this  fubftance  is  moillened 
with  w-ater,  it  gives  out  a quantity  of  fulphurated  hy- 
drogen gas  ; hence  this  gas  was  at  firfl.  called  hepatic  gas. 

Mr  Gengembre  enclofed  a bit  of  fulphur  in  a glafs 
velfel  filled  with  hydrogen  gas,  and  melted  the  fulphur 
by  means  of  a burning  glafs.  A quantity  of  it  difap- 
peared,  and  the  hydrogen  alTumed  all  the  properties  of 
hepatic  gas.  Hence  it  follows  that  this  gas  is  merely 
fulphur  diflblved  in  hydrogen  gas. 

The  eafieft  method  of  obtaining  it  is  to  pour  an 
acid,  the  muriatic  for  inftance,  on  a quantity  of  the 
fulphuret  reduced  to  powder.  An  effervefcence  takes 
place,  the  gas  is  extricated,  and  may  be  colleifled  by 
means  of  a pneumatic  apparatus.  The  theory  of  this 
emilfion  is  obvious.  The  fulphur  is  gradually  converted 
into  fulphuric  acid,  by  decompofmg  the  water,  which 
is  always  united  with  acids,  and  feizing  its  oxygen : 
the  hydrogen  of  the  water  is  thus  fet  at  liberty ; it  af- 
fumes  the  gafeous  form,  and  at  the  fame  time  diffolves 
part  of  the  remaining  fulphur,  for  which  it  has  a con- 
fiderable  affinity. 

The  fpecific  gravity  of  fulphurated  hydrogen  gas  is 
0,00135*;  it  is  to  common  air  as  1106  to  1000. 

It  has  a very  fetid  odour,  precifely  fimilar  to  that 
emitted  by  rotten  eggs,  which  indeed  is  owing  to  the 
emiffion  of  the  very  fame  gas. 

It  is  not  more  refpirable  than  hydrogen  gas.  When 
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fet  on  fire,  in  contact  with  0X5'gen  gas,  it  bums  with  a 
light  blue  flame,  without  exploding,  and  at  the  fame 
time  a quantity  of  fulphur  is  depofited.  The  combuf- 
tion  of  this  gas,  then,  is  merely  the  union  of  its  hydro- 
gen, and  perhaps  part  of  its  fulphur,  with  oxygen. 

This  gas  turns  fyrup  of  violets  to  a green  colour.*  * FourenX 
It  does  not  feem  capable  of  exifting  in  .atrhofpherical  ChemfyA 
air  without  decompofition  ; for  the  moment  it  comes 
into  contacl  with  oxygen  gas,  fulphur  is  depofited. -f  \ jBergma\ 

' 2.  Phofphorated  hydrogen  gas  was  difeovered  by  41 

Mr  Gengembre  in  1783,  and  by  Mr  Kirwan  fome  time  Phofphoij 
after,  before  he  became  acquainted  with  the  experi- 
ments  cf  that  gentleman.  It  may  be  procured  by  mix- 
ing  phofphorus  with  potafs  diffolved  in  water,  and  ap- 
plying a boiling  heat  to  the  folution.  The  phofphorus 
Is  gradually  converted  into  an  acid  by  decompofing  the 
water,  and  uniting  with  its  oxygen.  7'he  hydrogen 
affumes  the  form  of  a gas,  and  flies  off  after  diffolving 
a little  of  the  phofphorus.  This  gas  may  be  colleded 
by  means  of  a pneumatic  apparatus. 

Phofphorated  hydrogen  gas  has  a fmell  refembling 
that  of  putrid  fiffi.  When  mixed  with  oxygen  gas  or 
common  air,  it  becomes  luminous  ; and  on  the  applica- 
tion of  the  fmalleft  heat,  it  burns  with  afionlffiing  rapi- 
dity.:j;  The  products  are  water  and  phofphoric  acid,  t I 

The  combuflion  of  this  gas  therefore  is  nothing  elfe 
than  the  union  of  its  phofphorus  and  hydrogen  with 
oxygen,  attended  by  an  emiffion  of  heat  and  light. 

Phofphorated  hydrogen  gas  may  alfo  be  formed  by 
introducing  a bit  of  phofphorus  into  a jar  containing 
hydrogen  gas ; but  care  muff  be  taken  to  make  this 
gas  as  dry  as  poffible ; for  its  affinity  with  phofphorus 
is  w'eakened  in  proportion  to  its  moifture.|l  || 

3.  Carbonated  hydrogen  gas  arifes  fpontaneoufly  in  Nkhol- 
hot  w'eather  from  marfhes,  but  always  mixed  with  feve--^"”'*.^®’"' 
ral  other  gafes.  Several  fpecies  of  it  have  been  lately  “ ’ 
difeovered  by  the  affociated  Dutch  chemifts  Bondt, 

Dieman,  Van  Trooftwyck,  and  Lauwerenberg.^  When  § Ann.  de 
75  parts  of  fulphuric  acid  and  25  of  fpirit  of  wine  are  Cbim.  xxi. 
mixed  together,  a gas  is  extricated  which  fuffers  no  al- 
teration  from  handing  over  water.  Its  fpecific  gravity 
is  0,001 1 1,  or  it  is  to  common  air  as  909  to  xooo.  It  Carbonau 
has  a fetid  odour,  and  burns  with  a itrong  compadt  hydrogen 
flame.  When  paffed  through  fulphur  it  is  converted  in- 
to  fulphurated  hydrogen  gas,  and  at  the  fame  time  a 
quantity  of  carbon  is  depofited  in  the  form  of  a fine 
pow'der ; it  muff  therefore  be  compofed  of  carbon  and  ^ 
hydrogen  gas.  When  burnt,  the  produdl  is  carbonic 

acid 


(o)  The  hiftory  of  this  great  difeovery,  and  the  objedllons  which  have  been  made  to  It,  w'e  referve  for  the 
chapter  which  treats  of  Water,  where  they  will  be  better  underflood  than  they  could  be  at  prefent.  This  fub- 
ftance was  called  hydrogen  by  the  French  chemifts,  becaufe  it  enters  into  the  compofition  of  water,  from  i/dup  vua- 
ter,  and  ynnixat  I am  horn,  Objedlions  have  been  made  to  the  propriety  of  the  name,  into  which  we  fliall  not 
enter.  It  ought  never  to  be  forgotten,  that  Newton  had  long  before,  with  a fagacity  almofl  greater  than  human, 
conj“dlured,  from  its  great  refradling  power,  that  water  contained  a comhufihle  fubfance.  (4) 

(4)  That  Nev^ton  a-priori  from  its  refradtive  power  fhould  have  determined  the  diamond  to  be  a combufible 
fubftance  may  refledt  the  higheft  credit  on  his  genius.  His  determination  of  w^ater  containing  an  inflammable 
fubftance  can  however  be  confidered  but  as  a luchy  hit.  He  aferibed  this  Inflammable  principle  to  it  on  account 
of  its  great  refradtive  power  in  proportion  to  its  fpecific  gravity,  the  fine  of  the  angle  of  incidence  being  to  the 
fine  of  the  angle  of  refradtlon  in  rock  cryftal  1.5620  to  l.  and  its  gravity  being  2.650  whereas  in  rain  water 
whofe  fpecific  gravity  is  but  i.  they  bear  the  proportion  of  1.3358  to  i.  Had  Newton  applied  this 
method  of  determining  whether  a fubftance  contained  an  inflammable  principle  to  other  combinations  of  oxygen 
he  would  have  fallen  into  grofs  errors,  in  fulphuric  acid,  for  inftance,  whofe  fpecific  gravity  is  2.125  the  fine 
of  the  angle  of  incidence  is  to  that  of  refradtioa  but  as  1.4285  to  i.  Hence  he  wmuld  have  concluded  that  it 
contains  no  hfammable  fubftance.  T.  P.  S. 
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'lydrogen.  acid  gas  and  water.*  By  making  ether  (p)  pafs  thro’ 
a red  hot  glafs  tube,  another  carbonated  hydrogen  gas 
was  formed,  the  fpecific  gravity  of  which  w^as  0,00086. 
Spirit  of  wine,  paifed  in  the  fame  manner,  aflForded  a 
gas,  the  fpecific  gravity  of  which  w’as  0,00053, 
which  burned  with  a paler  flame  than  the  other  two. 
Thefe  gafes  were  found  to  contain  from  80  to  74  parts 
of  carbon,  and  from  20  to  26  of  hydrogen.  The  firft 
fpecies  was  found  to  contain  moft  carbon,  and  the  laft 
to  contain  leafl;  f. 

The  affinity  of  hydrogen  gas  for  thefe  three  combuf- 
ffiiutiesof  is  as  follows  : 

Sulphur, 

Carbon, 

Phofphorus  (o_). 

Dr  Auftin  found,  that  by  repeatedly  pafling  eledric 
explofions  through  a fmall  quantity  of  carbonated  hy- 
drogen gas,  it  was  permanently  dilated  to  more  than 
twice  its  original  bulk.  He  rightly  concluded,  that 
this  remarkable  expanflon  could  only  be  owing  to  the 
evolution  of  hydrogen  gas.  On  burning  air  thus  ex- 
ttempt  to  panded,  he  found  that  it  required  a greater  quantity  of 
compofe  oxygen  than  the  fame  quantity  of  gas  not  dilated  by 
electricity:  An  addition  therefore  had  been  made  to 
the  combuftible  matter ; for  the  quantity  of  oxygen 
neceffary  to  complete  the  combuflion  of  any  body,  is 
always  proportional  to  the  quantity  of  that  body.  He 
concluded  from  thefe  experiments,  that  he  had  decom- 
pofed  the  carbon  which  had  been  diffolved  in  the  hy- 
drogen gas  ; and  that  carbon  was  compofed  of  hydro- 
gen and  azot  (r),  fome  of  which  was  always  found  in 
the  velTel  after  the  dilated  gas  had  been  burnt  by  means 
of  oxygen :};.  If  this  conclufion  be  fairly  drawn,  we 
. anf.\xix.  muft  expunge  carbon  from  the  lift  of  Ample  fubftances, 
I-  and  henceforth  confider  it  as  a compound. 

There  was  one  circumftance  which  ought  to  have 
prevented  Dr  Auftin  from  drawing  this  conclufion,  at 
leaft  till  warranted  by  more  decifive  experiments.  The 
quantity  of  combuftible  matter  had  been  increafed. 
Now,  if  the  expanfion  of  the  carbonated  hydrogen  gas 
was  owing  merely  to  the  decompofition  of  carbon,  no 
fuch  increafe  ought  to  have  taken  place,  but  rather  the 
contrary  ; for  the  carbon,  which  was  itfelf  a combuftible 
fubftance,  was  refolved  into  two  ingredients,  hydrogen 
and  azot,  only  the  firft  of  which  burnt  on  the  addition 
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of  oxygen  and  the  application  of  heat.  Dr  Auftin’s  Azot. 
experiments  have  been  lately  repeated  by  Mr  William 
Henry  with  a great  deal  of  accuracy.*  He  found, 
that  the  dilatation  which  Dr  Auftin  defcribes  actually  part  2d. 
took  place,  but  that  it  could  not  be  carried  beyond  a 
certain  degree,  a little  more  than  twdce  the  originaL 
bulk  of  the  gas.  Upon  burning  feparately  by  means  of 
oxygen,  two  equal  portions  of  carbonated  hydrogen 
gas,  one  of  which  had  been  expanded  by  eleilricity  to 
double  its  original  bulk,  the  other  not,  he  found  that 
each  of  them  produced  precifely  the  fame  quantity  of 
carbonic  acid  gas-  Both  therefore  contained  the  fame 
qua.ntity  of  carbon  ; confequently  no  carbon  had  been 
decompounded  by  the  eleflric  fliocks, 

Mr  Henry  then  fufpeded  that  the  dilatation  was  ow-  And  found- 
ing to  the  water  which  every  gas  contains  in  a larger  unfuccefs- 
or  fmaller  quantity.  To  afcertain  this,  he  endeavoured 
to  deprive  the  carbonated  hydrogen  gas  of  as  much  wa- 
ter as  poffible,  by  making  it  pafs  over  very  dry  potafs, 
which  attrads  water  with  avidity.  Gas  treated  in  this 
manner  could  only  be  expanded  one-fixth  of  its  bulk  ; 
but  on  admitting  a drop  or  two  of  water,  the  expanfion 
went  on  as  ufual.  The  fubftance  decompounded  by  the 
eledricity,  then,  was  not  the  carbon,  but  the  water  in 
the  carbonated  hydrogen  gas.  Nor  is  it  difficult  to  fee 
in  what  manner  this  decompofition  is  effeded.  Carbon 
at  a high  temperature  has  a greater  affinity  for  oxygen 
than  hydrogen  has ; for  if  the  fteam  of  water  be  made 
to  pafs  over  red  hot  charcoal,  it  is  decompofed,  and  car- 
bonic acid  and  hydrogen  gas  are  formed.  The  eledric 
explofion  fupplies  the  proper  temperature  ; the  carbon 
unites  with  the  oxygen  of  the  water,  and  forms  carbo- 
nic acid;  and  the  hydrogen,  thus  fet  at  liberty,  occa- 
fior.s  the  dilation.  Carbonic  acid  gas  is  abforbed  with 
avidity  by  water;  and  when  water  was  admitted  into 
709  meafures  of  gas  thus  dilated,  too  meafures  were 
abforbed  ; a proof  that  carbonic  acid  gas  xvas  adually 
prefent.  As  to  the  azot  which  Dr  Auftin  found  in  his. 
dilated  gas,  it  evidently  proceeded  from  the  admiffion 
of  fome  atmofpheric  aii',  about  73  parts  of  which  in  the 
too  confift  of  this  gas  : for  Dr  Auftin’s  gas  had  ftood 
long  over  water ; and  Drs  Prieftley  and  Higgins  have 
fhewn  that  air  in  fuch  a fituation  always  becomes  im- 
pregnated with  azot.  (5.) 

The 


(p)  Ether  is  a very  volatile  and  fragrant  liquid,  obtained  by  mixing  fpirit  of  wane  and  acids,  and  diftilling.  It 
fhall  be  afterwards  defcribed. 

(q_)  Sulphur  decompofes  carbonated  hydrogen  gas ; therefore  its  affinity  is  greater  than  that  of  carbon.  The 
Dutch  chemifts  melted  phofphorus  in  carbonated  hydiogen  gas,  but  no  change  was  produced ; therefore  the 
affinity  of  phofphorus  is  inferior  to  that  of  carbon. 

(r)  See  next  Seftion. — His  theory  w'as,  that  carbonated  hydrogen  gas  w’-as  compofed  of  hydrogen,  and  azot, 
and  carbon  of  azot,  and  carbonated  hydrogen  gas,  which  comes  nearly  to  the  fame  thing  with  regard  to  the  ele- 
ments of  carbon.  It  is  Angular  enough,  that  though  Dr  Auftin  would  not  allow  the  prefence  of  carbon  in  car- 
bonated hydrogen  gas,  he  adtually  decompofed  it  by  melting  fuiphur  in  it  i the  fulphur  combined  with  the  hy- 
drogen gas,  and  a quantity  of  carbon  was  precipitated.  This  experiment  he  relates  without  making  any  re- 
marks upon  It,  and  feems  indeed  not  to  have  paid  any  attention  to  it. 

(5)  The  decompofition  of  the  water  held  in  folution  by  the  carbonated  hydrogen  gas  by  means  of  the  carbon 
uniting  to  the  oxygen,  and  forming  carbonic  acid  gas  while  the  hydrogen  is  fet  at  liberty,  perfe<ftly  accounts  for 
its  increafed  bulk.  But  I think  it  by  no  means  accounts  for  the  increafed  confumplion  of  oxygen  on  firing  it.  It 
is  true  that  there  is  an  addition  to  the  hydrogen  in  the  refervoir  ; but  then  we  mu.ft  recoiled  all  the  oxygen  with 
which  it  was  united,  is  now  in  union  with  the  carbon  ; that  therefore  this  carbon  on  the  combujlion  taking  place 
will  combine  with  juft  fo  much  the  lefs  of  the  oxygen  added,  and  additional  hydrogen  will  require  no  more 
oxygen  to  reconvert  it  into  water  than  it  parted  with  to  the  carbon.  I cannot  fee  then  with  what  this  extra  quan- 
tity is  to  unite.  Is  it  not  poffible  Dr  Auftin  may  have  been  deceived  in  an  experiment  which  requires  fo  much 
accuracy  I T.  P.  S. 


I 


art  I.  , C H E M 

, Azot.  this  theory  he  made  the  following  addition  : Phlogif- 
ton  Is  feparated  during  combuflion  by  means  of  chemi- 
cal affinity:  Air  (that  is,  oxygen  gas J has  a ftrong  af- 
finity for  phlogifton : Its  prefence  is  necelTary  during 
combuflion,  becaufe  It  combines  with  the  phlogiflon  as 
it  feparates  from  the  combuftible  ; and  it  even  contri- 
butes by  its  affinity  to  produce  that  feparatlon : The 
moment  the  air  has  combined  with  as  much  phlogif- 
ton as  it  can  receive,  or,  to  ufe  a chemical  term,  the 
moment  it  is  faturated  wdth  phlogifton,  combuflion  ne- 
celfarily  flops,  becaufe  no  more  phlogifton  can  leave  the 
combuftible  (v)  : Air  fitturated  with  phlogifton  is  azo- 
tic gas.  This  was  a very  ingenious  theory,  and  when 
Dr  Prieftley  publlfhed  it,  exceedingly  plaufible.  A 
great  number  of  the  moft  eminent  chemifts  accordingly 
embraced  it ; But  it  was  foon  after  difcovered,  that 
during  combuflion  the  quantity  of  air,  inftead  of  in- 
creafing,  as  it  ought  tahave  done,  had  phlogifton  been 
53  added  to  it,  adually  diminilhed  both  in  volume  and 
ifucccfs-  weight.  There  was  no  proof  therefore,  that  during 

I-  combuflion,  any  fubftance  whatever  combined  with  air, 

but  ratlier  the  contrary.  It  was  difcovered  alfo,  that 
a quantity  of  air  combined  with  the  burning  fubftance 
during  combuflion,  as  we  have  feen  was  the  cafe  with 
fulphur,  phofphorus,  carbon,  and  hydrogen  ; and  that 
this  air  had  the  properties  of  oxygen  gas.  Thefe  dif- 
coveries  entirely  overthrew  the  evidence  on  w'hich  Dr 
Prieftley’s  theory  was  founded  : accordingly,  as  no  at- 
tempt to  decompound  azot  has  fucceeded,  it  has  been 
given  up  by  almoft  every  chemift  except  Dr  Prieftley 
himfelf.  Atmofpheric  air,  as  Scheele  firft  proved,  is  com- 
pofed  of  about  27  parts  of  oxygen,  and  73  of  azotic 
gas.  During  combuflion,  the  oxygen  is  abftracted 
and  the  azotic  gas  remains  behind. 

La  Metherie  made  an  attempt  to  prove  that  azot  was 
compofed  of  oxygen  and  carbon(w).  He  took  a bit  of 
burning  charcoal,  extinguifhed  It  In  mercury,  and  then 
plunged  it  while  hot  into  oxygen  gas . On  being  plunged 
into  water,  one-fourth  of  the  gas  w'as  difengaged,  and 
part  of  it  was  found  to  confift  of  azotic  gas.  From  this 
he  concluded  that  he  had  formed  azotic  gas  by  combin- 
ing oxygen  and  carbon  : But  it  was  proved  by  Mr  La- 
Toifier,  beyond  the  poffibllity  of  doubt,  that  oxygen  and 
carbon  form  carbonic  acid  gas.  They  cannot  then  cer- 
tainly form  azot;  for  two  contradidtory  fads  cannot  both 
be  true.  There  muft  then  have  been  fomething  over- 
looked in  the  experiment.  Indeed  the  experiment  itfelf 
does  not  warrant  the  conclufion  which  De  La  Metherie 
drew  from  it.  He  did  not  afcertain  whether  the  weight 
of  the  charcoal  was  diminilhed  ; and  betides,  there  was 
azot  mixed  with  the  oxygen  gas  which  he  employed,  as 
he  himfelf  has  Informed  us  : And  how  was  it  pofiible 
for  him  to  admit  the  charcoal  into  water  wdthout,  at 
the  fame  time,  admitting  feme  atmofpherical  air  ? 

We  have  now  deferibed  all  the  combuflibles  which 
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are  at  prefent  reckoned  Ample,  except  the  metals.  We  Azot 
have  found,  that  during  combuflion,  all  of  them  com-  II 
bine  with  oxygen  ; that  no  part  of  them  is  difengaged,  ■ ^ 

no  part  of  them  loft  ; we  have  therefore  concluded, 
that  the  combuflion  of  thefe  fubftances  is  nothing  elfe 
but  the  adf  of  their  uniting  with  oxygen.  We  have 
feen,  how'ever,  that  none  of  them,  except  phofphorus, 
was  capable  of  uniting  wdth  oxygen  at  the  common 
temperature  of  the  atmofphere ; that,  in  order  to  pro- 
duce the  union,  heat  was  necelTary,  and  that  the  degree 
of  this  heat  was  different  for  each.  Hydrogen  required 
a red  heat,  and  azot  a ftill  greater  (6).  We  have  feen, 
too,  that  during  thefe  combinations  a quantity  of  heat 
and  light  efcaped.  Now  why  is  heat  necelTary  for  thefe 
combinations  ? and  whence  come  the  heat  and  the  light 
which  we  perceive  during  the  combuftion  of  thefe  bo- 
dies ? Thefe  queftions  are  of  the  higheft  importance, 
and  can  only  be  anfvvered  by  a particular  inveftigation 
of  the  nature  and  properties  of  heat  and  light.  This 
inveftigation  we  ftiall  attempt  as  foon  as  we  have  de- 
feribed the  metals  and  earths,  which  form  the  fubjeft  of 
the  two  following  chapters. 

Chap.  III.  Of  Metals. 

54 

Metals  may  be  confidered  as  the  great  Inftruments  Properties 
of  all  our  improvements  : Without  them,  many  of  the  metals, 
arts  and  fciences  could  hardly  have  exifted.  So  fenfi- 
ble  were  the  ancients  of  their  great  importance,  that 
they  raifed  thofe  perfons  who  firft  difcovered  the  art  of 
working  them  to  the  rank  of  deities.  In  chemiftry, 
they  have  always  filled  a confpicuous  ftation  ; at  one 
period  the  whole  fcience  w'as  confined  to  them  ; and  it 
may  be  faid  to  have  owed  its  very  exiftence  to  a rage 
for  making  and  tranfmuting  metals.  55 

1.  One  of  the  moft  confpicuous  properties  of  the  Luftre. 
metals  is  a particular  brilliancy  which  they  polTefs,and 
w^hich  has  been  called  the  metallic  lujire.  This  proceeds 

from  their  refleding  much  more  light  than  any  other 
body  ; a property  which  feems  to  depend  partly  on  the 
clofenefs  of  their  texture.  This  renders  them  peculiarly 
proper  for  mirrors,  ot  which  they  always  form  the  bafis.  56 

2.  They  are  abfolutely  opaque,  or  Impervious  to  Opacity, 
light,  even  after  they  have  been  reduced  to  very  thin 
plat«.s.  Silver  leaf,  for  inftauce,  -rslss-ir  of  an  inch 

thick,  does  not  permit  the  fmalleft  ray  of  light  to  pafs 
through  it.  Gold,  however,  may  be  rendered  tranf- 
parent  ; for  gold  leaf,  j 5-00  of  an  inch  thick,  tranf- 

mits  light  of  a lively  green  colour*.  And  it  is  \-\ot  * N’/ckot/ons 
improbable  that  all  the  other  metals,  as  Sir  Ifaac 
Newton  fuppofed,  would  become  tranfparent,  if  they 
could  be  reduced  to  a fufficient  degree  of  thinnefs.  It 
is,  to  this  opacity  that  a part  of  the  excellence  of  the 
metals,  as  mirrors,  is  owing  ; their  brilliancy  alcne 
would  not  qualify  them  for  that  purpole.  57 

3.  They  may  be  melted  by  the  application  of  heat,  Fufibiiity. 
and  even  then  ftill  retain  their  opacity.  This  property 

N n enables 


(v)  This  ingenious  theory  was  firft  conceived  by  Dr.  Rutherford,  as  appears  from  the  following  paffage  of 
his  thefis.  “ Ex  iifdem  eflam  deducere  licet  quod  aer  ille  malignus  (azotic  gas)  componitur  ex  acre  aUnoJphertco 
cum  phlogijlo  iinito  et  quaji  futiirato.  Atque  idem  cenfirmatur  eo,  quod  aer  qui  metallorum  calcinationi  jam  in- 
ferviit,  et  phlogifton  ab  iis  abripuit  ejufdcrn  plane  fit  indolis.”  De  acre  Mephitico,  p.  20, 

(w)  Or  rather  of  hydrogen,  for  he  confidered  carbon  itfelf  as  a compound. 

(6)  If  this  be  true,  from  whence  comes  the  nitric  acid  in  thofe  calcareous  caves  in  which  there  is  neither 
animal  nor  vegetable  putrefadlon,  but  in  which  nitre  is  formed  ? 
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Metals,  enables  us  to  caft  them  In  moulds,  and  then  to  give 
them  any  fliape  we  pleafe.  In  this  manner  many  ele- 

58  giint  iron  utenfils  are  formed. 

Gravity.  4,  Their  fpecific  gravity  is  greater  than  that  of  any 
other  body  hitherto  difeovered. 

5.  They  are  better  condueftors  of  eledlricity  than  any 

59  other  body. 

Malleabili-  6.  But  one  of  their  mod  important  properties  is 
malleability i by  which  is  meant  the  capacity  of  being 
extended  and  flattened  when  ftruck  with  a hammer. 
This  property  enables  us  to  give  the  metallic  body  any 
form  we  think  proper,  and  thus  renders  it  eafy  for  us 
to  convert  them  into  the  various  inftruments  for  which 
we  have  occafion.  All  metals  do  not  poffefs  this  pro- 
perty ; but  it  is  remarkable  that  almoft  all  thofe  which 
were  known  to  the  ancients  have  it.  Heat  increafes 

60  this  property  confiderably. 

Dusftility.  -7,  Another  property  which  is  alfo  wanting  in  many 
of  the  metals,  is  duffility  ; by  which  we  mean  the  capa- 
city of  being  drawn  out  into  wire,  by  being  forced 
through  holes  of  various  diameters.  This  property  has 
by  fome  been  called  tenacity  ; and  it  doubtlefs  depends 

61  upon  the  tenacity  of  the  various  metals. 

Calcination  8.  When  expofed  to  the  adion  of  heat  and  air,  mod 
of  the  metals  lofe  their  ludre,  and  are  converted  into 
earthy-like  powders  of  different  colours  and  properties, 
according  to  themetal,and  the  degree  of  heat  employed. 
Several  of  the  metals  even  take  fire  when  expofed  to 
a drong  enough  heat  ; and  after  combudion  the  refl- 
duum  is  found  to  be  the  very  fame  earthy-like  fub- 
flance.  If  any  of  thefe  calces^  as  they  are  called,  be 
mixed  with  charcoal- powder,  and  expofed  to  a drong 
heat  In  a proper  veffel,  it  is  changed  again  to  the  metal 

6a  from  which  it  was  produced.  From  thefe  pheno-mena 
Stahl’s  the-  Stahl  concluded  that  metals  were  compofed  of  earth 
ory  of  the  phlogijion.  He  was  of  opinion  that  there  was  only 

of'^etair”  primitive  earth,  which  not  only  formed  the  bafis  of 

all  thofe  fubdances  known  by  the  name  of  earths,  but 
the  bafis  alfo  of  all  the  metals.  He  found,  however, 
that  it  was  impoflible  to  combine  any  mere  earth  with 
phlogidon;  and  concluded,  therefore,  with  Beecher,  that 
there  was  another  principle  befides  earth  and  phlogif- 
ton  which  entered  into  the  compofition  of  the  metals. 
To  this  principle  Beecher  gave  the  name  of  mercurial 
earth,  becaufe  according  to  him,  it  exided  mod  abun- 
dantly in  mercury.  This  principle  was  fuppofed  to  be 
very  volatile,  and  therefore  to  fly  off  during  calcination: 
and  fome  chemids  even  affirmed  that  it  might  be  ob- 
tained in  the  foot  of  thofe  chimneys  under  which  metals 

63  have  been  calcined. 

Defe<5tivc.  A driking  defedt  was  foon  perceived  in  this  theory. 

The  original  metal  may  be  again  produced  by  heating 
its  calx  along  with  fome  other  fiibdance  which  contains 
phlogidon : now,  if  the  mercurial  earth  flies  off  during 
combudion,  it  cannot  be  neceffary  for  the  formation  of 
complete  metals,  for  they  may  be  produced  without  it ; 
if,  on  the  contrary,  it  adheres  always  to  the  calx,  there 
is  no  proof  of  its  exidence  at  all.  Chemids,  in  confe- 
quence  of  thefe  obfervations,  found  themfelves  obliged 
to  difeard  the  mercurial  principle  altogether,  and  to 
conclude  that  metals  were  compofed  of  earth  only, 
united  to  phlogidon.  But  if  this  be  really  the  cafe, 
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how  comes  it  that  thefe  two  fubdances  cannot  be  uni-  Metals, 
ted  by  art  ? Henkel  was  the  fird  who  attempted  to 
folve  this  difficulty.  According  to  him,  earth  and  improved 
phlogidon  are  fubdances  of  fo  oppofite  a nature,  that  by  Henke! 
it  is  exceedingly  difficult,  or  rather  it  has  been  hitherto 
impoffible  for  us  to  commence  their  union  ; but  after 
it  has  been  once  begun  by  nature,  it  is  an  eafy  matter 
to  complete  it.  No  calcination  has  hitherto  deprived 
the  metals  of  all  their  phlogidon  ; fome  dill  adheres  to 
the  calces.  It  is  this  remainder  of  phlogidon  which 
renders  it  fo  eafy  to  redore  them  to  their  metallic  date. 

Were  the  calcination  to  be  continued  long  enough  to 
deprive  them  altogether  of  phlogidon,  they  would  be 
reduced  to  the  date  of  other  earths  ; and  then  It  would 
be  equally  difficult  to  convert  them  into  metals,  or,  to 
life  a chemical  term,  to  reduce  them.  Accordingly  we 
find,  that  the  more  completely  a calx  has  been  calcined, 
the  more  difficult  is  its  redudtion.  This  explanation 
was  favourably  received.  But  after  the  charaftetidic  Fartheriir 
properties  of  the  various  earths  had  been  afeertained,  proved, 
and  the  calces  of  metals  were  accurately  examined,  it 
was  perceived  that  the  calces  differed  in  many  particu- 
lars from  all  the  earths,  and  from  one  another.  To  call 
them  all  the  fame  fubdance,  then,  was  to  go  much  far- 
ther than  either  experiment  or  obfervation  would  war- 
rant, or,  rather,  it  was  to  declare  open  war  againd  both 
experiment  and  obfervation.  It  was  concluded,  there- 
fore, that  each  of  the  metals  was  compofed  of  a pecu- 
liar earthy  fuhjlance  combined  with  phlogidon.  For 
this  great  improvement  in  accuracy,  chemidry  is  chiefly 
indebted  to  Bergman. 

But  there  were  feveral  phenomena  of  calcination  Still  impe 
which  had  all  this  time  been  unaccountably  overlooked.  feiS. 

The  calces  are  all  confiderably  heavier  than  the  metals 
from  which  they  are  obtained.  Boyle  had  obferved 
this  circumdance,  and  had  aferibed  it  to  a quantity  of 
Jire  which,  according  to  him,  became  fixed  in  the  me- 
tal during  the  procefsj.  But  fucceeding  chemids  paid  | Fire  ana 
little  attention  to  it,  or  to  the  aftion  of  air,  till  Mr 
voider  publiflied  his  celebrated  experiments  on  calclna-^"^- 
tion,  in  the  memoirs  of  the  Paris  Academy  for  1774. 

He  put  eight  ounces  of  tin  into  a large  glais  retort,  the 
point  of  which  was  drawn  out  into  a very  flender  tube 
to  admit  of  eafy  fudon.  This  retort  was  heated  flowly 
till  the  tin  began  to  melt,  and  then  fealed  hermetically. 

This  heat  was  applied  to  expel  fome  of  the  air  from 
the  retort ; without  which  precaution  It  would  have  ex- 
panded and  burd  the  veffel.  The  retort,  which  was 
capable  of  containing  250  cubic  inches,  was  then  weigh- 
ed accurately,  and  placed  again  upon  the  dre.  The  tin  67 
foon  melted,  and  a pellicle  formed  on  Its  top,  which  Refuted 
was  gradually  converted  into  a grey  pow’der  that  funk  Lavoifici 
by  a little  agitation,  to  the  bottom  of  the  liquid  metal: 
in  fliort,  the  tin  was  partly  converted  into  a calx.  This 
procefs  w'ent  on  for  three  hours ; after  w'hich  the  cal- 
cination dopped,  and  no  farther  change  could  be  pro- 
duced on  the  metal.  The  retort  was  then  taken  from 
the  fire,  and  found  to  be  precifely  of  the  fame  weight 
as  before  the  operation.  It  is  evident,  then,  that  no 
new  fubdance  had  been  introduced,  and  that  therefore 
the  increafed  weight  of  calces,  cannot,  as  Boyle  fuppo-  , 

fed,  be  owing  to  the  fixation  of  fire  (x).  ^ 

When 


(x)  This  experiment  had  been  performed  by  Boyle  with  the  fame  fuccefs.  He  had  drawn  a wrong  conclufioni 
from  not  attending  to  the  date  of  the  air  of  the  veffel.  Sha'iv’s  Boyle^  II.  394, 
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Metals.  When  the  point  of  the  retort  was  broken,  the  air 
rufhed  in  with  a hiffing  noife,  and  the  weight  of  the 
retort  was  increafed  by  ten  grains.  Ten  grains  of 
air,  therefore,  muft  have  entered,  and,  confequently, 
precifely  that  quantity  rnuft  have  difappeared  during 
the  calcination.  The  metal  and  its  calx  being  weigh- 
ed, were  found  juft  ten  grains  heavier  than  before  : 
th«refore,  the  air  which  difappeared  was  abforbed  by 
the  metal  : and  as  that  part  of  the  tin  which  remained 
in  a metallic  ftate  was  unchanged,  it  is  evident  that  this 
air  muft  have  united  with  the  calx.  The  increafe  of 
weight,  then,  which  metals  experience  during  calcina- 
tion, is  owing  to  their  uniting  with  air  (v).  But  all 
the  air  in  the  veflel  was  not  abforbed,  and  yet  the  cal- 
cination would  not  go  on.  It  is  not  the  whole,  then, 
but  fome  particular  part  of  the  air  which  unites  with 
the  calces  of  metals.  By  the  fubfequent  difcoveries  of 
Prieftley,  Scheele,  and  Lavoifier  himfelf,  it  was  afcer- 
tained,  that  the  refiduum  of  the  air,  after  calcination 
has  been  performed  in  it,  is  always  pure  azotic  gas : 
It  follows,  therefore,  that  it  is  only  the  oxygen  which  com- 
bines with  calces  ; and  that  a metallic  calx  is  not  a fimple 
fubftance,  but  a compound.  Mr  Lavoifier  obferved, 
that  the  weight  of  the  calx  was  always  equal  to  that 
of  the  metal  employed,  together  with  that  of  the  oxy- 
gen  abforbed.  It  became  a queftion,  then.  Whether 
metals,  during  calcination,  loft  any  fubftance,  and,  con- 
fequfently,  whether  they  contained  any  phlogifton  ? Mr 
Lavoifier  accordingly  propofed  this  queftion;  and  he 
anfwered  it  himfelf  by  a number  of  accurate  experi- 
ments  and  ingenious  obfervations.  Metals  cannot  be  cal- 

I cined,  excepting  in  contaft  with  oxygen,  and  in  propor- 

' lion  as  they  combine  with  it.  Confequently  they  not  only 

abforb  oxygen  during  their  calcination,  but  that  abforp- 
tion  is  abfolutely  neceffary  to  their  alTuming  the  form 
of  a calx.  If  the  calx  of  mercury  be  heated  in  a re- 
tort, to  which  a pneumatic  apparatus  is  attached,  to 
the  temperature  of  1 200°,  it  is  converted  into  pure  mer- 
cury ; and,  at  the  fame  time,  a quantity  of  oxygen  fe- 
parates  from  it  in  a gafeous  form.  As  this  procefs  was 
performed  in  a clofe  veftel,  no  new  fubftance  could  en- 
ter : The  calx  of  mercury,  then,  was  reduced  to  a me- 
tallic ftate  without  phlogifton.  The  weights  of  the 
metal,  and  the  oxygen  gas,  are  together  juft  equal  to 
that  of  the  calx ; the  calx  of  mercury,  therefore,  muft 
be  compofed  of  mercury  and  oxygen ; confequently, 
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there  is  no  reafon  whatever  to  fuppofe  that  mercury 
contains  phlogifton.  Its  calcination  is  merely  the  aift 
of  uniting  it  with  oxygen  (z).  The  calces  of  lead, 
filver,  and  gold,  may  be  decompofed  exadlly  in  the  fame 
manner  ; and  Mr  Van  Marum,  by  means  of  his  great 
electrical  machine,  decompofed  alfo  thofe  of  tin,  zinc, 
and  antimony,  and  refolved  them  into  their  refpeclive 
metals  and  oxygen  |j.  The  fame  conclufions,  therefore, 
muft  be  drawn  with  refpefi  to  thefe  metals.  All  the 
metallic  calces  may  be  decompofed  by  prefenting  to 
them  fubftances  which  have  a greater  affinity  for  oxy- 
gen than  they  have.  This  is  the  reafon  that  charcoal- 
powder  is  fo  efficacious  in  reducing  them  : and  if  they 
are  mixed  with  it,  and  heated  in  a proper  veflel,  fur- 
nifhed  with  a pneumatic  apparatus,  it  w'ill  be  eafy  to 
difcover  wdiat  palTes.  During  the  redudion,  a great 
deal  of  carbonic  acid  gas  comes  over,  which,  together 
with  the  metal,  is  equal  to  the  weight  of  the  calx  and 
the  charcoal : it  muff  therefore  contain  all  the  ingre- 
dients ; and  we  know  that  carbonic  acid  gas  is  ccmpo- 
fed  of  carbon  and  oxygen.  During  the  procefs,  then, 
the  oxygen  of  the  calx  combined  with  the  charcoal  and 
the  metal  remained  behind.  It  cannot  be  doubted, 
therefore,  that  all  the  metallic  calces  are  compofed  of 
the  entire  metals  combined  with  oxygen;  and  that  cal- 
cination, like  combuftion,  is  merely  the  ad  of  this  com- 
bination. All  metals,  then,  in  the  prefent  ftate  of  che- 
miftry,  muft  be  confidered  as  fimple  fubftances ; for 
they  have  never  yet  been  decompounded. 

The  words  calx  and  calcination  are  evidently  impro- 
per, as  they  convey  falfe  ideas  ; w^e  fhall  therefore  af- 
terwards employ,  in  ftead  of  them,  the  words  0x71/ and 
oxydation,  which  were  invented  by  the  French  chemifts. 
A metallic  oxyd  fignities  a metal  united  with  oxygen  ; 
and  oxydation  implies  the  ad  of  that  union. 

Metals  are  capable  of  uniting  with  oxygen  in  diff'er^ 
ent  proportions,  and,  confequently,  of  forming  each 
of  them  different  oxyds.  Thefe  are  diftinguifhed  from 
one  another  by  their  colour.  One  of  the  oxyds  of  iron, 
for  inftance,  is  of  a green  colour  ; it  is  therefore  called 
the  green  oxyd ; the  other,  which  is  brown,  is  called  the 
brown  oxyd. 

The  metals  at  prefent  amount  to  21  ; only  1 1 of 
which  were  known  before  the  year  1730.  Their  names 
are  gold,  filver,  platinum,  mercury,  copper,  iron,  tin, 
lead,  zinc,  antimony,  bifmulh,  arfenic,  cobalt,  nickel, 
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(y)  It  is  remarkable  that  John  Rey,  a phyfician  of  Perigord,  had  aferibed  it  to  this  very  caufe  as  far  back  as 
the  year  1630  : But  his  writings  had  excited  little  attention,  and  had  funk  into  oblivion,  till  after  his  opinion  bad 
been  inconteftibly  proved  by  Lavoifier.  Mayow  alfo,  in  the  year  1674,  aferibed  the  increafe  of  weight  to  the 
combination  of  metals  with  oxygen,  ^ipps  vix  concipi potejl  (fays  he),  unde  augmentum  illud  antimonii  ( calcinati) 
niji  a particuUs  nitro^aereis  igneifque  inter  caldnandum  fixis  procedat.  Trad.  p.  28.  Plane  ut  antimonii  Jixatio  non 
tarn  a fulphuris  ejus  externi  ajfumptione,  quam  particuUs  nitro-aereisy  quibus  flamma  nitri  abundat,  ei  infixis  prove- 
nire  videatur.  Ibid.  p.  29. 

(z)  This  experiment  was  performed  by  Mr  Bayen  in  1774.  This  philofopher  perceived,  earlier  than  La* 
voifier,  that  all  metals  did  not  contain  phlogifton.  **  Ces  experiences  (fays  he)  vont  nous  detromper.  Je 
ne  tiendrai  plus  le  language  des  difciples  de  Stahl,  qui  feront  forces  de  reftreindre  la  dodrine  fur  le  phlogiftique, 
oil  d’avouer  que  les  precipites  mercurials,  dont  je  parle,  ne  font  pas  des  chaux  metalliques,  ou  enfin  qu’il  y a, 
des  chaux  qui  peuvent  fe  reduire  fans  le  concours  du  phlogiftique.  Les  experiences  que  j’ai  faites  me  force  ds 
eonclure  que  dans  la  chaux  mercuriale  dont  je  parle,  le  mercure  doit  fon  etat  calcaire,  non  a la  perte  du  phlogiftique. 
qu’il  na  pas  effuyee,  mats  a fa  combinaifon  intime  avec  le  fluide  eloftique,  dont  le  poids  ajoute  a celui  du  mer- 
cure eft  la  feconde  caufe  de  I’augmentution  de  pefanteur  qu’on  obferve  dans  les  precipites  que  j’ai  foumis  a 
Pexamen.”  Jour.de  Phyf.  1774,  pages  288,  295.  It  was  in  confequence  of  hearing  Bayen’s  paper  read  that 
Lavoifier  was  induced  to  turn  his  attention  to  the  fubjed. 
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Peru,  and  In  the  mine  of  Santa  Fe,  near  Carthagena. 
The  workmen  of  thefe  mines  muft  no  doubt  have  been 
early  acquainted  with  it;  but  they  feem  to  have  paid 
very  little  attention  to  it.  It  was  unknown  in  Europe 
till  Mr  Wood  brought  fome  of  It  from  Jamaica  in  1741. 
Soon  after  It  was  noticed  by  Don  Antonio  de  Ulloa, 
a Spanifh  mathematician,  who  had  accompanied  the 
French  academicians  to  Peru  in  their  voyage  to  mea- 
fure  a degree  of  the  meridian.  In  the  year  1752,  it 
was  examined  by  Scheffer  of  Sweden,  and  difcovered 
by  him  to  be  a new  metal,  approaching  very  much  to 
the  nature  of  gold,  and  therefore  called  by  him  aurum 
album,  ’white  gold.  Soon  after  it  was  examined  by 
Lewis,  Margraf,  Macquer  and  Beaume,  Morveau, 
Bergman,  and  many  other  illuftrious  chemifts. 

Platinum,  when  pure,  is  of  a white  colour  like  filver, 
but  not  fo  bright  (k).  It  has  no  talle  nor  fmell. 

It  is  both  dudlile  and  malleable  ; but  the  precife 
degree  has  not  yet  been  afcertained.  It  has  been  drawn 
into  a wire  of  of  an  inch  in  diameter.  This  wire 
admitted  of  being  flattened,  and  had  more  ftrength 
than  a wire  of  filver  or  gold  of  the  fame  fize:}:. 

It  is  exceedingly  difficult  to  fufe  it.  Macquer  and 
Beaume  fucceeded  by  means  of  a powerful  burning- 
glafs.  It  melts  more  eafily  when  mixed  with  other 
fubftances.  Its  fixity  is  ftill  greater  than  its  infufibili- 
ty.  If  the  ftrongeft  fires  cannot  melt  it,  much  lefs  can 
they  volatilize  it. 

Its  hardnefs  is  7,5 H.  Its  fpecific  gravity,  after  being 
hammered,  is  23,000  ; fo  that  it  is  by  far  the  heaviefl 
body  known. 

Some  of  the  experiments  which  have  been  made  on 
platinum  feem  to  prove  that  it  may  be  oxydated  by  the 
application  of  a violent  heat.  The  oxyd  of  this  metal 
may  be  eafily  formed  by  dlffolving  platinum  in  nitro- 
muriatic  acid,  and  precipitating  it  by  means  of  an  earth 
or  potafs.  The  various  oxyds  of  platinum  have  never 
yet  been  examined  with  accuracy.  The  one  at  prefent 
beft  known  pofTeffes,  as  Mr  Berthollet  has  proved,  the 
properties  of  an  acid. 

"The  fulphuret  of  platinum  Is  unknown. 

By  mixing  together  an  ounce  of  platinum,  an  ounce 
of  phofphoric  glafs,  and  a dram  of  powdered  charcoal, 
and  applying  a heat  of  about  32°  Wedgewood,  Mr 
Pelletier  formed  a phofphuret  of  platinum  weighing  more 
than  an  ounce.  It  was  partly  in  the  form  of  a button, 
and  partly  in  cubic  cryftals.  It  was  covered  above  by 
a blackifh  glafs.  It  was  of  a filver  white  colour,  very 
brittle,  and  hard  enough  to  ftrike  fire  with  fteel.  When 
expofed  to  a fire  ftrong  enough  to  melt  it,  the  phof- 
phorus  was  difengaged,  and  burnt  on  the  furface-j-. 

He  found  alfo,  that  when  phofphorus  was  projeded 
on  red  hot  platinum,  the  metal  inftanlly  fufed,  and 
formed  a phofphuret.  As  heat  expels  the  phofphorus, 
Mr  Pelletier  has  propofed  this  as  an  eafy  method  of 
purifying  platinum*. 
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Platinum  does  not  feem  capable  of  combining  with  Platinum 
carbon.  jj 

It  is  not  in  the  lead  affefted  by  the  afllon  of  water 
or  air. 

1.  When  gold  and  Platinum  are  expofed  to  a ftrong  Alloys  of 
heat,  they  combine,  and  form  an  alloy  of  a much  whi-  pladnui'a* 
ter  colour,  but  nearly  as  dudtile  as  gold.  The  propor- 
tions of  the  ingredients  are  not  known.  When 

ly  of  the  alloy  is  platinum,  the  gold  is  fcarcely  altered 
in  colour. 

2.  Whether  filver.and  platinum  combine  chemically 
has  not  yet  been  properly  afcertained.  When  fufed 
together  (for  which  a very,  ftrong  heat  is  neceftary), 
they  form  a mixture  not  fo  ductile  as  filver,  but  harder 
and  lefs  white.  The  two  metals  are  feparated  by  keep- 
ing them  for  fome  time  in  the  ftate  of  fufion  ; the  pla- 
tinum finking  to  the  bottom  from  its  weight.  This- 
circumftance  would  induce  one  to  fuppofe  that  there  is 
very  little  affinity  between  them. 

Sect.  IV.  Of  Mercury. 

Mercury,  called  2\{o  quichflver,  was  known  to  the 
ancients,  and  feems  to  have  been  employed  by  them  in 
gilding. 

It  is  of  a white  colour,  exadly  like  that  of  polifhed 
filver.  It  has  no  tafte,  but  acquires  a fight  odour 
when  rubbed  between  the  hands. 

Its  fpecific  gravity  is  I3,568f. 

It  differs  from  all  other  metals  in  always  exifting,  at 
the  common  temperature  of  the  atmofphere,  in  a ftate 
of  fluidity.  It  freezes  at  39°*;  or,  which  is  the  fame 
thing.  It  ceafes  to  be  a folid,  and  melts  whenever  it  is 
placed  in  a temperature  above  39°.  It  boils  at  the 
temperature  of  600®. 

From  the  experiments  made  on  frozen  mercury  In 
Ruflia,  Fludfon’s  Bay,  and  Britain,  we  know  that  this 
metal,  when  folid,  is  malleable ; but  the  extreme  dif- 
ficulty of  examining  it  in  that  ftate  on  account  of  the 
lownefs  of  the  temperature,  has  rendered  it  hitherto  im- 
poflible  to  afcertain  the  precife  degree  either  of  its  mal- 
leability, du(5lility,  or  hardnefs. 

Mercury  is  capable  of  combining  with  oxygen,  and 
of  forming  oxyds,  differing  from  each  other  in  the  quan- 
tity of  oxygen  which  they  contain.  The  oxyds  of  mercu- 
ry, at  prefent  known,are  the  blach,  xh& yello’w,-AX\d  the  red. 

1.  When  mercury  is  agitated  for  fome  time  in  con- 
taff  with  oxygen  gas,  or  atmofpheric  air,  it  is  partly 
converted  into  a greyifh-black  powder,  and  at  the  fame 
time  part  of  the  oxygen  difappears.  This  is  the  black 
oxyd  of  mercury.  It  is  nor  known  how  much  oxygen 
it  contains,  nor  even  whether  the  whole  of  the  mercury 
which  compofes  it  be  adually  combined  with  oxygen. 

2.  The  beft  way  of  forming  the  yellow  oxyd  is  to 
diffolve  mercury,  either  in  boiling  fulphuric  acid  or  hi 
cold  nitric  acid.  During  its  folution,  it  deprives  thefe 
acids  of  juft  as  much  oxygen  as  is  necelfary  to  convert 

it 
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bus  non  reftitit.  Et  eledtro  aufloritas,  Homero  tefte,  qui  Menelai  reglam  auro,  eledlro,  argento,  ebore  fulgere 
tradit.  Minervas  templum  habet  Lindos  infulse  Rhodiorum  in  quo  Helena  facravit  calicem  ex  eledtro. — Eledtri  na- 
tura  eft  ad  lucernarum  lumina  clarius  argento  fplendere.  Q^od  eft  nativum,  et  venena  deprehendit.  N-amque  dif. 
currunt  in  calicibus  arcus  coeleftibus  fimiles  cum  igneo  ftridore,  et  gemina  ratione  prcsdicunt.” — Lib.  xxxiii.  cap.  iv* 
(k)  To  this  colour  it  owes  its  name-  Plata,  in  Spanith,  is Jiher  ; and  platma,  little  filver,  was  the  name  firft 
given  to  the  metal.  Bergman  changed  that  name  into  platinum,  that  the  Latin  names  of  all  the  metals  might 
have  the  fame  termination  and  gender.  It  was*  however,  firft  called  platinum  by  Linnasus.. 
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C H E M T 

it  into  a yellow  oxyd  5 and  if  potafs  or  lime  fee  after- 
wards added  to  the  folution,  it  precipitates,  and  may 
be  obtained  pure  by  walhing  it  with  water.  It  is  a 
bright  yellow  coloured  powder,  which  afts  very  power- 
fully as  an  emetic.  From  the  obfervations  of  Bergman, 
it  appears  that  it  is  compofed  of  about  96,8  parts  of 
mercury,  and  3,2  of  oxygen*. 

3.  The  red  oxyd  of  mercury  may  be  prepared,  either 
by  diftilHng  nitric  acid  off  the  metal  repeatedly,  or  by 
keeping  mercury  for  a long  time  expofed  to  a heat  fuffi- 
cient  to  evaporate  it  while  it  is  in  contact  with  air. 
When  formed  by  the  firft  procefs  it  was  formerly  call- 
ed red  precipitate  ; when  by  the  laft,  precipitate  per  fe. 
It  is  a beautiful  red  powder,  or  ratherfmall  red  cryftals, 
which  have  fomeefcharotic  qualities.  When  prepared 
by  the  fecond  procefs,  the  heat  muft  not  be  much  be- 
low 600°,  nor  much  above  800°,  otherwife  no  union 
would  take  place  ; and  it  muft  be  continued  for  fome 
weeks.  From  the  experiments  of  Mr  Kirwan,  it  ap- 
pears to  contain  92,6  parts  of  mercury,  and  7,4  of  oxy- 
gen*. 

Thefe  oxyds  may  be  decompofed  by  the  applica- 
tion of  a heat  amounting  to  1200®.  The  oxygen  flies 
off  in  the  form  of  gas,  and  running  mercury  remains 
behind. 

The  affinities  of  the  oxyds  of  mercury,  stccording  to 
Bergman,  are  as  follows : 

Sebacic  acid, 

Muriatic, 

Oxalic, 

Succinic, 

Arfenic, 

Phofphoric, 

Sulphuric, 

Benzoic(L)? 

Saccholadic, 

Tartarous, 

Citric, 

Sulphurous, 

Nitric, 

Fluoric, 

Zoonic(M)? 

Acetous, 

Boracic, 

Pruflic, 

Carbonic. 

When  two  parts  of  mercury  and  three  parts  of  flowers 
of  fulphur  are  triturated  for  fome  time  together,  or 
when  equal  parts  of  mercury  and  melted  fulphur  are 
mixed  together,  they  combine,  and  form  a black  pow- 
der, formerly  called  eihiops  mineral,  and  now  black  ful- 
phuret  of  mercury. 

When  300  grains  of  mercury,  and  68  of  fulphur, 
with  a few  drops  of  folution  of  potafs  to  moiften  them, 
are  triturated  for  fome  time  in  a porcelain  cup,  by 
means  of  a glafs  peftle,  black  oxyd  of  mercury  is  pro- 
duced. Add  to  this  160  grains  of  potafs,  diffolved  in 
as  much  water.  Heat  th^e  veffel  containing  the  in- 
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gredients  over  the  flame  of  a candle,  and  continue  the  Mercuj 
trituration  without  interruption  during  tlie  heating.  ' 

In  proportion  as  the  liquid  evaporates,  add  clear  water 
from  time  to  time,  fo  that  the  oxyd  may  be  conftantly 
covered  to  the  depth  of  near  an  inch.  The  trituration 
muft  be  continued  about  two  hours  ; at  the  end  of 
which  time  the  mixture  begins  to  change  from  its  ori-  1 

ginal  black  colour  to  a brown,  which  ufually  happens  I 

when  a large  part  of  the  fluid  is  evaporated.  It  then  ! 

paffes  very  rapidly  to  a red.  No  more  water  is  to  be 
added  ; but  the  trituration  is  to  be  continued  without  | 

interruption.  When  the  mafs  has  acquired  the  coni-  ' 

fiftence  of  a jelly,  the  red  colour  becomes  more  and 
more  bright,  with  an  incredible  degree  of  quicknefs. 

The  inftant  the  colour  has  acquired  its  utmoft  beauty,, 
the  heat  muft  be  withdrawn,  otherwife  the  red  paffes 
to  a dirty  brown.  This  red  powder  is  the  red  fulphu- 
ret  of  mercury,  called  formerly  cinnabar,  and,  when  re- 
duced to  a fine  powder,  vermUion^-a).  The  procefs. 
above  defcribed,  has  been  lately  difcovered  by  Mr  Kir- 
choff,  and  is  by  far  the  fimpleft  and  cheapeft  mode  of 
forming  red  fulphuret  with  which  we  are  acquainted*.  * NIMp 
Count  De  Mouffin  Poufchin  has  difcovered,  that  its  Joum.ii. 
paffing  to  a brown  colour  may  be  prevented  by  taking 
it  from  the  fire  as  foon  as  it  has  acquired  a red  colour, 
and  placing  it  for  two  or  three  days  in  a gentle  heat, 
taking  care  to  add  a few  drops  of  water,  and  to  agitate 
the  mixture  from  time  to  time.  During  this  expofure, 
the  red  colour  gradually  improves,  and  at  laft  becomes 
excellent.  He  difcovered  alfo,  that  w'hen  this  fulphu- 
ret is  expofed  to  a ftrong  heat,  it  becomes  inftantly 
brown,  and  then  paffes  into  a dark  violet  ; when  taken 
from  the  fire,  it  paffes  inftantly  to  a beautiful  carmine 
red  j".  ^ .j.  jiij.  p. 

The  difference  between  thefe  two  fiilphurets  has  never 
yet  been  afcertained.  One  would  be  apt  to  fufpedt  at 
firft  that  the  black  fulphuret  confifts  of  the  real  fulphu- 
ret of  mercury  combined  with  fulphur  ; the  red,  of  the 
fulphuret  of  mercury  combined  with  mercury,  and  that 
the  real  fulphuret  of  mercury  was  not  yet  accurately 
known.  But  it  cannot  be  doubted  that,  during  the 
formation  of  the  red  fulphuret,  according  to  Kirchoff’s 
procels,  there  is  an  abforption  of  oxygen.  The  phe- 
nomena above  defcribed  point  out  that  almoft  incon- 
teftibly  ; and  we  obferved,  on  attempting  to  repeat  the 
experiment,  that  the  black  fulphuret,  during  its  tritu- 
ration, emitted  fulphurated  hydrogen  gas.  Perhaps, 
then,  the  mercury  may  be  oxydated.  We  fufpeded  at 
firft  that  part  of  the  fulphur  might  be  converted  into 
an  acid  ; but  on  attempting  an  alteration  of  the  procefs 
in  confequence  of  that  fuppofition,  we  could  not  fucceed. 

The  red  fulphuret  of  mercury  is  found  naturally  in 
feveral  parts  of  the  world.  It  ufed  to  be  prepared  by 
forming  a black  fulphuret  wftth  three  parts  of  fulphur 
and  one  of  mercury,  and.  then  fetting  fire  to  it.  Part 
of  the  fulphur  is  burnt,  and  there  remains  behind  a vio- 
let coloured  body,  which  is  powdered  and  put  into  a 
glafs  veffel,  to  the  bottom  of  which  a red  heat  is  applied. 

A reddifli 


\ 


] 


I 


I ] 


(l)  Benzoat  of  mercury  is  decompofed  by  fulphuric  acid,  frommfdorf  Ann.  de  Chim.  xi.  316. 

(m)  Zoonic  acid  decompofes  the  acetite  of  mercury.  Berthollet. 

(n)  The  word  ‘vermilion,  is  derived  from  the  French  word  ‘y^r«2?/7,  which  comes  from  vermiculus  or  vermiculum, 
names  given  in  the  middle  ages  to  the  kermes,  or  cocus  ilicis,  well  known  as  a red  dye.  Vermiliem  originally  fig* 
nified  the  red  dyeof  the  kermes,  Beckmann's  Hijl.  of  Difcoveries,  II.  i8g. 
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A reddifh  brown  fubftance  fublimes,  which  Is  red  fuU 
phuret  of  mercury  ; but  its  colour  is  not  nearly  equal  to 
that  which  Is  prepared  by  KerchofF’s  procefs. 

Mr  Pelletier,  after  feveral  unfuccefsful  attempts  to 
form  phofphuret  of  mercury,  at  l^ft  fucceeded  by  dif- 
tilling  a mixture  of  red  oxyd  of  mercury  and  phofpho- 
rus.  Part  of  the  phofphorus  combined  with  the  oxy- 
gen of  the  oxyd,  and  was  converted  into  an  acid  ; the 
reft  combined  with  the  mercury. 

Phofphuret  of  mercury  is  of  a black  colour,  of  a 
pretty  folid  confiftence,  and  capable  of  being  cut  with 
a knife.  When  expofed  to  the  air,  it  exhaled  vapours 
of  phofphorus II . 

Mercury  does  not  feem  capable  of  combining  with 
carbon. 

The  combinations  of  mercury  with  the  other  metals 
are  called  amalgams. 

1.  The  amalgam  of  gold  forms  very  readily,  becaufe 
there  is  a very  ftrong  affinity  between  the  two  metals. 
If  a bit  of  gold  be  dipped  into  mercury,  its  furface,  by 
combining  with  mercury,  becomes  as  white  as  filver. 
The  eafieft  way  of  forming  this  amalgam  is  to  throw 
fmall  pieces  of  red  hot  gold  into  mercury.  The  pro- 
portions of  the  ingredients  are  not  eafily  determined, 
becaufe  the  amalgam  has  an  affinity  both  for  the  gold 
and  the  mercury  ; in  confequence  of  which  they  appear 
to  combine  in  any  proportion.  Moft  probably  it  is 
compofed  of  two  parts  of  gold  and  one  of  mercury. 
The  combination  is  formed  moft  readily  in  thefe  pro- 
portions ; and  if  too  much  mercury  be  added,  it  may  be 
feparated  by  filtration.  The  amalgam  is- of  a white 
colour,  and  of  the  confiftence  of  butterf.  This  amal- 
gam cryftallizes  in  quadrangular  prifms  ; which  cry- 
ttals,  according  to  the  Dijon  academicians,  are  compo- 
fed of  fix  parts  of  mercury  and  one  of  gold.  It  is 
much  ufed  in  gilding. 

2.  The  amalgam  of  filver  Is  made  In  the  fame  man- 
ner. It  forms  dendritical  cryftals,  which,  according  to 
the  Dijon  academicians,  contain  eight  parts  of  mercury 
and  one  of  filver.  Gellert  was  the  firft  who  remarked 
that  its  fpecific  gravity  was  greater  than  that  of  mer- 
cury, tliough  that  of  filver  be  lefs. 

3.  Dr  Lewis  attempted  to  form  an  amalgam  of  pla- 
tinum, but  hardly  fucceeded,  after  a labour  which  lafted 
for  feveral  weeks.  Mr  Morveau  fucceeded  by  means  of 
heatf.  But  a much  more  expeditious  method  has 
been  lately  difcovered  by  Count  Mouffin  Poufchin.  He 
took  a dram  of  the  orange-coloured  fait,  compofed  of 
oxyd  of  platinum  and  ammonia  (o),  and  triturated  it 
with  an  equal  weight  of  mercury  in  a mortar  of  chal- 
cedony. In  a few  minutes  the  fait  became  brown,  and 
afterwards  acquired  a greenilh  lhade.  The  matter  was 
reduced  to  a very  fine  powder.  Another  dram  of  mer- 
cury was  added,  and  the  trituration  continued  : The 
matter  became  grey.  A third  dram  of  mercury  began 
to  form  an  amalgam  ; and  fix  drams  made  the  amalgam 
perfed.  The  whole  operation  fcarce  lafted  20  minutes. 
Mercury  was  added  till  it  amounted  to  nine  times  the 
weight  of  the  fait,  and  yet  the  amalgam  continued  very 
tenacious.  It  was  eafily  fpread  out  under  the  peftle  ; 
it  received  the  impreffion  of  the  moft  delicate  feals,  and 
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had  a very  clofe  and  brilliant  grain.  This  amalgam  is 
decompofed,  and  the  mercury  paffes  to  the  ftate  of 
black  oxyd  by  the  fimple  contadt  of  feveral  of  the  me- 
tals and  a great  number  of  animal  matters.  This  effedt 
even  takes  place  on  rubbing  it  between  the  fingers*.  * Ibid. 

The  affinities  of  mercury,  as  afcertained  by  the  expe-  94 
riments  of  Morveau  (p),  are  as  follows:  Affinities, 

Gold, 

Silver, 

Tin, 

Lead, 

Bifmuth, 

Zinc, 

Copper, 

A.ntimony, 

Arfenic  ( q^). 

Iron, 

Sect.  V.  Of  Copper. 

Except  gold  and  filver,  copper  feems  to  have  been 
more  early  known  than  any  other  metal.  In  the  firft 
ages  of  the  world,  before  the  method  of  working  iron 
was  difcovered,  copper  was  a principal  ingredient  in  all 
domeftic  utenfils  and  inftruments  of  war.  Even  during 
the  Trojan  war,  as  we  learn  from  Homer,  the  comba- 
tants had  no  other  armour  but  what  was  made  of 
bronze,  which  is  a mixture  of  copper  and  tin.  The 
word  copper  is  derived  from  the  ifland  of  Cyprus,  where 
it  was  firft  difcovered,  or  at  leaft  wrought  to  any  ex- 
tent, by  the  Greeks. 

Copper  is  of  a pale  red  colour  with  a fhade  of  yel-  Properties 
low.  Its  tafte  is  ftyptic  and  naufeous  ; and  when  rub-  of  coppe» 
bed  It  emits  a difagreeable  fmell.  It  poftefies  a confi- 
derable  degree  of  malleability,  though  lefs  than  filver. 

Its  tenacity  is  fuch,  that  a wire  of  of  an  inch  In  dia- 
meter can  fuftain  a weight  of  299^  pounds  without 

breakingf . f Masquer  s 

Its  hardnefs  is  8 j:.  Its  fpecific  gravity,  when  not  Biff. 
hammered,  is  7,788  ; when  wire-drawn,  8,878||.  The  ^ Kir-wafs 
fpecific  gravity  of  Japan  copper  is  9,000*;  that  of 
Swedifti  copper,  9,3243f.  \\BriJfon. 

It  melts  at  27°  Wedge  wood  ; according  to  the  cal-  * Kdrs 
culation  of  the  Dijon  academicians,  at  1449®  Fahrenheit.  Notes  on 
When  allowed  to  cool  flowly,  it  aflumes  a cryftalline 
form.  The  Abbe  Mongez,  to  whom  we  owe  many 
valuable  experiments  on  the  cryftallization  of  metals, 
informs  us,  that  thefe  cryftals  are  quadrangular  pyra- 
mids, frequently  inferred  into  one  another.  5,5 

When  copper  is  heated  red  hot  in  contaft  with  air,  Brown 
it  is  foon  covered  with  a brown  earthy  cruft,  which  may  oxyd  of 
be  eafily  feparated  by  hammering  or  by  plunging  the  me-  copper, 
tal  into  water.  If  the  heat  be  continued,  another  feale 
of  the  fame  kind  foon  forms ; and  by  continuing  the 
procefs  the  whole  metal  may  be  converted  into  an  ear- 
thy-like cruft,  which  is  merely  a combination  of  copper 
and  oxygen,  and  is  therefore  called  bro-zun  oxyd  of  copper. 

It  is  compofed  of  about  84  parts  of  copper  and  16  of 

oxygen J.  _ _ _ \ Kiriuan's 

When  copper  Is  diffolved  In  fulphuric  acid,  and  pre-  Miner,  ii. 
cipitated  by  means  of  lime,  it  falls  in  the  form  of  a blue-  487- 

coloured  powder,  which  is  the  blue  oxyd  of  copper.  If  . 

* ..1  • Blue  and 

O o this 

green 
oxyds. 


(0)  Ammonia  is  an  alkali  hereafter  to  be  deferibed.  It  is  often  called,  in  Englifti,  hartjhotn. 

(p)  We  ftiall  have  occafion  to  confider  thefe  celebrated  experiments  afterwards. 

(cl)  Thefe  two  are  added  from  Bergman.  Bergman  places  lead  before  tin,  and  zinc  before  bifmuth. 
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this  oxyd  of  copper  be  dried  In  the  open  air.  It  affumes 
a green  colour,  and  is  then  called  the  green  oxyd  of  cop- 
per. This  lafl:  oxyd  may  alfo  be  produced  by  diftiUing 
a fufficient  quantity  of  nitric  acid  off  copper.  Little 
fatisfaflory  Is  yet  known  with  refpeft  to  thefe  oxyds ; 
it  has  not  even  been  afcertained  whether  the  blue  and 
green  be  really  tw^o  different  oxyds,  or  whether  the  dif- 
ference in  colour  be  owing  to  fome  other  caufe.  It  is 
probable,  however,  that  the  green  oxyd  contains  more 
oxygen  than  the  blue  ; becaufe  the  blue  oxyd  affumes 
a green  colour  when  expofed  for  fome  time  to  the  open 
air,  during  which  it  may  be  fuppofed  to  abforb  oxygen. 
An  experiment  of  Fourcroy  proves  inconteftibly,  that 
the  hrown  oxyd  contains  lefs  oxygen  than  the  green. 
He  converted  the  green  oxyd  into  the  brown  by  applying 
heat ; and  during  the  diftillation  obtained  oxygen  gasj|. 

The  affinities  of  the  oxyds  of  copper,  according  to 
Bergman,  are  as  follows : 

Pyromucous  acid*. 

Oxalic, 

Tartarous, 

Muriatic, 

Sulphuric, 

Saccholaflic, 

Nitric, 

Sebacic, 

Arfenic, 

Phofphoric, 

Succinic, 

Fluoric, 

Citric, 

Formic, 

Ladlic, 

Acetous, 

Boracic, 

Pruffic, 

Carbonic, 

Fixed  alkalies. 

Ammonia, 

Fixed  oils. 

When  copper  Is  long  expofed  to  the  air.  Its  furface 
becomes  covered  over  with  a green  cruft,  which  is  green 
oxyd  of  copper.  This  oxydation  never  penetrates  be- 
yond the  furface. 

•Copper  is  not  attacked  by  water  at  the  boiling  tem- 
perature j but  if  cold  water  be  allowed  to  remain  long 
on  its  furface,  the  metal  becomes  partly  oxydated. 

Sulphur  mixes  readily  with  copper.  The. combina- 
tion may  be  formed  by  mixing  the  ingredients  together 
and  applying  a pretty  ftrong  heat.  Sulphuret  of  copper 
is  brittle,  fofter  than  copper,  of  a black  colour  exter- 
nally, and  within  of  a leaden  grey.  It  is  compofed,  ac- 
cording to  Kirwan’s  experiments,  of  81  parts  of  copper 

* Kiriuan  i and  1 9 of  fulphur*. 

Miner,  ii.  Mr  Pelletier  formed  phofphuret  of  copper  by  melting 
•5°^*  together  one  ounce  of  copper,  one  ounce  of  phofphoric 
Phofphuret  dram  of  charcoal.  It  was  of  a white 

of  copper,  colour.  On  expofure  to  the  air,  it  loft  its  luftre  and 
i,  Ann.  de  became  blackifti|.  Margraf  was  the  firft  perfon  that 
Cbim.  i.  74.  formed  this  phofphuret.  His  method  was  to  diftil 
phofphorus  and  brown  oxyd  of  copper  together.  It 
is  formed  moft  eafily  by  projedling  phofphorus  into  red 
hot  copper.  According  to  Pelletier,  it  contains  20 

• 7i5;i.  xiii.  parts  of  phofphorus  and  80  of  copper*.  This  phof- 

3-  phuretis  harder  than  iron : It  is  not.duflile,  and  yet.can- 
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not  eafily  be  pulverifed.  Its  fpecific  gravity  Is  7,1220. 
It  cryftallizes  in  tetrahedral  prifmsj. 

1 . Copper  combines  readily  with  gold  when  the  two 
metals  are  melted  together.  The  compound  is  of  a 
reddifti  colour,  more  fufible  than  gold,  but  lefs  dudile. 
The  proportions  of  the  ingredients  which  form  this  al- 
loy are  not  known ; nor  would  it  be  eafy  to  afcertain 
them,  as  the  two  metals  are  almoft  equally  fufible.  The 
current  gold  of  this  country  is  compofed  cf  1 1 parts  of 
gold  and  one  part  of  copper. 

2.  The  alloy  of  copper  and  filver  is  made  as  eafily  as 
that  of  gold,  and  the  properties  are  equally  unknown. 
It  is  harder  and  more  fonorous  than  filver.  The  cur- 
rent filver  coin  of  Britain  is  compofed  of  15  parts  of 
filver  and  one  of  copper. 

3.  Platinum  combines  readily  with  copper.  The  al- 
loy is  much  more  fufible  than  platinum  ; it  Is  dudlle, 
hard,  takes  a fine  polifti,  and  is  not  liable  to  tarnifti. 
This  alloy  has  been  employed  with  advantage  for  corn- 
pofing  the  mirrors  of  refleding  telefcopes. 

4.  The  amalgam  of  copper  cannot  be  formed  by  fim- 
ply  mixing  that  metal  with  mercury,  nor  even  by  the 
application  of  heat  ; becaufe  the  heat  neceffary  to  melt 
copper  fublimes  mercury.  Dr  Lewis  has  given  us  fe- 
veral  proceffes  for  forming  this  amalgam.  One  of  the 
fimpleft  is  to  triturate  mercury  with  a quantity  of  com- 
mon fait  and  verdigrife  ; a fubftance  compofed  of  oxyd 
of  copper  and  vinegar.  The  theory  of  this  procefs  is 
not  very  obvious. 

The  affinities  of  copper  are,  according  to  Bergman, 
as  follows: 
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Tin, 

Lead, 

Nickel, 
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Sulphuret  of  alkali. 

Sulphur, 

Phofphorus. 
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Sect.  VI.  Of  Iron.  \ 

Iron,  the  moft  abundant  and  moft  ufeful  of  all  the  Difcoverjf'  » 
metals,  was  neither  known  fo  early,  nor  wrought  fo  of  iron-  | 
eafily,  as  gold,  filver,  and  copper.  For  its  difcovery 
we  muft  have  recourfe  to  the  nations  of  the  eaft,  among 
whom,  indeed,  almoft  all  the  arts  and  fciences  firft  ! 

fprung  up.  The  writings  of  Mofes  (who  was  born 
about  1635  years  before  Chrift)  furniffi  us  with  the^^^°*'*^| 


20. 


ampleft  proof  at  how  early  a period  it  was  known  in  * 

Egypt  and  Phoenicia.  He  mentions  furnaces  for  work- 
ing  iron:};,  ores  from  which  it  was  extraded* ; and  ||  Numb, 
tells  us,  that  fwordslj,  knives^,  axesf,  and  tools  for  xxxv.  16. 
cutting  ftones^,  were  then  made  of  that  metal.  How  1 Levit.  i 
many  ages  before  the  birth  of  Mofes  iron  muft  have  I 
been  difcovered  in  thefe  countries,  we  may  perhaps  con-  y. 
ceive,  if  we  refled,  that  the  knowledge  of  iron  was  §zj,v.xxv 

brought  s.' 
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Iron.  brought  over  from  Phrygia  to  Greece  by  the  Dadtyli” 


.Pliny, 
lib.  viU 

|c.  57*  • 

'i 


* Hcftod,  as  fettled  in  Crete  during  the  reign  of  Minos  I.  about 
■ iquotedby  1431  years  before  Chrift;  yet  during  the  Trojan  war, 
which  happened  200  years  after  that  period,  iron  was 
in  fueh  high  eftimation,  that  Achilles  propofed  a ball 
Cj  57*  of  it  as  one  of  his  prizes  during  the  games  which  he 
celebrated  in  honour  of  Patroclus  (r).  At  that  period 
none  of  their  weapons  were  formed  of  iron.  Now  if 
the  Greeks  in  200  years  had  made  fo  little  progrefs  in 
an  art  which  they  learned  from  others,  how  long  muft 
it  have  taken  the  Egyptians,  Phrygians,  Chalybes,  or 
whatever  nation  firft  difcovered  the  art  of  working  iron, 
to  have  made  that  progrefs  in  it  which  we  find  they  had 
done  in  the  days  of  Mofes  ? 

Iron,  when  frefh  broken,  is  of  a bluifh  grey  colour. 
It  has  a ftyptic  tafte,  and  emits  a fmell  when  rubbed. 

It  is  malleable  and  dudile  in  every  temperature;  ancf 
its  malleability  is  increafed  in  proportion  as  the  tempe- 
jj  rature  augments.  Its  tenacity  is  fuch,  that  an  iron 

,|  wire  of  an  inch  in  diameter  fuftains  a weight  of  450 

lj|*  Maequtrt  pounds  without  breaking.^ 
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Di£i.  Its  hardnefs  is  fuch,  that  it  may  be  eafily  reduced  to 

powder  by  tlie  application  of  a file.  Its  fpecific  gra- 
vity is  7,788.  It  is  infufible  in  the  ftrongeft  heats  hi- 
therto produced. 

It  is  attraded  by  the  magnet  or  load  done,  and  is  it- 
felf  capable  of  becoming  magnetic  ; but  it  retains  this 
property  only  for  a very  fhort  time. 

It  is  not  hardened  by  being  plunged  into  liquids 
while  hot,  nor  foftened  by  being  cooled  flowly. 

Iron  combines  with  oxygen  very  readily.  When, 
kindled  in  oxygen  gas,  it  burns  with  great  rapidity  and 
fplendor,  and  is  in  this  manner  converted  into  an  oxyd. 
It  is  converted  into  an  oxyd  alfo  when  furrounded  by 
moift  air,  or  when  plunged  in  water  ; becaufe  it  has  a 
ftronger  affinity  for  oxygen  than  hydrogen  has,  and  is 
therefore  capable  of  decompofing  water. 

Mr  Prouft  has  lately  proved,  that  there  are  only  two 
oxyds  of  iron,  the  green,  and  the  brown  or  red,  and  that 
all  the  other  fuppofed  oxyds  are  merely  mixtures  of 
thefe  two  in  various  proportions-}-. 

The  green  oxyd  may  be  obtained  by  diflolving  iron  in 
Ij.andiVi-  fulphuric  acid,  and  then  precipitating  it  by  potafs.  It 
. is  a light,  green-coloured,  earthy-like  fubftance,  com- 
Lavoifier  has  fhewn,  of  27  parts  of  oxy- 
■ Mem.  A-  g-n,  and  73  of  ironN  When  this  oxyd  is  expofed  to 
find.  Par,  the  air,  it  quickly  abforbs  more  oxygen,  and  is  con- 
verted into  a brown  powder,  which  is  the  brown  oxyd. 
I]  Mr  Prouft  has  proved  that  it  contains  52  parts  of  iron 

I*  and  48  of  oxygen.  This  oxyd  is  w'ell  known  under 

1 the  name  of  rujl  of  iron,  which  is  generally,  hov/ever, 

or  perhaps  always,  combined  with  carbonic  acid  gas. 

The  affinities  of  thefe  oxyds,  according  to  Bergman, 
are  as  follows : 
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Iron  unites  readily  with  fulphur.  Sulphuret  of  iron,  Sulphuret, 
formerly  called  pyrites,  is  found  ready  formed  in  many 
parts  of  the  world.  It  is  not  eafy  to  determine  the 
proportions  of  its  ingredients,  becaufe  it  is  capable  of 
combining  both  with  iron  and  fulphur,  and  confequent- 
ly,  if  there  happens  to  be  any  eicefs  of  either  during  its 
formation,  it  takes  it  up.  Perhaps  the  proportions  are 
not  far  from  equal  parts  of  fulphur  and  of  iron.  It  is 
of  a pale  yellow  or  brownifli  colour,  and  is  capable  of 
afluming  a cryftalline  form.  Its  fpecific  gravity  is 
about  4,000.  When  placed  upon  the  fire,  it  precipi- 
tates ; and  at  a red  heat  lofes  its  yellow  colour,  and  be- 
comes of  an  iron  grey,  excepting  its  furface,  which  is 
of  a bright  red.  It  melts  at  102®  Wedgewood  in  a 
covered  crucible  into  a bluilh  flag,  fomewhat  porous 
internally .J  When  expofed  to  air  and  moifture,  the  1 Klrwans 
fulphur,  as  happens  in  all  fulphurets,  gradually  abforbs  Miner.  ii»- 
oxygen,  and  is  converted  into  an  acid.  7^* 

If  iron  filings  and  fulphur  be  mixed  together,  and 
formed  into  a pafte  with  water,  the  fulphur  decompofes 
the  water,  and  abforbs  oxygen  fo  rapidly  that  the  mix- 
ture takes  fire,  even  though  it  be  buried  under  ground. 

This  phenomenon  was  firft  difcovered  by  Homberg ; 
and  it  is  confidered  as  affording  an  explanation  of  the 
origin  of  volcanoes.  The  native  fulphuret  of  iron  has 
been  obferved  more  than  once  to  take  fire  on  being  fud* 
denly  moiftened  with  water.  508 

Iron  combines  readily  with  phofphotus,  and  forms  Phofphu* 
phofphuret  of  iron ; to  which  Bergman,  who  firft  dif-  *■«*> 
covered  it,  gave  the  name  of  f derum. 

There  is  a particular  kind  of  iron,  known  by  the 
name  of  cold  fhort  iron,  becaufe  it  is  brittle  when  cold, 
though  it  be  malleable  when  hot.  Bergman  was  em- 
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ployed  at  Upfal  in  examining  the  caufe  of  this  proper- 
ty, while  Meyer  was  occupied  at  Stetin  with  the  fame 
inveftigation  ; and  both  of  them  difcovered,  nearly  at 
the  fame  time,  that,  by  means  of  fulphuric  acid,  a white 
powder  could  be  feparated  from  this  kind  of  iron,  which 
by  the  ufual  procefs  they  converted  into  a metal  of  a 
dark  fteel  grey,  exceedingly  brittle,  and  not  very  fo- 
liible  in  acids.  Its  fpecific  gravity  was  6,700  ; it  was 
not  fo  fufible  as  copper  ; and  when  combined  with  iron 
rendered  it  cold  JJoort.  Both  of  them  concluded  that 
this  fubflanee  was  a new  metal ; and  Bergman  gave  it 
the  name  of  fiderum.  But  Klaproth  foon  after  recol- 
leding  that  the  fait  compofed  of  phofphoric  acid  and 
iron  bpre  a great  refemblance  to  the  white  powder  ob- 
tained from  cold  fhort  iron,  fufpefled  the  prefence  of 
phofphoric  acid  in  this  new  metal.  To  decide  the 
point,  he  combined  phofphoric  acid  and  iron,  and  ob- 
tained, by  heating  it  in  a crucible  along  with  charcoal 
powder  (s),  a fubflanee  exadly  refembling  the  new 
metal.  Meyer,  when  Klaproth  communicated  to  him 
this  difeovery,  informed  him  that  he  had  already  fatis- 
fied  himfelf,  by  a more  accurate  examination,  that  fide- 
rum  contained  phofphoric  acid . Soon  after  this,  Scheele 
adually  decompofed  the  white  powder  obtained  from 
cold  fhort  iron,  and  thereby  deraonflrated,  that  it  was 
compofed  of  phofphoric  acid  and  iron.  The  fiderum 
of  Bergman,  however,  is  compofed  of  phofphorus  and 
iron,  the  phofphoric  acid  being  deprived  of  its  oxygen 
during  the  reduffion  ; or  it  is  phofphuret  of  iron.-  It 
may  be  formed  by  fufing  in  a crucible  an  ounce  of  phof- 
phoric glafs,  an  ounce  of  iron,  and  half  a dram  bf  cliar- 
coal  powder.  It  is  very  brittle,  and  appears  white  when 
broken.  When  expofed  to  a flrong  heat,  it  melts,  and 
the  phofphorus  is  diflipated.*  It  may  be  formed  alfo 
by  melting  together  equal  parts  of  phofphoric  glafs  and 
iron-filings.  Part  of  the  iron  combines  with  the  oxy- 
gen of  the  phofphoric  glafs,  and  is  vitrified  ; the  reft 
forms  the  phofphuret,  which  finks  to  the  bottom  of  the 
crucible.  It  may  be  formed  alfo  by  dropping  fmall 
bits  of  phofphorus  into  iron-filings  heated  red  hoth- 
I’he  proportions  of  the  ingredients  of  this  phofphuret 
have  not  yet  been  determined. 

Iron  likewife  combines  with  carbon,  and  forms  a 
. carburet.  Cai buret  of  iron  has  been  long  known  and 
ufed  in  the  arts  under  the  names  oi  plumbago  and  black 
lead.  It  is  of  a dark  iron  grey  or  blue  colour,  and  has 
fomething  of  a metallic  luftre.  It  has  a greafy  feel,  and 
blackens  the  fingers,  or  any  other  fubftance  to  which  it 
is  applied.  It  is  found  in  many  parts  of  the  world, 
efpecially  in  England,  where  it  is  manufadtured  into  pen- 
cils. It  is  not  affedled  by  the  moft  violent  heat  as  long 
as  air  is  excluded,  nor  is  it  in  the  leaft  altered  by  fimple 
expofure  to  the  air,  or  to  water.  Its  nature  was  firft 
inveftigated  by  Scheele;  who  proved,  by  a very  inge- 
nious analyfis,  that  it  could  be  converted  almoft  wholly 
into  carbonic  acid  gas,  and  that  the  fmall  refidutim  was 
iron.  It  follows  from  this  analyfis,  that  it  is  compofed 
of  carbon  and  iron  ; for  the  carbon  during  its  combuf- 
tion  had  been  converted  into  carbonic  acid  gas.  By 
the  fubfequent  experiments  of  Pelletier  and  other  French 
chemifts,  it  has  been  Ihewn  to  confift  nearly  of  nine 
parts  of  carbon  to  ©ne  of  iron. 

There  are  a great  many  varieties  of  iron,  which  art- 


iron. 
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ifts  diflinguifh  by  particular  names ; but  all  of  them 
may  be  reduced  under  one  or  other  of  the  three  follow- 
ing ftates  : Wrought  iron  (or  fimply  iron),  Jleel,  and  cajl 
or  raw  iron. 

Wrought  Iron  is  the  fubftance  which  we  have  been  Wro'ught 
hitherto  deferibing.  As  it  has  never  yet  been  decom-  iron, 
pounded,  we  conlider  it  when  pure  as  a fimple  body  ; 
but  it  has  feldom  or  never  been  found  without  fome 
fmall  mixture  of  foreign  fubftances.  Thefe  fubftances 
are  either  fome  of  the  other  metals,  or  oxygen,  carbon, 
or  phofphorus. 

Steel  is  diftinguifhed  from  iron  by  the  following 
properties. 

It  is  fo  hard  as  to  be  unmalleable  while  cold,  or  at  leaft 
it  acquires  this  property  by  being  immerfed  while  ignited 
into  a cold  liquid  : for  this  immerfion,  though  it  has  no 
effe(5l  upon  iron,  adds  greatly  to  the  hardnefs  of  Jleel. 

It  is  brittle,  refifts  the  file,  cuts  glafs,  affords  fparks 
with  flint,  and  retains  the  magnetic  virtue  for  any 
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It  lofes  this  hardnefs  by  being  ignited  and  cooled 
very  flowly. 

It  melts  at  above  130°  Wedgewood.  It.  is  malleable 
when  red  hot,  but  fcarcely  fo  when  railed  to  a white  heat. 

It  may  be  hammered  out  into  much  thinner  plates 
than  iron.  It  is  more  fonorous ; and  its  fpecific  gra- 
vity, when  hammered,  is  greater  than  that  of  iron. 

By  being  repeatedly  ignited  in  an  open  veffel,  and 
hammered,  it  becomes  wrought  iron-\. 

Cast  Iron  is  diftinguifhed  by  the  following  pro-_/i«on 
perties : Wootz,Pbi 

It  is  fcarcely  malleable  at  any  temperature.  It  is  ge- 
nerally  fo  hard  as  to  refift  the  file.  It  can  neither  be 
hardened  nor  foftened  as  fteel  can  by  ignition  and  cool- 
ing. It  is  exceedingly  brittle.  It  melts  at  1 30°  Wedge- 
wood.  It  is  more  fonorous  than  fteel.* 

Caft  iron  is  converted  into  wrought  iron  by  expofing 
it  for  a confiderable  time  in  a furnace  to  a heat  fuffici- 
ently  ftrong  to  melt  it.  During  the  procefs  it  is  con- 
ftantly  ftirred  by  a workman,  that  every  part  of  it  may 
be  equally  expofed  to  the  air.  In  about  an  hour  the 
hotteft  part  of  the  mafs  begins  to  heave  and  fwell,  and 
to  emit  a lambent  blue  flame.  This  continues  nearly 
an  hour ; and  by  that  time  the  converfion  is  complet- 
ed. The  heaving  is  evidently  produced  by  the  eraiflion 
of  an  elaftie  fluid J. 

Wrought  iron  may  be  converted  into  fteel  by  being  "Tra. 
kept  for  fome  hours  in  a ftrong  red  heat,  furrounded 
with  charcoal  powder  in  a covered  crucible.  By  this 
procefs,  which  is  called  cementation,  the  iron  gains  fome 
weight.  ...  114  , 

Thefe  different  kinds  of  iron  have  been  long  known,  Caufe  of  1 
and  the  converting  of  them  into  each  other  has  been 
pradlifed  in  very  remote  ages.  Many  attempts  have  | 

been  made  to  explain  the  manner  in  which  this  conver-  | 

fion  is  accompliflied.  According  to  Pliny,  fteel  owes  i 

its  peculiar  properties  chiefly  to  the  water  into  which  it  j 

is  plunged  in  order  to  be  cooled^.  Beecher  fuppofed  § Pliny,  ! 
that  fire  was  the  only  agent  ; that  it  entered  into  the 
iron,  and  converted  it  into  fteel.  Reaumur  was  the  firft  I 

-w'ho  attended  accurately  to  the  procefs ; and  his  numer-  j 

OLis  experiments  have  certainly  contributed  to  elucidate 
the  fubjeft.  Fie  fuppofed  that  iron  was  converted  in-  1 

to  i 
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(s)  This  procefs  in  chemiftry  is  calledl  redudiion. 
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to  fteel  bj’  combining  with  faline  and  oily  or  fulphure- 
ous  particles,  and  chat  thefe  were  introduced  by  the 
fire.  But  it  was  the  analyfis  of  Bergman,  publilhed  in 
1781,  that  firft  paved  the  way  to  the  explanation  of 
the  nature  of  thefe  different  fpecies  of  iron. 

By  diffolving  in  diluted  fulphunc  acid  too  parts  of  call 
iron,  he  obtained  40  ounce  meafures  of  hydrogen  ; from 
100  parts  of  fteel  he  obtained  48  ounce  meafures ; and 
from  100  parts  of  wrought  iron, 50  ounce  meafures.  Now 
as  the  hydrogen  is  produced  by  the  property  which  iron 
has  of  decompofing  water  and  uniting  with  its  oxygen,  it 
is  evident  that  the  greater  the  quantity  of  hydrogen  ob- 
tained, with  the  more  oxygen  does  the  iron  combine. 
But  the  quantities  of  iron  were  equal  ; they  ought 
therefore  to  have  combined  with  equal  quantities  of  oxy- 
gen. But  it  is  evident,  from  the  quantities  of  liydro- 
gen  obtained,  that  the  cafl  iron  received  lefs  oxygen 
than  either  of  the  other  two ; caft  iron  therefore  muft 
contain  already  fome  oxygen,  fince  it  requires  lefs  than 
the  other  two  fpecies  in  order  to  be  faturated.  Here 
then  is  one  difference  between  caft  iron  and  the  other 
two  kinds  ; it  contains  oxygen.  Steel,  on  the  contrary, 
does  not  appear  to  contain  any  oxygen.  The  difference 
between  the  quantity  of  hydrogen  produced  during  its 
folution  and  that  of  wrought  iron,  which  contains  no 
oxygen,  is  exceedingly  fmall,  and  it  has  been  found  to 
diminilh  in  proportion  to  the  purity  of  the  fteel. 

From  100  parts  of  caft  iron  Bergman  obtained  2,2 
of  plumbago,  or  from  100  parts  of  fteel,  0,5,  or 
■xkoi  and  from  100  parts  of  wrought  iron,  o,X2,  or 
Now  plumbago  is  compofed  of  ^®^ths  of  carbon  ; 
caft  iron  therefore  contains  a confiderable  quantity  of 
carbon,  fteel  a fmaller  quantity,  and  wrought  iron  a 
very  minute  portion,  which  diminiflies  according  to  its 
purity,  and  would  vanifh  altogether  if  iron  could  be  ob- 
tained perfectly  pure.  Mr  Grignon,  in  his  notes  on 
this  analyfis,  endeavoured  to  prove,  that  plumbago  was 
not  effentially  a part  of  caft  iron  and  fteel,  but  that  it 
was  merely  accidentally  prefent.  But  Bergman,  after 
confidering  his  objections,  wrote  to  Morveau  on  the 
1 8th  November  1783.  “ I will  acknowledge  my  mif- 

take  whenever  Mr  Grignon  fends  me  a fingle  bit  of  caft 
iron  or  fteel  which  does  not  contain  plumbago ; and  I 
beg  of  you,  my  dear  friend,  to  endeavour  to  difcover 
fome  fuch,  and  to  fend  them  to  me  ; for  if  I am  wrong, 
I wifti  to  be  undeceived  as  foon  as  poffible.’’*  This 
was  almoft  the  laft  aflion  of  the  illuftrious  Bergman. 
He  died  a few  months  after  at  the  age  of  49,  leaving  be- 
hind him  a moft  brilliant  reputation,  which  no  man  ever 
more  defervedly  acquired.  His  induftry,  his  indefa- 
tigable, his  aftonilhing  induftry,  would  alone  have  con- 
tributed much  to  eftablifti  his  name;  his  extenfive 
knowledge  would  alone  have  attraffed  the  attention  of 
philofophers  ; his  ingenuity,  penetration,  and  accurate 
judgment,  would  alone  have  fecured  the  applaufe  ; and 
his  candour  and  love  of  truth  procured  him  the  confi- 
dence and  the  efteem  of  the  world — But  all  thefe  quali- 
ties were  united  in  Bergman,  and  confpifed  to  form 
one  of  the  greateft  men  and  nobleft  characters  that  ever 
adorned  human  nature. 

The  experiments  of  Bergman  were  fully  confirmed 
by  thofe  of  Morveau,  Vandermonde,  M onge,  and  Ber- 
thollet,  who  have  likewife  thrown  a great  deal  of  addi- 
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tional  light  on  the  fubjeff.  From  all  thefe  experiments  Iron. 
the  following  deductions  may  be  made.  w— v—«w 

Wrought  iron  is  a fimple  fubftance,  and  if  perfectly 
pure  would  contain  nothing  but  iron. 

Steel  is  iron  combined  with  carbon.  The  proportion 
of  this  laft  ingredient  has  not  yet  been  afcertained  ; Dr 
Pearfon  fixes  it  at  y^-g-th  part  at  a medium.  Steel,  in 
confequence  of  its  compofition,  has  been  called  by  fome 
chemifts  carburet  of  iron;  but  before  afligning  it  that 
name,  w’hich  has  been  alfo  given  to  plumbago,  it  ought 
to  be  determined  what  are  the  proportions  of  carbon 
and  iron  which  faturate  each  other.  Is  it  the  propor- 
tion in  which  thefe  two  fubftances  exift  in  fteel,  or  that 
which  forms  plumbago  ? In  the  firft.  cafe,  plumbago  is 
carburet  of  iron  combined  with  carbon  ; in  the  fecond, 
fteel  is  carburet  combined  with  iron.  Or  is  it  fome  in- 
termediate proportion  ? Till  thefe  points  be  determined, 
perhaps  it  would  be  better  to  continue  the  old  names 
than  to  rifk  the  impofing  of  falfe  ones. 

Cajl  iron  is  iron  contaminated  with  various  foreign 
fubftances,  the  proportions  of  which  vary  according  to 
circumftances.  Thefe  fubftances  are  chiefly  oxyd  of 
iron  and  carbon,  andfometimes  filica  (t). 

Bergman  found  a quantity  of  manganefe  in  the  iron 
and  fteel  which  he  examined  ; but  it  appears  from  the 
experiments  of  Vauquelin,  that  his  method  of  deter- 
mining the  prefence  of  that  metal  was  not  accurate. 

Mr  Vauquelin*  has  lately  analyfed  four  kinds  of  fteel  * Jour,  de 
with  great  care,  and  contrived  his  proceffes  with  much  See 

ingenuity.  The  refult  of  his  analyfis  is  as  follows  : j’oi^rnal‘1 


Firft  fteel,  compofed  of 


rCarbon, 

J Silica, 

J Phofphorus, 
(_Iron, 


0,00789 

0,00315 

0,00345 

0,98551 


aoo. 

115 

Vauque- 
lin’s  analy- 
fis of  fteel. 


Second  fteel,  compofed  of 


'Carbon, 

I 

0,00683 

Silica, 

0,00273 

Phofphorus 

0,00827 

_Iron, 

0,98217 

r Carbon, 

I 

0,00789 

j Silica, 

0,00315 

J Phofphorus, 

0,00791 

LIron 

0,98105 

r Carbon, 

1 

0,00631 

J Silica, 

0,002?  2 

j Phofphorus, 

0,01520 

(_Iron, 

0,97597 

I 

It  cannot  be  concluded  from  thefe  experiments,  that 
all  fteel  contains  phofphorus  and  filica  ; far  lefs  that 
thefe  fubftances  enter  neceffarily  into  the  compofition 
of  fteel.  This  ?nay  be  the  cafe,  and  former  analyfes 
may  not  have  been  nice  enough  to  deteff  it ; but  before 
it  can  be  admitted,  it  muft  be  ftiewn  that  thefe  fubftan- 
ces are  always  prefent  in  fteel,  and  that  it  lofes  its  effen- 
tial  properties  when  deprived  of  them. 

Iron 


(t  ) An  earth  which  ftiall  be  defcribed  in  the  next  chapter. 
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Part 


Iron 


Tin. 
116 

Alloyis  of 
■iron. 


* Ann.  de 
Chim,  vi. 
39- 


Iron  combines  witli  mofl  metals. 

1.  The  alloy  of  gold  and  iron  is  very  hard,  and 
might,  according  to  Dr  Lewis  who  examined  it,  be  em- 
ployed  with  advantage  in  forming  cutting  inllruments. 

2.  That  iron  combines  with  filver  is  certain,  but 
hardly  any  thing  is  known  about  the  nature  of  the 
compound. 

3.  Platinum  is  ufually  found  alloyed  with  iron.  Dr 
Lewis  did  not  fucceed  in  his  attempts  to  unite  thefe 
metals  by  fufion,  hut  he  melted  together  call  iron  and 
platinum.  The  alloy  was  exceffively  hard,  and  pofief- 
fed  d utility. 

4.  There  is  very  little  affinity  between  iron  and  mer- 
cury ; they  cannot  therefore  be  amalgamated  by  fimple 
mixture,  even  with  the  affillance  of  heat.  Vogel  af- 
firms that  he  has  produced  an  amalgam  of  iron  by  the 
following  procefs ; Pound  one  part  of  iron  filings  and 
two  parts  of  alum  in  a mortar  to  a fine  powder ; then 
pour  in  two  or  three  parts  of  mercury,  and  triturate  till 
the  fubftances  be  thoroughly  mixed.  Pour  on  a little 
water,  and  continue  the  trituration  for  about  an  hour. 
If  then  no  particles  of  iron  can  be  diftinguifhed,  pour  on 
a little  more  water  to  wa(h  out  the  alum,  and  then  dry 
the  amalgam.  If  particles  of  iron  be  perceptible,  the 
trituration  mud  be  continued  till  they  difappear.* 

5.  Iron  may  be  united  to  copper  by  fufion,  but  not 
without  confiderable  difficulty.  The  alloy  has  been 

117  applied  to  no  ufe. 

Itsaffinities.  The  affinities  of  iron,  according  to  Bergman,  are  as 
follows ; 

Nickel, 

Cobalt, 

Manganefe, 

Arfenic, 

Copper, 

Gold, 

Silver, 

Tin, 

Antimony, 

Platinum, 

Bifmuth, 

Lead, 

Mercury, 

Sulphuret  of  alkali. 

Carbon  ? 

Phofphorus  ? ' 

Sulphur  ? 

Sect.  VII.  Of  Tin. 

The  Phenlcians  were  the  firft  of  thofe  nations  which 
make  a figure  in  ancient  hiftory  that  were  acquainted 
with  tin.  They  procured  it  from  Spain*  and  from  Bri- 
tain, with  which  nations  they  carried  on  a very  lucra- 
tive commerce.  At  how  early  a period  they  imported 
this  metal  we  may  eafily  conceive,  if  we  recoiled  that 
it  was  in  common  ufe  in  the  time  of  Mofes  f . 

Tin  is  of  a greyilh  white  colour  ; it  has  a ftrong  dif- 
agreeable  tafte,  and  emits  a peculiar  fmell  when  rub- 
bed. 

It  is  very  malleable  ; tin  leaf,  or  tinfoil  as  it  is  called, 
is  about  To^-otb  part  of  an  inch  thick,  and  it  might  be 
beat  out  into'leaves  as  thin  again  if  fuch  were  wanted 
for  the  purpofes  of  art.  Its  dinflility,  however,  is  ex- 
ceedingly imperfedt ; for  a tin  wire  of  an  inch  in 
diameter,  is  capable  of  fupporting  only  49  pounds 


* Pliny,  1. 
4.  c.  34. 
and  1.  34.  c. 

47. 

d Numbers 
XX\i.  22. 
I18 

Properties 
of  tin: 


488. 

* Sebric 


without  breaking  j:.  It  is  very  flexible,  and  produces  a Tin. 
crackling  ncife  when  bended. 

Its  hardnefs  is  6+.  Its  fpecific  gravity  is  7,291  ; Diatoni 
after  hammering,  7,299  1|.  \ Kir^a 

It  melts  at  the  temperature  410°,  according  to  Dr  -Miner,  \ 
Lewis  ; according  to  the  Dijon  academicians,  at  419®. 

When  heated  red  hot  in  clofe  veflels  it  fublimes.  It  I 
cryflallizes  in  the  form  of  a rhomboidal  prifm.*  Jour°  de 

Tin  unites  very  readily  with  oxygen.  When  heated  Phf. 
in  contadt  with  air,  its  furface  foon  becomes  covered  xxxviii. 
with  a grey  pellicle ; when  this  is  taken  off,  another  ^^9 
appears  foon  after  ; and  in  this  manner  the  whole  me- 
tal  may  be  converted  into  a dirty  grey  powder,  which 
is  the  grey  oxyd  of  tin.  It  is  compofed,  according  to 
Fourcroy,  of  90  parts  of  tin  and  10  of  oxygen. 

When  tin  is  heated  red  hot  in  contadi  with  air,  it 
takes  fire  f , and  burns  with  a very  lively  white  flame,  f Geoffri 
and  is  gradually  fublimed.  If  the  fublimate  be  ex- 
amined, it  is  found  to  confift  of  a white  powder  ; it  is 
the  o.vhitt  oxyd  of  tin.  The  white  oxyd  is  perhaps  never 
obtained  quite  pure  by  this  procefs ; it  feems  always 
to  contain  a mixture  oi  grey  txyd : but  it  may  be  ob- 
tained pure  by  pouring  nitric  acid  upon  tin,  and  then 
drying  it.  That  metal  having  a much  ftronger 
attradlion  for  oxygen  than  azot  has,  deeompofes  the 
acid  with  the  greateft  rapidity,  and  affumes  tire  appear- 
ance of  a white  powder,  which  is  the  rwhite  oxyd.  This 
oxyd  poffefles  many  of  the  properties  of  an  acid,  and  is 
therefore  often  called  Jlannic  acid.  It  feems  to  confift  of 
about  77  parts  of  tin  and  23  of  oxygen  f Klrm 

The  affinities  of  the  grey  oxyd  of  tin,  according  to  -Miner, 
Bergman,  are  as  follows  : 

Pyromucous  acid,* 

Sebacic  acid. 

Tartaric, 

Muriatic, 

Sulphuric, 

Oxalic, 

Arfenic, 

Phofpboric, 

Nitric, 

Succinic, 

Fluoric, 

Saccholadlic, 

Citric, 

Formic, 

Lactic, 

Acetous, 

Boracic, 

Pruffic.  ito 

Tin  combines  readily  with  fulphur.  This  fulphuret  Sulphur, 
may  be  formed  by  fufing  the  two  ingredients  together. 

It  is  brittle,  heavier  than  tin,  and  not  fo  fufibie.  It  is 
of  a bluilh  colour  and  lamellated  ftrutflure,  and  is  ca- 
pable of  cryftallizing.  According  to  Bergman,  it  is 
compofed  of  80  parts  of  tin  and  20  of  fulphur  ; accord- 
ing to  Pelletier,  of  85  parts  of  tin  and  15  of  fulphur.*  * Ann. . 

Sulphur  likewife  combines  with  the  white  oxyd  of 
tin,  by  mixing  them  together,  and  applying  a gentle 
heat.f  This  compound  has  been  called  aiirum  mufivunt.  f Pdleti 
It  Is  amafs  confifting  of  beautiful  gold  coloured  flakes, 
and  is  ufed  as  a paint.  It  is  compofed  of  about  40  parts 
of  fulphur  and  60  of  white  oxyd  of  tin The  procefs  f Ibid.  5 
for  making  thisfubftance  was  formerly  very  complica- 
ted. Pelletier  firft  demonftrated  its  real  compofition, 

and 
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X/cad. 


* Mem, 
Far.  1781. 


ja6 

Sulphiiret, 


f Kirzvaui 
Miner,  ii. 

49a. 

127 

Phofphu- 

ret. 


^ Pelletier, 
Ann,  de 
Chim,  xiii. 
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Arfenlc, 

Tartarous, 

Phofphoric, 

Muriatic, 

Benzoic  (u)  ? 

Sulphurous, 

Suberic  ?7  / \ 

Zoonic  ? J 
Nitric, 

Pyromucous  (v)? 

Fluoric, 

Citric, 

Formic, 

Ladic, 

Acetous, 

Boracic, 

Prufilc, 

Carbonic, 

Fixed  alkali. 

When  lead  is  expofed  to  heat  in  contad  with  air,  its 
furface  is  foon  covered  with  a grey  pellicle  ; when  this 
is  taken  off,  another  foon  forms  ; and  in  this  manner, 
the  whole  lead  may  foon  be  converted  into  a dirty  grey 
powder,  which  feems  to  be  the  white  oxyd  mixed  with 
a little  lead.  When  this  powder  is  heated  red  hot,  it  af- 
fumes  a deep  yellow  colour.  This  is  yello'w  oxyd  of 
lead,  formerly  called  mqjjicot.  If  the  heat  be  continued, 
the  colour  is  gradually  changed  to  a beautiful  red. 
This  is  the  red  oxyd  of  lead,  formerly  called  minium.  It 
is  compofed,  as  Lavoifier  has  ftiewn,  of  88  parts  of  lead 
and  1 2 of  oxygen*. 

The  manner  in  which  thefe  changes  are  brought 
about  is  evident ; the  metal  gradually  abforbs  oxygen 
from  the  atmofphere.  This  has  been  adually  proved 
by  experiment.  Thefe  oxyds  (if  they  really  differ  in 
the  proportion  of  oxygen)  refemble  acids  infeveral  of 
their  properties.  They  are  very  eafily  converted  into 
glafs  by  fufion.  Scheele  has  (hewn  that  there  is  alfo  a 
brown  oxyd  of  lead,  which  contains  more  oxygen  than 
any  of  the  others. 

Sulphur  unites  eafily  to  lead  by  fufion.  The  fulphu- 
ret  of  lead  is  brittle,  of  a deep  grey  colour,  and  much 
lefs  fufible  than  lead.  Thefe  two  fubftances  are  often 
found  naturally  combined  ; the  compound  is  then  cal- 
led Sulphuret  of  lead  is  compofed,  according 

to  the  experiments  of  Wenzel,  of  868  parts  of  lead,  and 
132  of  fulphurji. 

Phofphuret  of  lead  may  be  formed  by  mixing  toge- 
ther equal  parts  of  filings  of  lead  and  phofphoric  glafs, 
and  fufing  them  in  a crucible.  It  may  be  cut  with  a 
knife,  but  feparates  into  plates  when  hammered.  It  is 
of  a filver  white  colour  with  a fhade  of  blue,  but  it 
foon  tarnifhes  when  expofed  to  the  air.  This  phofphu- 
ret may  alfo  be  formed  by  dropping  phofphorus  into 
melted  lead.  It  is  compofed  of  about  12  parts  of 
phofphorus  and  88  of  leadj. 


Lead  combines  with  moft  of  the  other  metals. 

Little  is  known  concerning  the  alloy  of  lead  and 


§ Fourc, , 


Din 


ijon  , 


2* 


gold.  It  isfaid  to  be  brittle. 

2.  The  alloy  of  filver  and  lead  is  very  fufible,  and 
neither  elaftic  nor  fonorous. 

3.  Platinum  and  lead  unite  in  a ftrong  heat ; the  al- 
loy is  brittle,  of  a purplifh  colour,  and  foon  changes  on 
expofure  to  the  air^ . 

4.  Mercury,  when  poured  upon  melted  lead,  diffolves 
it  readily.  The  amalgam  is  white  and  brilliant,  and 
affumes  a folid  form.  It  is  capable  of  cryftallizing. 

The  cryftals  are  compofed  of  one  part  of  lead  and  one 
and  a half  of  mercury. || 

5.  Copper  and  lead  combine  eafily  by  fufion;  hnt 

the  alloy  has  not  been  applied  to  any  ufe.  ■ 

6.  Iron  does  not  unite  with  lead. 

7.  Lead  and  tin  may  be  combined  by  fufion.  The 
alloy  in  the  proportion  of  two  parts  of  lead,  and  one  of 

tin,  is  morefoluble  than  either  of  the  metals  feparately.  | 
It  is  accordingly  ufed  by  plumbers  as  a folder. 

• Lead,  when  taken  internally,  ails  as  a poifon.  Its  Afiiniti 
affinities,  according  to  Bergman,  are  as  follows  : 

Gold, 

Silver, 

Copper, 

Mercury, 

Bifmuth, 

Tin, 

Antimony, 

Platinum, 

Arfenic, 

Zinc, 

Nickel, 

Iron, 

Sulphuret  of  alkali, 

Sulphur, 

Phofphorus  ? 

The  ancients  gave  to  thefeven  metals  laft  deferibed  Names 
(omitting  platinum,  which  they  did  not  know)  the  n^arks 
names  of  the  planets,  and  denoted  each  of  them  by  5 
particular  marks,  which  reprefented  both  the  planet  and  by^he'*  i 
the  metal.  cients. 

Gold  was  the  Sun,  and  reprefented  by  0. 


i.^c 


Silver 
Mercury 
Copper 
Iron 
Tin 
Lead 


the 


Moon, 
Mercury, 
Venus, 
Mars, 
Jupiter, 
Saturn, 


?• 

9. 

(?* 

If. 

b. 


It  feems  moft  probable  that  thefe  names  were  firft 
given  to  the  planets  ; and  that  the  feven  metals,  the 
only  ones  then  known,  were  fuppofed  to  have  fome  re- 
lation to  the  planets  or  to  the  gods  that  inhabited  them, 
as  the  number  of  both  happened  to  be  the  fame.  It 
appears  from  a paffage  in  Origen,  that  thefe  names  firft 
arofe  among  the  Perfians  (w).  Why  each  particular 

• metal 


(u)  Benzoat  of  lead  is  decompofed  by  muriatic  acid.  Trommfdorf,  Ann.  de  Chim.  id,  317. 

(u)  Suberic  acid  decompofes  nitrat  of  lead.  S&Q  famefon’s  Mineralogy, -p.  16G.  Zoonic  acid  produces  the 
fame  effedt,  as  Berthollet  has  obferved-. 

(v)  Schrikel  places  it  after  the  three  mineral  acids. 

(w)  Contra  Ceifum,  lib.  vi.  22. — “ Celfus  de  quibufdam  Perfarum  myfteriis  fermonem  facit.  Harum  rerum, 
inquit,  aliquod  reperitur  in  Perfarum  dodtrina  Mithracifque  eorum  myfteriis  veftigium.  In  illts  enim  duae  cceleftes 
converfiones,  alia  ftellarum  fixarum,  erraniium  alia,  etaitimse  per  eas  tranfitus  quodam  fymbolo  repraefentantur, 

quod 


•art  I. 

Lead. 


CHEMISTRY. 


the  a- 
-ologers 


metal  was  denominated  by  a particular  planet  it  is  not 
eafy  to  fee.  Many  conjectures  have  been  made,  but 
fcarcely  any  of  them  are  fatisfaCtory. 
rigin  of  As  to  the  characters  by  which  thefe  metals  were  ex- 
lefe  marks  preffed,  aftrologers  feem  to  have  confidered  them  as  the 
cording  attributes  of  the  deities  of  the  fame  name.  The  circle 
in  the  earlieft  periods  among  the  Egyptians  was  the 
fymbol  of  divinity  and  perfection  ; and  feems  with  great 
propriety  to  have  been  chofen  by  them  as  the  character 
of  the  fun,  efpecially  as,  when  furrounded  by  fmall 
flrokes  projecting  from  its  circumference,  it  may  form 
fome  reprefentation  of  the  emiffion  of  rays.  The  femi- 
circle  is,  in  like  manner,  the  image  of  the  moon  ; the 
only  one  of  the  heavenly  bodies  that  appears  under  that 
form  to  the  naked  eye.  The  character  is  fuppofed  to 
reprefent  the  fcythe  of  Saturn  ; % the  thunderbolts  of 
Jupiter ; J the  lance  of  Mars,  together  with  his  ftield  ; 
9 the  looking-glafs  of  Venus ; and  9 tbe  caduceus  or 
wand  of  Mercury. 
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The  alchemifts,  however,  give  a very  different  ac- 
count of  thefe  fymbols.  Gold  was  the  moft  perfeCt  me- 
tal, and  was  therefore  denoted  by  a circle.  Silver  ap- 
proached neareft  it ; but  as  it  was  inferior,  it  was  denot- 
ed only  by  a femicircle.  In  the  character  ^ the  adepts 
difcovered  gold  with  a filver  colour.  The  crofs  at  the 
bottom  expreffed  the  prefence  of  a myfterious  fome- 
thing,  without  which  mercury  would  be  filver  or  gold. 

This  fomething  is  combined  alfo  with  copper  ; the  pof- 
fible  change  of  which  into  gold  is  expreffed  by  the  cha- 
racter 9 • The  character  ^ declares  the  like  honour- 
able affinity  alfo  ; though  the  femicircle  is  a»pplied  in  a 
more  concealed  manner  ; for,  according  to  the  propereft 
mode  of  writing,  the  point  is  wanting  at  the  top,  or  the 
upright  line  ought  only  to  touch  the  horizontal,  and 
not  to  interfeCt  it.  Philofophical  gold  is  concealed  in 
fteel ; and  on  this  account  it  produces  fuch  valuable 
medicines.  Of  tin,  one  half  is  filver,  and  the  other  con- 
fifts  of  the  unknown  fomething ; for  this  reafon  the 
crofs  with  the  half  moon  appears  in  "If . In  lead  this 
fomething  is  predominant,  and  a fimilitude  is  obferved 
in  it  to  filver.  Hence  in  its  character  Tj  the  crofs  ftands 
at  the  top,  and  the  filver  character  is  only  fufpended 
on  the  right  hand  behind  it, 

ThefaCt,  however,  according  to  Profeffor  Beckmann, 
from  whom  moft  of  the  above  remarks  have  been  taken, 
feems  to  be,  that  thefe  characters  are  mere  abbreviations 
of  the  old  names  of  the  planets.  “ The  character  of 
*{ipry  oyMars  (he  obferves*),  according  to  the  oldeft  mode  of 
SUPPL.  VOL.  I. 

■ 

tr^lation, 

“ ^7"  quod  hujufmodi  eft.  Scala  altas  portas  habens,  in  fumma  autem  oCtava  porta.  Prima  portarum  plumbea,  altera 
ftannea,  tertia  ex  sere,  quarta  ferrea,  quinta  ex  sere  mixto,  fexta  argentea,  feptimaex  auro.  viXiy.a^  i^rt 

7fv\>i  oyJ'on,  ‘H  Ttfonn  Tai  vuXaiv  « J'iU'Ttfct  Kcta-s-infoi/f  ri  cp/T»  « rsTapTO  i ’Triju.wrn  Kctfusou 

vofjiT/jLoirof^  i EX.TW  apyvpou,  J'’  i iCJ'ouii.  Primum  affignant  Saturno  tarditatem  illius  fideris  plumbo  indicantes : 

alteram  Veneri,  quam  referunt,  ut  ipfi  quidem  putant  ftanni  fplendor  et  mollicies  ; tertiam  Jovi,  ahene,ani  illam 
quidem  et  folidam  ; quartam  Mercurio,  quia  Mercurius  et  ferrum,  uterque  operum  omnium  tolerantes,  ad  mcrca- 
turam  utiles,  laborum  patientiffimi.  Marti  quintam,  inasqualem  illam  et  variam  propter  mixturam.  Sextam, 
quse  argentea  eft,  luiiae ; feptimam  auream  foli  tribuunt,  quia  folis  et  lunce  colores  hsec  duometalla  referunt.” 
Borrichius  fufpeCts,  w'ith  a good  deaf  of  probability,  that  the  names  of  the  gods  in  this  paffage  have  been  trarif- 
pofed  by  tranfcribers,  either  through  ignorance  or  defign.  He  arranges  them  as  fo’lows  : “ Secundam  portam 
faciunt  Jovis,  comparantes  ei  ftanni  fplendorem  et  mollitiem  ; tertiam  Veneris  aeratam  et  folidam  ; quartam  Mar- 
tis,  eft  enim  laborum  patiens,  a?que  ac  ferrum,  celebratus  hominibus  ; quintam  Mercurii  propter  mifturam  insequa- 
lem  ac  variam,  et  quia  negotiator  eft  ; fextam  Lunse  argenteam  ; feptimam  Solis  auream.”  0/.  Borrichius  de 
«rtu  et  progrejfu  chemire.  Hafnias,  1668,  4to.  p.  29. 

(x)  Grignon  indeed,  fays,  that  fomething  like  it  was  difcovered  in  the  ruins  of  an  ancient  Roman  city  in 
Champagne ; but  the  fubftance  which  he  took  for  it  was  not  examined  with  any  accuracy.  It  is  iropofllble 
tlierefore  to  draw  any  inference  whatever  from  his  affertion.  Bulletin  des  fouiUes  d’une  vi/le  Rcmaine.  p.  1 1. 
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reprefenting  it,  is  evidently  an  abbreviation  of  the  word 
Qovpcc,  under  which  the  Greek  mathematicians  under- 
ftood  that  deity  ; or,  in  other  w^ords,  the  firft  letter  ©, 
with  the  laft  letter  c placed  above  it.  The  character  of 
Jupiter  was  originally  the  initial  letter  of  Zsi/c;  and  in 
the  oldeft  manufcripts  of  the  mathematical  and  aftrolo- 
gical  works  of  Julius  Firmicus,  the  capital  Z only  is  ufed, 
to  which  the  laft  letter  5 was  afterwards  added  at  the 
bottom,  to  render  the  abbreviation  more  diftinCl.  The 
fuppofed  looking-glafs  of  Venus  is  nothing  elfe  than  the 
initial  letter  diftorted  a little  of  the  word  <Pa7-<popo;,  which 
was  the  name-  of  that  goddefs.  The  imaginary  fcythe 
of  Saturn  has  been  gradually  formed  from  the  tw^o  firft 
letters  of  his  name  Kpovoc,  which  tranfcribers,  for  the 
fake  of  difpatch,  made  always  more  convenient  for  ufe, 
but  at  the  fame  time  lefs  perceptible.  To  difcover  in 
the  pretended  caduceus  of  Mercury  the  initial  letter  of 
his  Greek  name  'S.nxCav^  one  needs  only  look  at  the  ab- 
breviations in  the  oldeft  manufcripts,  where  they  wall 
find  that  the  2 was  once  written  as  C ; they  will  remark 
allg  that  tranfcribers,  to  diftinguifh  this  abbreviation 
from  the  reft  ftill  more,  placed  the  C thus  cj  > and  add- 
ed under  it  the  next  letter  t.  If  thofe  to  whom  this 
deduction  appears  improbable  will  only  take  the  trouble 
to  look  at  other  Greek  abbreviations,  they  will  find 
many  that  differ  ftill  farther  from  the  original  letters 
they  exprefs  than  the  prefent  character  ^ from  the  C 
and  T united.  It  is  poffible  alfo  th.it  later  tranfcriber'^, 
to  whom  the  origin  of  this  abbreviation  was  not  known, 
may  have  endeavoured  to  give  it  a greater  refemblance 
to  the  caduceus  of  Mercury.  In  fhort,  it  cannot  be  de- 
nied that  many  other  aftronomical  characters  are  real 
fymbols,  or  a kind  of  proper  hieroglyphics,  that  repre- 
fent certain  attributes  or  circumftances,  like  the  charac- 
ters of  Aries,  Leo,  and  others  quoted  by  Saumife.” 

Sect.  IX.  0/  Zinc. 

The  ancients  were  acquainted  with  a mineral  to  which 
they  gave  the  name  of  Cadmea,  from  Cadmus,  who  firft 
taught  the  Greeks  to  ufe  it.  They  knew  that  when 
melted  with  copper  it  formed  brafs  ; and  that  when  DifcoVery 
burnt,  a white  fpongy  kind  of  afhes  was  volatilifed,  which  of  zinc, 
they  ufed  in  medicine*.  This  mineral  contained  a good  * -^7%,  1. 
deal  of  zinc  ; and  yet  there  is  no  proof  remaining  that  34-c.  z.and 
the  ancients  were  acquainted  with  that  metal  (x).  It  ^ ’ 
is  firft  mentioned  in  the  writings  of  Albertus  Magnus, 

W'ho  died  in  1280  ; but  whether  he  had  feen  it  is  not  fo 
clear,  as  he  gives  it  the  name  of  marcafite  of  gold,  which 
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implies,  one  would  think,  that  it  had  a yellow  colour  (v). 
The  word  %inc  occurs  firll  in  the  writings  of  Paracel- 
fus,  who  died  in  1541-  He  informs  us  very  gravely, 
that  it  is  a metal,  and  not  a metal,  and  that  it  confiils 
chieHy  of  the  allies  of  copper  j*.  This  metal  has  alfo 
been  called  fpclter. 

Z’nc  has  never  been  found  in  Europe  in  a ftate  of 
purity,  and  it  was  long  before  a method  was  difcover- 
ed  of  extra'fling  it  from  its  ore(z).  Henkel  pointed  out 
one  in  1721,  and  Von  Swab  obtained  it  by  dillillation 
in  1 742,  and  Margraf  publiilied  a procefs  in  the  Beiw 
lin  Memoirs  in 

It  is  of  a bluilli  white  colour,  fomewhat  lighter  than 
lead.  It  has  neither  tafte  nor  fmell. 

It  has  fome  degree  of  malleability  ; for  by  compref- 
fion  it  may  be  reduced  into  thin  plates^  ; but  it  cannot 
be  drawn  out  into  wire.  It  is  more  brittle  when  hot 
than  when  cold. 

Its  hardnefs  is  6*.  Its  fpecific  gravity,  when  com- 
prefled,  is  7,i9o8f  ; in  its  ufual  ftate,  6,862  j:.  It 
melts  at  about  699°  Fahrenheit^'. 

When  allowed  to  cool  flowdy,  it  cryftallizes  in  fmall 
bundles  of  quadrangular  prifms,  difpofed  in  all  direc- 
tions. If  they  are  expofed  to  the  air  while  hot,  they 
affume  a blue  changeable  colour*. 

V/hen  zinc  is  kept  melted  in  contaeft  with  airl  it 
becomes  covered  with  a grey  pellicle,  which  gradually 
a.Tumes  a yellowifh  tint.  By  removing  this  pellicle 
from  time  to  time,  the  whole  of  the  metal  may  be  reduc- 
ed into  a grey  powder.  This  is  the^rey  oxyd  of  %inc. 
This  oxyd  is  probably  compofed  of  about  85  parts  of 
zinc  and  15  of  oxygenf.  When  zinc  is  violently  heat- 
ed, it  burns  wdth  a bright  white  flame,  and  at  the  feme 
time  a quantity  of  very  light  white  flakes  are  fublimed. 
Thefe  flakes  are  the  white  oxyd  of  •zinc,  which  contains  a 
good  deal  more  oxygen  than  the  grey  oxyd  (a). 

Zinc  may  alfo  be  oxydated  by  folulion  in  aeids,  par- 
ticularly the  nitric  acid.  Whether  the  oxyd  obtained 
by  precipitating  zinc  from  its  folution  in  that  acid,  or 
by  dillilling  that  acid  off  zinc,  be  really  differeat  from 
the  white  oxyd,  has  not  yet  been  properly  afeertained  ; 


but  one  would  be  apt  to  fufpeef,  from  the  experiments  Zinc 
mentioned  by  Mr  Kirwan,  that  it  contained  a good  deal 
more  oxygeiil).  \ Miner 

The  affinities  of  the  oxyds,  or  rather  of  the  white  ii-  499- 
oxyd  of  zinc,  are,  according  to  Bergman,  as  follows ; 

Oxalic  acid, 

Sulphuric, 

Pyromucous*,  » Schrh 

Muriatic, 

Saccholactic, 

Nitric, 


Sebacic, 

Tartaric, 

Phofphoric, 

Citric, 

Succinic, 

Fluoric, 

Arfenic, 

Formic, 

Ladtic, 

Acetous, 

Boracic, 

Pruffic, 

Carbonic, 

Ammonia. 

There  is  an  affinity  between  fulphur  and  zinc,  as  is  Sulphur 
evident  from  thefe  two  fubftances  being  often  found 
united  ; but  it  is  very  difficult  to  form  the  fulphuret  of 
zinc  artificially,  on  account  of  the  rapid  oxydation  and 
confequent  volatilization  of  the  zinc.  Morveau,  how- 
ever, fucceeded  in  forming  it. 

Zinc  may  be  combined  with  phofphorus,  by  dropping  Phofphi 
fmall  bits  of  phofphorus  into  it  while  in  a ftate  of  fu-  rets, 
fion.  Pelletier,  to  whom  we  are  indebted  for  the  expe- 
riment, added  alfo  a little  refin,  to  prevent  the  exyda- 
tion  of  the  zinc.  Phofphuret  of  zinc  is  of  a white  co- 
lour, a metallic  fplendor,  but  refembles  lead  more  than 
zinc.  It  is  fomewhat  malleable.  When  hammered  or 
filed,  it  emits  the  odour  of  phofphorus.  When  expo- 
fed  to  a ftrong  heat,  it  burns  like  zinc*.  » Ann.  c 

Phofphorus  dim.  xi 
129. 


(y)  The  paffages  in  which  he  mentions  it  are  as  follows  : — De  Mineral,  lib.  ii.  cap.  ii.  “ Marchafita,  five 
m irchafida  ut  quidam  dicunt,  eft  lapis  in  fubftantia,  et  habet  multas  fpecies,  quare  colorem  accipit  cujuflibet  me- 
talli,  et  fic  dicitur  marchafita  argentea  et  aurea,  et  fic  dicitur  aliis.  Metallum  tamen  quod  colorat  eum  non  di- 
ftillat  ab  ipfo,  fed  evaporat  in  ignem,  et  fic  relinquitur  cinis  inutilis,  et  hie  lapis  riotus  eft  apud  alchimicos,  et  in 
multis  locis  veniuntur. 

Lib.  iii.  chap.  10.  “ iEs  autem  invenitur  in  venis  lapidis,  et  quod  eft  apud  locum  qui  dicitur  Gofelaria  eft  purif- 
fimum  et  optimum,  et  toti  fubftantiae  lapidis  incorporatum,  ita  quod  totus  lapis  eft  ficut  marchafita  aurea,  et  pro- 
fundatum  eft  melius  ex  eo  quod  purias. 

Lib.  V.  cap.  5.  “ Dicimus  igitur  quod  marchafita  duplicem  habet  in  fui  creatione  fubftantiam,  argenti  vivi  fcili- 
cet  mortificati,  et  ad  fixionem  approximantis,  et  fulphuris  adurentis.  Ipfam  habere  fulphureitatem  comperimus 
manife.fta  experientia.  Nam  cum  fublimatur,  ex  ilia  emanat  fubftantia  fulphurea  manifefta  comburens.  Et  fine 
fublimaticne  fimiliter  perpenditur  illius  fulphureitas. 

“ Nam  fiponaturad  ignitionem,  non  fufeipit  illam  priufquam  inflammatione  fulphuris  inflammetur,  et  ardeat. 
Ipfam  vero  argenti  vivi  fubftantiam  manifeftatur  habere  fenfibiliter.  Nam  albedinem  prasftat  Veneri  meri  argenti, 
quemadmodum  et  ipfum  argentum  vivum,  et  colorem  in  ipfius  fublimaticne  casleftium  praeftare,  et  luciditatem 
manifeftam  metallicam  habere  videmus,  quae  certum  reddunt  artificem  Alchimite,  illam  has  fubftantias  continere 
in  radice  fua.” 

(z)  The  real  difeoverer  of  this  method  appears  to  have  been  Dr  Ifaae  I.awfon.  See  Pott,  III.  diffi  7.  and 
Watjon's  Chemical  EJfays. 

(a)  Pott  obferved,  that  it  was  -r\jth  heavier  than  the  zinc  from  which  it  was  obtained  ; and  Mr  Boyle  had 
long  before  afeertained  the  fame  fa<ft. — Shaw's  Boyle,  II.  391,  394* 

This  oxyd  of  zinc  was  well  known  to  the  ancients.  Diofeorides  deferibes  the  method  of  preparing  It.  The 
ancients  called  it pompholyx,  the  early  chemifts  gave  it  the  name  of  lana  philofophica,  Diofeorides  compares  it  to 
wool,  tf<«v  TciXuraij  a4c/zO(cvT«(,  V.  8j,  p.  35^’ 
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defcribes  ihe  procefs.  To  him  indeed  we  are  indebted 
for  our  acquaintance  with  many  of  the  properties  of 
this  metal. 

Antimony  is  of  a white  colour,  with  a fhade  of  grey. 
It  has  a fenfible  tafte,  but  no  fmell  jj. 

It  is  neither  malleable  nor  dudile,  but  exceedingly 
brittle.  Its  fpecific  gravity,  according  to  Briffon,  is 
6,702  ; according  to  Bergman,  6,860.  Its  hardnefs  is 
6,5  §.  It  melts  at  8op°  Fahrenheit  <[|.  If  after  this 
the  heat  be  increafed,  the  metal  evaporates.  On  cool- 
ing it  alTumes  the  form  of  oblong  cryftals,  perpendicu- 
lar to  the  internal  furface  of  the  veffel  in  which  it  cools. 
It  is  to  this  cryftallization  that  the  laminated  ftrudture 
which  antimony  always  aflumes  is  owing. 

Neither  air  nor  water  have  much  efFe<5t  on  this  metal. 

When  antimony  is  beat  to  pow^der,  and  expofed  for 
fome  time  to  a gentle  heat,  it  abforbs  oxygen,  and  is 
converted  into  a grey  powder.  This  is  the  oxj’d 
of  antimony.  When  this  metal  is  kept  for  fome  time 
melted  in  contact  with  air,  it  fublimes  in  the  form  of  a 
white  powder,  formerly  called  Jnomo  or  <white  flonuers  of 
tintimony.  This  is  the  white  oxyd  of  antimony.  This 
oxyd  may  be  procured  alfo  by  pouring  nitric  acid  on 
antimony,  and  then  evaporating  to  drynefs.  Antimo- 
ny attrads  the  oxygen  from  the  acid,  and  thus  paffes 
very  rapidly  into  the  ftate  of  an  oxyd.  This  oxyd 
feems  to  confill  of  about  77  parts  of  antimony  and  33 
of  oxygen.*  The  nature  of  thefe  oxyds  has  never  yet 
been  accurately  inquired  into.  It  is  not  even  known  at 
prefent  whether  the  white  oxyd  obtained  by  heat  and 
that  obtained  by  nitric  acid  contain  the  fame  quantity 
of  oxygen.  The  experiments  mentioned  by  Mr  Kirwan 
make  the  contrary  probable  f ; and  yet  thefe  oxyds 
have  too  many  qualities  in  common  to  render  thefe  ex- 
periments conclufive.  The  white  oxyd  of  antimony  is 
foluble  in  water  :J; ; and  when  fufed,  is  converted  into  a 
tranfparent  glafs.  The  white  oxyd  obtained  by  nitric 
acid  feems  to  pofiefs  many  of  the  properties  of  an  acid. 

The  affinities  of  the  grey  oxyd  of  antimony  are,  ac- 
cording to  Bergman,  as  follows : 

Sebacic  acid. 

Muriatic, 

Benzoic  (n)  ? 

Oxalic, 

Sulphuric, 

Pyromucous 

Nitric, 

Tartarous, 

Saccholadlic, 

Phofphoric, 

Citric, 

Succinic, 

Fluoric, 

Arfenic, 

Formic, 

Ladlic, 

Acetous, 

Boracic, 

Pruffic, 

Carbonic. 

Sulphur  combines  readily  with  antimony.  This  com- 
pound is  often  found  native  : it  was  formerly  called  an- 


timony, and  the  pure  metal  was  then  called  regulus  of 
antimony.  Sulphuret  of  antimony  is  eafily  melted  by  a 
moderate  heat : if  the  heat  be  continued,  the  fulphur 
fublimes,  and  at  the  fame  time  the  antimony  abforbs 
oxygen,  and  is  converted  into  a grey  oxyd.  This  ful- 
phuret  is  compofed  of  74  parts  of  antimony  and  26  of 
fulphur.* 

The  grey  oxyd  of  antimony  is  alfo  capable  of  combi- 
ning with  about  ^4^  fulphur.  This  compound,  by 
fufion,  may  be  converted  into  glafs.  It  was  formerly 
ufed  in  medicine  under  the  name  of  glafs  of  antimony. 

When  equal  parts  of  antimony  and  phofphoric  glafs 
are  mixed  together  with  a little  charcoal  powder,  and 
melted  in  a crucible,  phofphuret  of  antimony  is  produ- 
ced. It  is  of  a white  colour,  brittle,  appears  laminated 
when  broken,  and  at  the  fradture  there  appear  a num- 
ber of  fmall  cubic  facettes.  When  melted  it  emits  a 
green  flame,  and  then  fublimes  in  the  form  of  a white 
powder.  Phofphuret  of  antimony  may  likewife  be  pre- 
pared by  fufing  equal  parts  of  antimony  and  phofpho- 
ric glafs,  or  by  dropping  phofphorus  into  melted  an- 
timony f . 

Antimony  is  capable  of  combining  with  moft  of  the 
metals. 

1.  Gold  maybe  alloyed  with  antimony  by  fufmg 
them  together.  The  antimony  is  afterwards  feparable 
by  an  intenfe  heat.  This  alloy  is  little  known,  and  has 
never  been  applied  to  any  ufe. 

2.  The  alloy  of  filver  and  antimony  is  brittle,  and 
its  fpecific  gravity,  as  Gellert  has  obferved,  is  greater 
than  intermediate  between  the  fpecific  gravities  of  the 
two  metals  which  enter  into  it. 

3.  Platinum  eafily  combines  with  antimony.  The 
alloy  is  brittle,  and  much  lighter  than  platinum.*  The 
antimony  cannot  afterwards  be  completely  feparated  by 
heat. 

4.  Mercury  does  not  eafily  combine  with  antimony. 
Mr  Gellert  fucceeded  in  amalgamating  this  metal  by 
putting  it  into  hot  mercury,  and  covering  the  whole 
with  water. 

5.  Copper  combines  readily  with  antimony  by  fufion. 
The  alloy  is  of  a beautiful  violet  colour,  and  its  fpeci- 
fic gravity  is  greater  than  intermediate  f. 

6.  Iron  combines  with  antimony,  and  forms  a brittle 
hard  alloy,  the  fpecific  gravity  of  which  is  lefs  than  in- 
termediate. The  magnetic  quality  of  iron  is  much 
more  diminiflied  by  being  alloyed  with  antimony  than 
with  any  other  metal:};. 

7.  The  alloy  of  tin  and  antimony  is  white  and  brit- 
tle ; its  fpecific  gravity  is  lefs  than  intermediate 

8.  When  equal  quantities  of  lead  and  antimony  are 
fufed,  the  alloy  is  porous  and  brittle  : three  parts  of 
lead  and  one  of  antimony  form  a compadl  alloy,  mal- 
leable, and  much  harder  than  lead  ; 12  parts  of  lead 
and  one  of  antimony  form  an  alloy  very  malleable, 
and  a good  deal  harder  than  lead  ; 16  parts  of  lead 
and  one  of  antimony  form  an  alloy  which  does  not  dif- 
fer from  lead  except  in  hardnefs  This  alloy  forms 
printers  types. 

9.  Zinc  and  antimony  form  a brittle  alloy,  the  fpeci- 
fic  gravity  of  which  is  lefs  than  intermediate.*  The 
alloys  of  antimony  are  little  known.  Gellert  is  almoft 
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CHEMISTRY. 


14S 

Jjperties 

libifmuth, 


Hon* 
' e*wis* 


149 

ozyds, 


•fOrvians 

ii. 


''lit 


the  only  perfon  who  has  examined  them.  It  would  re- 
quire a great  number  of  experiments  to  be  able  to  fix 
the  proportions  of  their  ingredients. 

The  affinities  of  antimony  are,  according  to  Berg- 
man, as  follows  ; 

Iron, 

Copper, 

Tin, 

Lead, 

Nickel, 

Silver, 

Bifmuth, 

Zinc, 

Gold, 

Platinum, 

Mercury, 

Arfenic, 

Cobalt, 

Sulphuret  of  arfenic, 

Sulphur, 

Phofphorus  ? 

Sect.  XL  Of  Bifmuth. 

The  ancients  appear  to  have  known  nothing  of 
bifmuth,  nor  do  we  know  who  difcovered  it ; but  it  is 
firft  mentioned  by  George  Agricola,  who  was  born 
about  the  end  of  the  15th  century. 

Bifmuth  is  of  a yellowifh  or  reddifli  w'hite  colour, 
and  almoft  deftitute  both  of  tafte  and  fmell. 

It  is  brittle.  Its  hardnefs  is  6*.  Its  fpecific  gra- 
vity is  9,8227^;.  It  melts  at  460°  Fahrenheit 

When  heated  in  clofe  veflels  it  fublimes.  When  al- 
lowed to  cool  {lowly  after  fufion  it  cryftallizes. 

Bifmuth  is  not  altered  by  water.  When  expofed  to 
the  air  itfoon  tarniflies. 

When  bifmuth  is  kept  fufed  in  contadt  with  air,  it  is 
gradually  oxydated.  When  heated  red  hot,  it  emits  a 
very  faint  blue  flame,  and  its  oxyd  evaporates  in  the 
form  of  a yellowifh  fmoke.  When  this  fmoke  is  colledl- 
ed,  it  is  found  to  confifl;  of  a brown  coloured  pow^der. 
This  is  the  Iro’wn  oxyd  of  lifmuth.  It  is  compofed  of 
about  94  parts  of  bifmuth,  and  6 of  oxygen*.  Bifmuth 
decompofes  nitric  acid  with  great  rapidity,  by  attrafl- 
ing  its  oxygen.  If  the  quantity  of  acid  be  confider- 
able,  it  dilTolves  the  oxyd  as  it  forms  ; but  the  greater 
part  of  it  may  be  precipitated  by  diluting  the  acid  with 
water.  This  precipitate,  which  is  a white  pow'der,  is 
’white  o>yd  of  bifmuth.  It  is  compofed  of  about  84  parts 
bifmuth,  and  16  of  oxygenf. 

The  affinities  of  the  oxyds  of  bifmuth  are,  according 
to  Bergman,  as  follows  : 

Oxalic  acid, 

Arfenic, 

Tartarous, 

Phofphoric, 

Sulphuric, 

Sebacic, 

Muriatic, 

Benzoic(E)  ? 

Nitric, 

Fluoric, 

Saccholadtlc, 

Succinic, 
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Citric, 

Formic, 

Ladlic, 

Acetous, 

Pruffic, 

Carbonic, 

Ammonia. 

Sulphur  combines  readily  with  bifmuth  by  fufion.  Sulphuret, 
The  fulphuret  of  bifmuth  is  of  a bluilh  grey  colour,  and 
cryftallizes  into  beautiful  tetrahedral  needles.  It  is 
compofed  of  85  parts  of  bifmuth,  and  15  of  fulphur:};.  | jVenzel, 

There  appears  to  be  little  affinity  between  bifmuth  Kirwans 
and  phofphorus.  Mr  Pelletier  attempted  to  produce  ii. 

the  phofphuret  of  bifmuth  by  various  methods  without 
fuccefs.  When  he  dropped  phofphorus,  however,  into  phofphu- 
bifmuth  in  fufion,  he  obtained  a fubftance  which  did  ret, 
not  apparently  diifer  from  bifmuth,  but  which,  when 
expofed  to  the  blow'-pipe,  gave  evident  figns  of  con- 
taining phofphorus.  Phofphuret  of  bifmuth,  according 
to  Pelletier,  is  compofed  of  about  96  parts  of  bifmuth, 
and  four  of  phofphorus*. 

Bifmuth  combines  readily  with  moft  of  the  metals. 

1.  Equal  parts  of  bifmuth  and  gold  forma  brittle  ^30- 

alloy,  nearly  of  the  fame  colour  with  bifinuthf.  }P‘ 

2.  Equal  parts  of  bifmuth  and  filver  form  alfo  a brit-  ^ Keir^^' 

tie  alloy,  but  lefs  fo  than  the  laft.  The  fpecific  gravity  MacqLrs 
of  both  thefe  is  greater  than  intermediate^.  DiB. 

3.  The  alloy  of  bifmuth  and  platinum  is  alfo  very  t 
brittle.  When  expofed  to  the  air,  it  alfumes  a purple, 
violet,  or  blue  colour.  The  bifmuth  may  be  feparated 
by  heat$. 

4.  Mercury  diftblves  bifmuth  very  eafily.  The 
amalgam  is  more  fluid  than  pure  mercury,  and  has  the 
property  of  dilTolving  lead  and  rendering  it  alfo  fluid  ||. 

It  is  capable,  however,  of  cryftallizing.  The  cryftals 
are  either  oftahedrons,  lamellated  triangles,  or  hexa- 
gons. They  are  compofed  of  one  part  of  bifmuth  and 
two  of  mercury J. 

5.  The  alloy  of  copper  and  bifmuth  is  not  fo  red  asy««,  i 

copper.  “ 

6.  Nothing  is.  known  concerning  the  alloy  of  iron 
and  bifmuth. 

7.  Bifmuth  and  tin  unite  readily.  A fmall  portion 
of  bifmuth  increafes  the  brightnefs,  hardnefs,  and  fono- 
roufnefs  of  tin  : It  often  therefore  enters  into  the  com- 
pofition  of  the  compound  called  pewoter.  Equal  parts 
of  tin  and  bifmuth  form  an  alloy  that  melts  at  280°  : 
eight  parts  of  tin,  and  one  of  bifmuth,  melt  at  390°  ; 
two  parts  of  tin,  and  one  of  bifmuth,  at  330'^^. 

8.  The  alloy  of  lead  and  bifmuth  is  of  a dark  grey 
colour,  a clofe  grain,  but  very  brittle. 

9.  Bifmuth  does  not  combine  with  zinc. 

10.  The  alloy  of  antimony  and  bifmuth  is  unknown. 

Bifmuth  likewife  enters  into  triple  compounds  with 

metals  : Two  parts  of  lead,  three  of  tin,  and  five  of 
bifmuth,  form  an  alloy  which  melts  at  the  heat  of  boil- 
ing water,  which  is  212°. 

The  affinities  of  bifmuth,  according  to  Bergman,  are  And  affini- 
as  follows : 

Lead, 

Silver, 

Gold, 

Mercury, 

Antimony, 
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(e)  Muriatic  acid  decompofes  benzoat  of  bifmuth. — Tronmfdorf  Ann.  de  Chim.  xi.  317. 
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Antimony, 

Tin, 

Copper, 

Platinum, 

Nickel, 

Iron, 

Sulphuret  of  alkali. 

Sulphur, 

Phofphorus  ? 

Sect.  XII.  Of  Alrfenic. 

The  word  aryefl/c  (ap<rsv/»o»)  occurs  firft  in  the  works 
of  Diofcorides,  and  of  fome  other  authors  who  wrote 
about  the  beginning  of  the  Chriftian  era.  It  denotes  in 
their  works  the  fame  fubftance  which  Ariftotle  had 
called  (f),  and  his  difciple  Theophraftus 

apfiniKov,  which  is  areddifh  coloured  mineral,  compofed 
of  arfenic  and  fulphur,  ufed  by  the  ancients  in  painting, 
and  as  a medicine. 

The  tvats  oxyd  of  arfenic,  or  what  is  known  in  com- 
merce by  the  name  of  arfenic,  U mentioned  by  Avicen- 
na in  the  nth  century;  but  at  what  period  the  metal 
called  arfenic  was  firft  extradted  from  that  oxyd  is  un- 
known. Paracelfus  feems  to  have  known  it.  It  is 
mentioned  by  Schroeder  in  his  Pharmacopoeia  publilhed 
in  1649'*. 

Arfenic  when  pure  is  of  a bluifh  white  colour.  It  is 
exceedingly  brittle.  Its  hardnefs  is  yf.  Its  fpecific 
gravity  8,310.^. 

When  expofed  to  the  temp^ature  of  354*’  in  clofe 
veflels  it  fublimes^,  and  cryftallizes  in  regular  tetrahe- 
drons. 

It  is  not  much  altered  by  water.  Boiling  water, 
however,  is  capable  of  dilTolving  and  retaining 
of  arfenic  ; but  that  part  of  the  metal  is  no  doubt  re- 
duced to  the  date  of  an  oxyd||. 

When  arfenic  is  expofed  to  the  open  air,  it  very  foon 
lofes  its  luftre,  and  is  gradually  converted  into  a greyifti 
black  fubftance  by  combining  with  oxygen.  This  is 
called  the  grey  oxyd  of  arfenic. 

When  expofed  to  a moderate  heat  in  contadl  with 
air,  it  fublimes  in  the  form  of  a white  powder,  and  at 
the  fame  time  emits  a fmell  refembling  garlic.  If  the 
heat  be  increafed,  it  burns  with  an  obfcure  bluifti  flame. 


Arfenic 


Muriatic  acid. 

Oxalic, 

Sulphuric, 

Nitric, 

Sebacic, 

Tartarous, 

Phofphoric, 

Fluoric, 

Saccholadlic, 

Succinic, 

Citric, 

Formic, 

Ladtic, 

Arfenic, 

Acetous, 

Prufllc, 

Ammonia, 

Water, 

Alcohol  ? 

Arfenic,  or  rather  the  white  oxyd  of  arfenic,  is  capa- 
ble of  combining  with  an  additional  dofe  of  oxygen. 

The  compound  produced  is  arfenic  acid,  Srft  difcovered 
by  Scheele,  which  contains  91  parts  of  arfenic  and  9 of 
oxygen* . 

Arfenic  combines  readily  with  fulphur.  When  heat  Kirivan't 
is  applied  to  a mixture  of  white  oxyd  of  arfenic  and  Miner.  i\ 
fulphur,  the  oxyd  is  decompofed,  part  of  the  fulphur  490- 
combines  with  its  oxygen,  and  the  remainder  unites  „ , 
with  the  reduced  metal.  The  fulphuret  of  arfenic 
produced  by  this  procefs  is  of  a yellow  colour,  and 
was  formerly  called  orpiment.  It  is  compofed,  accor- 
ding to  Weftrum,  of  20  parts  of  arfenic,  and  80  of 
fulphurf.  It  is  often  found  native.  If  a ftronger  f A’/rwai 
heat  be  applied,  fo  as  to  melt  the  fulphuret,  it  aflumes  Miner,  ii 
a fcarlet  colour,  and  is  much  lefs  volatile  than  former-  49*- 
ly.  This  new  compound  was  formerly  called  realgar. 

It  is  compofed,  according  to  Weftrum,  of  80  parts  of 
arfenic,  and  20  of  fulphurj.  The  difference,  \.htrc- \ Ibid. 
fore,  between  it  and  orpiment  is  evident.  During  the 
fufion,  part  of  the  fulphur  without  doubt  fublimes.  It 
might  be  called  red  fulphuret  of  arfenic. 

Arfenic  combines  readily  with  phofphorus.  The  Phofphu 
phofphuretof  arfenic  may  be  formed  by  diftilling  equal  rsb 
parts  of  its  ingredients  over  a moderate  fire.  It  is 
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This  fublimate  is  auhlle  oxyd  of  arfenic,  which  is  compo-  black  and  brilliant,  and  ought  to  be  preferved  in  water. 
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fed  of  93  parts  of  arfenic  and  7 of  oxygen^. 

It  is  of  a fliarp  acrid  tafte,  which  at  laft  leaves  an  im- 
preflion  of  fweetnefs,  and  is  one  of  the  moft  virulent 
poifons  known.  It  has  an  aliacious  fmell.  It  is  fo- 
luble  in  80  parts  of  water  at  the  temperature  of  60°, 
and  in  15  parts  of  boiling  water:}:.  When  this  foluiion 
is  evaporated,  the  oxyd  cryflallizes.-j-  When  heated  to 
283°,  it  fublimes  : if  heat  be  applied  in  clofe  veffels,  it 
becomes  pellucid  like  glafs,  but  when  expofed  to  the 
air,  it  foon  recovers  its  former  appearance.  The  fpeci- 
fic gravity  of  this  glafs  is  5,000  ; that  of  the  white 
oxyd,  3,706^.  This  oxyd  is  capable  of  combining 
with  moft  of  the  metals,  and  in  general  renders  them 
brittle.  Its  affinities,  according  to  Bergman,  are  as 
follows  : 


It  may  be  formed  likewife  by  putting  equal  parts  of 
phofphorus  and  arfenic  into  a fufficient  quantity  of 
water,  and  keeping  the  mixture  moderately  hot  for 
fometime^.  ^ ^ Pelleth 

Arfenic  unites  with  moft  metals,  and  in  general  ren-  Ann.  de 
ders  them  more  brittle  and  more  fufible.  Cbim.  xi 

1.  Melted  gold  takes  up  -g^s-th  of  arfenic j|.  The  al- 
loy  is  brittle  and  pale. 

2.  Melted  filver  takes  up -j-g:th  of  arfenic^  . The  ^ 

alloy  is  brittle.  158 

3.  The  alloy  of  platinum  and  arfenic  is  brittle  and  Alloys 
very  fufible.  It  was  firft  formed  by  Scheffer.  The 
arfenic  may  be  feparated  by  heat. 

4.  The  amalgam  of  arfenic  is  compofed  of  five  parts 


of  mercury  and  one  of  arfenic^. 


5.  Copper 


§ Ibid* 


(f)  Pliny  feems  to  make  a diftindfion  between  fandaracha  and  arfenic.  See  Lib.  xxxiv.  g.  18, 
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5.  Copper  takes  up  -gths  of  arfenicf . This  alloy  is 
white ; and  when  the  quantity  of  arfenic  contained  in 
it  is  fmall,  both  dudtile  and  malleabkf.  It  is  called 
nuhite  tombac. 

6.  Iron  is  capable  of  combining  with  more  than  its 
own  weight  of  arfenicf.  This  alloy  is  white,  brittle, 
and  capable  of  cryftallizing.  It  is  found  native[|. 

7.  The  alloy  of  tin  and  arfenic  is  harder  and  more  fo- 
norous  than  tin,  and  has  much  refemblance  externally 
to  zinc.  Tin  often  contains  a fmall  quantity  of  arfenic. 

8.  Lead  takes  up  |th  of  arfenic^.  The  alloy  is  brit- 
tle and  dark  coloured. 

9.  Zinc  takes  up  fth  of  arfenic,  antimony  -|^th,  and 
bifmuth  -fVth.* 

The  affinities  of  arfenic,  according  to  Bergman,  are 
as  follows : 

Nickel, 

Cobalt, 

Copper, 

Iron, 

Silver, 

Tin, 

Gold, 

Platinum, 

Zinc, 

Antimony, 

Sulphuret  of  alkali, 

Sulphur, 

Phofphorus. 

Sect.  XIII.  Of  Cobalt. 

A MINERAL  called  cobalt  (g),  of  a grey  colour,  and 
very  heavy,  has  been  ufed  in  different  parts  of  Europe 
fmce  the  15th  century  to  tinge  glafs  of  a blue  colour. 
From  this  mineral  Brandt  obtained  in  1733  a new  me- 
tal, to  which  he  gave  the  name  of  colalt\. 

Cobalt  is  of  a white  colour,  inclining  to  a bluifh  or 
fteel  grey.  When  pure,  it  is  fomewhat  malleable  while 
red  hot J.  Its  hardnefs  is  8^.  Its  fpecific  gravity  is 
8,15  (m).  It  requires  for  fufion  a heat  at  lead  as  great 
as  cad  iron,  which  melts  at  130®  Wedgewood.  No 
heat  has  been  produced  great  enough  to  volatilize  it|]. 

Cobalt,  when  pure,  does  not  feem  to  be  affefied  by 
air  or  water. 

It  is  attrafted  by  the  magnet. 


It  is  not  oxydated  by  heat  without  very  great  diffi- 
culty ; but  it  has  the  property  of  decompofing  nitric 
acid,  and  of  attraffing  oxygen  by  that  means  with 
great  rapidity. 

The  OKyd  of  cobalt  is  of  fo  deep  a blue  as  to  appear 
black.  The  oxyd  procured  by  heat  is  compofed  of  88 
parts  of  cobalt  and  12  of  oxygen;  that  by  nitrfc  acid 
contains  about  77  parts  of  cobalt  and  23  of  oxygen.* 
Its  affinities,  according  to  Bergman,  are  as  follows  ; 
Oxalic  acid, 

Muriatic, 

Sulphuric, 

Tartarous, 

Nitric, 

Sebacic, 

Phofphoric, 

Fluoric, 

Saccholaffic, 

Succinic, 

Citric, 

Formic, 

Ladic, 

Acetous, 

Arfenic, 

Boracic, 

Pruffic, 

Carbonic, 

Ammonia. 

The  fulphuret  of  cobalt  is  not  formed  without  diffi- 
culty. It  is  fcarcely  known. 

Phofphuret  of  cobalt  may  be  formed  by  heating  the 
metal  red  hot,  and  then  gradually  dropping  in  fmall  bits 
of  phofphorus.  It  contains  about  of  phofphorus. 
It  is  white  and  brittle,  and  when  expofed  to  the  air 
foon  lofes  its  metallic  luftre.  The  phofphorus  is  fepa- 
rated  by  heat,  and  the  cobalt  is  at  the  fame  time  oxy- 
dated. This  phofphuret  is  much  more  fufible  than 
pure  cobaltf . 

The  combinations  of  cobalt  with  other  metals  have 
been  very  little  examined  into. 

1.  The  alloy  of  gold  and  cobalt  is  not  known. 

2.  Cobalt  does  not  combine  with  filver  by  fufionj  ; 
but,  accbrding  to  Gellert,  the  alloy  of  filver  and  cobalt 
may  be  formed  : it  is  brittle  and  of  a grey  colour 

3.  The  alloy  of  platinum  and  cobalt  is  unknown. 

4.  Mer- 
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Its  oxyds. 
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(g)  The  word  cobalt  feems  to  be  derived  from  cobalus,  which  was  the  name  of  a fpirit  that,  according  to  the 
fuperftitious  notions  of  the  times,  haunted  mines,  deftroyed  the  labours  of  the  miners,  and  often  gave  them  a 
great  deal  of  unneceffary  trouble.  The  miners  probably  gave  this  name  to  the  mineral  out  of  joke,  becaufe  it 
thwarted  them  as  much  as  the  fuppofed  fpirit,  by  exciting  falfe  hopes,  and  rendering  their  labour  often  fruit- 
lefs  ; for  as  it  was  not  known  at  firft  to  what  ufe  the  mineral  could  be  applied,  it  was  thrown  ahde  as  ufelefs.  It 
■was  once  cuftomary  in  Germany  to  introduce  into  the  church-fervice  a prayer  that  God  would  preferve  miners 
and  their  works  from  kobalts  and  fpirits.  See  Beckmann’s  Hifiory  of  Inooentions,  II.  362. 

Mathefius,  in  his  tenth  fermon,  where  he  fpeaks  of  cadmia  fojftlis  (probably  cobalt  ore),  fays,  “ Ye  miners 
call  it  koboh  ; the  Germans  call  the  black  devil  and  the  old  devil’s  whores  and  hags,  old  and  black  kohel,  which 
by  their  witchcraft  do  injury  to  people  and  to  their  cattle.” 

Lehmann,  Paw,  Delaval,  and  feveral  other  philofophers,  have  fuppofed  that  fmalt  (oxyd  of  cobalt  melted 
with  glafs  and  pounded)  was  known  to  the  ancients,  and  ufed  to  tinge  the  beautiful  blue  glafs  ftill  vifible  in 
feme  of  their  works ; but  w’e  learn  from  Gmelin,  who  analyfed  fome  of  thefe  pieces  of  ghtfs,  that  they  owed 
their  blue  colour,  not  to  the  prefence  of  cobalt  but  of  iron. 

According  to  Lehmann,  cobalt  ore  was  firft  ufed  to  tinge  glafs  blue  by  Chriftopher  Schurer,  a glafs-makcr 
at  Plattan,  about  the  year  1540. 

(h)  Berg.  II.  231.  According  to  Briffon,  7,8119. 
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4.  Mercury  does  r.o{  appear  to  amalgamate  with 
cobalt, 

5.  The  alloy  of  copper  and  cobalt  is  fcarcely  known. 

6.  The  alloy  of  iron  and  cobalt  is  very  hard,  and 
not  eafily  broken.  Cobalt  generally  contains  fome 
iron,  from  which  it  is  with  great  difficulty  feparated. 

7.  The  alloy  of  tin  and  cobalt  is  of  a light  violet 
colour. 

8.  Cobalt  does  not  combine  with  lead  by  fufion. 

9.  The  alloy  of  zinc  and  cobalt  is  not  formed  with- 
out difficulty. 

TO.  The  alloy  of  antimony  and  cobalt  is  unknown. 

11.  Cobalt  does  not  combine  wdth  bifrnuth  by  fu- 
fion.* 

1 2.  Arfenic  combines  very  readily  with  cobalt.  The 
alloy  is  brittle,  much  more  fufible,  a»d  more  eafily 
oxydated  than  pure  cobaltf. 

The  affinities  of  cobalt  are  as  follows : 

Iron, 

Nickel, 

Arfenic, 

Copper, 

Gold, 

Platinum, 

Tin, 

Antimony, 

Zinc, 

Sulphuret  of  alkali. 

Sulphur, 

Phofphorus  ? 

Sect.  XIV.  Of  Nichl. 

A HEAVY  mineral  of  a red  colour  is  met  with  in  fe- 
veral  parts  of  Germany,  which  bears  a ftrong  refem- 
blance  to  an  ore  of  copper;  but  none  of  that  metal  can 
be  exrradled  from  it ; for  this  reafon  the  Germans  call- 
ed it  kupfer  nickel  (devil’s  copper.)  Hierne  mentioned 
it  in  1694.  Cronftedt  was  the  firft  chemift  who  exa- 
mined it  with  accuracy.  He  concluded  from  his  expe- 
riments, which  were  publilhed  in  the  Stockholm  Tranf- 
adions  for  1751  and  1754  that  it  contained  a new 
metal,  to  which  he  gave  the  name  of  nithel. 

Some  chemifts,  particularly  Mr  Sage,  affirmed,  that 
it  contained  no  new  metal,  but  merely  a compound  of 
various  known  metals,  which  could  be  feparated  from 
each  other  by  the  ufual  procelTes.  Thefe  alfertions  in- 
duced Bergman  to  undertake  a very  laborious  courfe  of 
experiments,  in  order  if  poffible  to  obtain  nickel  in  a 
hate  of  purity  : for  Cronftedt  had  not  been  able  to  fe- 
parate  a quantity  of  arfenic,  cobalt,  and  iron,  which 
adhered  to  it  with  much  obftinacy.  Thefe  experiments 
have  been  very  fully  detailed  in  the  article  Chemistry 
in  the  Encycl.  to  which  we  beg  leave  to  refer.  Berg- 
man has  (hewn,  that  nickel  polfelfes  peculiar  properties, 
and  that  it  can  neither  be  reduced  to  any  other  metal, 
nor  formed  artificially  by  any  combination  of  metals. 
It  muft  therefore  be  confidered  as  a peculiar  metal.  It 
may  poffibly  be  a compound,  and  fo  may  likewife  many 
other  metals ; but  we  muft  admit  every  thing  to  be  a 
peculiar  body  which  has  peculiar  properties,  and  w'e 
muft  admit  every  body  to  be  fimple  till  fome  proof  be 
aiftually  produced  that  it  is  a compound;  otherwife  w'e 
forfake  the  road  of  fcience,  and  get  into  the  regions  of 
fancy  and  romance. 


Part 

Nickel. 


Nickel  is  of  a greyifti  white  colour,  and  when  lefs 
pure  inclines  a little  to  red. 

It  is  both  dudile  and  malleable.  Its  hardnefs  is  8*  its  propgi 
Its  fpecific  gravity  9,000-]’.  It  requires  for  fufion  a ties, 
temperature  at  leaft  equal  to  150°  WedgewoodJ.  * Kir-wati 

It  is  powerfully  attraded  by  the  magnet,  and  is  even  «■ 

poffieffed  of  the  property  of  attrading  iron.  This  in-  ? 
duced  Bergman  to  fuppofe  that  nickel,  when  pureft,  231^*** 
was  ftill  contaminated  with  about  one-third  of  iron  : | Ibid. 
but  as  this  is  the  only  proof  of  its  containing  iron, 

Klaproth,  with  reafon,  deems  it  an  infufficient  one,  and 
confiders  attradion  by  the  magnet  as  a property  of 
nickel^. 

When  expofed  to  a ftrong  heat,  nickel  is  oxydated  Chim.u  j: 
flowly.  Its  oxyd  is  of  a brovm  colour  ; if  impure,^  it 
is greenijh.  The  oxyd  of  nickel,  according  to  Klaproth,  ^ * 
is  compofed  of  77  parts  of  nickel  and  33  of  oxygen<[[.  ti^Kirwan 
Its  affinities,  according  to  Bergman,  areas  follows  ; h.  j 
Oxalic  acid,  49°. 

Muriatic, 

Sulphuric, 

Tartarous,  p 
Nitric,  < 

Sebacic, 

Phofphoric, 

Fluoric, 

Saccholadic, 

Succinic, 

Citric, 

Formic, 

Ladic, 

Acetous, 

Arfenic, 

Boracic, 

Pruffic, 

Carbonic, 

Ammonia, 

Potafs  ? 

Soda  ? 

Cronftedt  found  that  nickel  combined  readily  w'ith  Sulphurctjl 
fulphur  by  fufion.  The  fulphuret  which  he  obtained 
was  yellow  and  hard,  with  fmall  fparkling  facets ; but 
the  nickel  which  he  employed  was  impure. 

Nickel  combines  very  readily  with  phofphorus,  either  phofphu- 
by  fufing  it  along  with  phofphoric  glafs,  or  by  drop-  ret, 
ping  phofphorus  into  it  while  red  hot.  The  phofphu- 
ret  of  nickel  is  of  a white  colour,  and  when  broke  ex- 
hibits the  appearance  of  very  flender  prifms  colleded 
together.  When  heated,  the  phofphorus  burns,  and  the 
metal  is  oxydated.  It  is  compofed  of  83  parts  of  nick- 
el and  17  of  phofphorus*.  The  nickel,  however,  on*  Pelletier, \ 
which  this  experiment  was  made,  was  not  pure.  Ann.  de 

Little  is  known  concerning  the  alloys  of  nickel  with  xiii* 
other  metals.  Equal  parts  of  filver  and  nickel  form  a 
white  dudile  alloy.  Equal  parts  of  copper  and  nickel 
form  a red  dudile  alloy.  The  compounds  which  this  ’ 

metal  forms  with  tin  and  zinc  are  brittle.  It  does  not 
combine  with  mercuryf.  It  has  a very  ftrong  affinity  f Bergman.' 
for  iron,  cobalt,  and  arfenic,  and  is  fcarcely  ever  found  “•  *3i* 
except  combined  with  fome  of  them. 

Its  affinities,  according  to  Bergman,  are  as  follows : And  affinl* 
Iron,  ties. 

Cobalt, 

Arfenic, 

Copper, 
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Silver, 

Tin, 

Sulphuret  of  alkali, 

Phofphorus  ? 

Carbon  ? 

Tlie  three  metals,  cobalt,  7ikkel,  and  manganefe,  rc- 
femble  iron  in  feveral  particulars  : Like  it  they  are 
magnetic,  very  hard,  and  very  difficult  to  fufe ; but  they 
differ  from  it  in  fpecific  gravity,  malleability,  and  in 
the  properties  of  all  their  combinations  u'ith  other  fub- 
ftances  ; the  oxyds,  for  inftance  of  iron,  cobalt,  nickel, 
and  manganefe,  poffefs  very  different  qualities. 

Sect.  XVI.  Of  Tungjlen. 

There  is  3.  mineral  found  in  Sweden  of  an  opaque 
white  colour,  and  great  weight ; from  which  laft  cir- 
cumftance  it  got  the  name  of  tungfien,  or  ponderous  Jlone. 
Some  mineralogifts  confidered  it  as  an  ore  of  tin,  others 
fuppofed  that  it  contained  iron.  Scheele  analyfed  it  in 
1781,  and  found  that  it  was  epmpofed  of  lime  and  a 
peculiar  earthy-like  fubflance,  which  he  called  from 
its  properties  tungjiic  acid.  Bergman  conjedtured  that 
the  bafis  of  this  acid  was  a metal ; and  this  conjedture 
was  foon  after  fully  confirmed  by  the  experiments  of 
Meffrs  D’Elhuyart,  who  obtained  the  fame  fubftance 
from  a mineral  of  a brownifh  black  colour,  called  by 
the  Germans  'wolfram,  which  is  fometimes  found  in  tin 
mines.  This  mineral  they  found  to  contain  of 
tungflic  acid  ; the  reft  of  it  confifted  of  manganefe, 
iron  and  tin.  This  acid  fubftance  they  mixed  with 
charcoal  powder,  and  heated  violently  in  a crucible 
On  opening  the  crucible  after  it  had  cooled,  they  found 
in  it  a button  of  metal  of  a dark  brown  colour,  which 
crumbled  to  powder  between  the  fingers.  On  viewing 
it  with  a glafs,  they  found  it  to  conlift  of  a congeries 
of  metallic  globules,  fome  of  which  were  as  large  as  a 
pin  head.  The  metal  thus  obtained  is  called  iungjlen. 
The  manner  in  which  it  was  produced  is  evident ; tung- 
ftic  acid  is  compofed  of  oxygen  and  tungften  : the  oxy- 
gen combined  with  the  carbon,  and  left  the  metal  in  a 
ftate  of  purity. 

Tungften  is  externally  of  a brown  colour,  internally 
of  a fteel  grey*. 

Its  fpecific  gravity  is  17,600^;.  It  is  more  infufible 
than  manganefe  y. 

When  heat  is  applied  to  tungften  it  is  converted  in- 
to a yellow  powder,  compofed  of  80  parts  of  tungften 
and  20  of  oxygen-j*.  This  is  the  yellow  oxyd  of  tungjlen 
or  tungf  ic  acid. 

The  fulphuretof  tungften  is  of  a bluifh  black  colour, 
hard,  and  capable  of  cryftallizing. 

Phofphorus  is  capable  of  combining  with  tungften^. 

Of  the  alloys  of  tungften  we  know  nothing,  except 
from  the  experiments  of  Elhuyarts,  which  have  been 
tranferibed  into  the  article  chemiftry  in  the  Encyclo- 
pculia  ; to  which,  therefore,  we  beg  leave  to  refer. 

Sect.  XVII.  Of  Molybdenum. 

The  Greek  word  m&lybdena,  and  its  Latin  tranflation 
plumbago,  feem  to  have  been  employed  by  the  ancients 
to  denote  various  oxyds  of  lead  ; but  by  the  moderns 
they  were  applied  indifcriminately  to  allfubftances  pof- 
felTed  of  the  following  properties  ; Light,  friable,  and 


foft,  of  a dark  colour  and  greafy  feel,  and  which  leave  Molybd 
a ftain  upon  the  fingers.  Scheele  firft  examined  thefe  »uni,| 
minerals  with  attention.  He  found,  that  two  very  dif- 
ferent  fubftances  had  been  confounded  together.  To 
one  of  thefe,  which  is  compofed  of  carbon  and  iron, 
and  which  has  been  already  deferibed,  he  appropriated 
the  word  plumbago ; the  other  he  called  molybdena. 

Molybdena  is  compofed  of  fcaly  particles  adhering 
(lightly  to  each  other.  Its  colour  is  bluilh,  very  much 
reftmbling  that  of  lead.  Scheele  analyfed  it,  and  ob- 
tained fulphur  and  a whitifti  powder,  which  poffeffed 
the  properties  of  an  acid,  and  which,  therefore,  he  call- 
ed acid  of  molybdena.  Bergman  firft  fufpeffed  that  the 
bafis  of  this  acid  was  a metal.  It  was  at  the  requeft  of 
Bergman  and  Scheele  that  Mr  Hielm  began  the  labo- 
rious courfe  of  experiments  by  which  he  fucceeded  in 
obtaining  a metal  from  this  acid.  His  method  was  to 
form  it  into  a pafte  with  linfeed  oil,  and  then  to  apply 
a very  ftrong  heat.  This  procefs  he  repeated  feveral 
times  fucceffively.  Klaproth  and  Pelletier  alfo  attempt- 
ed to  reduce  it,  and  with  equal  fuccefs.  The  metal  is 
molybdenum{^vd). 

Molybdenum  is  externally  of  a whitiffi  yellow  colour,  it$  prop(| 
but  its  fradure  is  a whitifti  grey.  ties. 

Hitherto  it  has  only  been  procured  in  fmall  grains, 
agglutinated  together  in  brittle  mafies. 

Its  fpecific  gravity  is  7,500.  It  is  almoft  infufible 
in  our  fires. 

When  expofed  to  a ftrong  heat,  it  is  gradually  con- 
verted into  a whitifti-coloured  oxyd|.  When  viitric  \ Pellctin\ 
acid  is  poured  upon  it,  molybdenum  attradls  oxygen,  Joum. 
and  is  converted  into  a 'white  oxyd,  which  poffefles  tlie  *7'| 
properties  of  an  acidf . This  is  the  molybdic  acid.  | 

Molybdenum  combines  readily  with  fulphur  ; and  the 
compound  has  exadtly  the  properties  of  molybdena,  the 
fubftance  which  Scheele  decompounded^  Molybdena  § 
is  therefore  fulphuret  ef  molybdenum.  The  reafon  that 
Scheele  obtained  from  it  molybdic  acid  was,  that  the 
metal  combined  with  oxygen  during  his  procefs. 

Molybdenum  is  alfo  capable  of  combining  with  phof- 

Few  of  the  alloys  of  this  metal  have  been  hitherto  Ann.  de 
examined.  C£>m.xii\ 

It  feems  capable  of  uniting  with  gold.  The  alloy  is  ^37- 
probably  of  a white  colourj.  ^ PufrM 

It  combines  readily  with  platinum  while  in  the  ftate  Ann.  de  -I 
of  an  oxyd.  The  compound  is  fufible.  Its  fpecific  CUm.  vU/l 
gravity  is  20,00^.  J 

The  alloys  of  molybdenum  with  filver,  iron  and 
copper,  are  metallic  and  friable  ; thofe  with  lead  and 
tin  are  powders  which  cannot  be  fufed*.  17. 

Sect.  XVIII.  Of  Ur„nmm. 

There  is  a mineral  found  in  the  George  Wagsfort 
mine  at  Johann- Georgenftadt  in  Saxony,  partly  in  a 
pure  or  unmixed  ftate,  and  partly  ftratified  with  other  Difcoveql 
kinds  of  ftones  and  earths.  The  firft  variety  is  of  a of 
blackifti  colour  inclining  to  a dark  iron  grey,  of  a mo-  uni. 
derate  fplendor,  a clofe  texture,  and  when  broken  pre- 
fent  a fomewhat  uneven,  and,  in  the  fmalleft  particles, 
a conchoidal  furface.  It  is  quite  opaque,  tolerably 
hard,  and  on  being  pounded  yields  a black  powder.  Its 
fpecific  gravity  is  about  7,500.  The  fecond  fort  is 

diftinguiihed 


(k)  This  name  was  given  it  by  Hielm. 


) 


i t 

I \Klaproth, 
%\;WsJour- 

'•  I,  E“g- 

i- 


^i6. 


\nd. 

/ 

I ' 

f 

’•1 


I 185 

ilpropcr- 

i\id.  233. 

II 


lij. 


D' every 
olitani- 


I. 


C H E M 

diilingulflisd  by  a finer  black  colour,  with  here  and 
there  a reddifii  caft  ; by  a ftronger  luftre,  not  unlike 
that  of  pitcoal ; by  an  inferior  hardnefs  ; and  by  a ftiade 
of  green,  which  tinges  its  black  colour  when  it  is  re- 
duced to  powder.* 

This  folUle  was  called  pechUende  ; and  mineralogifts, 
mifled  by  the  name  (l),  had  taken  it  for  an  ore  of 
zinc,  till  the  celebrated  Werner,  convinced  from  its 
texture,  hardnefs,  and  fpecific  gravity,  that  it  was  not 
a blende^  placed  it  among  the  ores  of  iron.  Afterwards 
he  fufpeited  that  it  contained  tungjlen  ; and  this  con- 
jecture was  leemingly  confirmed  by  the  experiments  of 
lome  German  mineralogiils,  publilhed  in  the  Miners 
Journal!.  But  Klaproth,  whofe  analyfes  always  dif- 
play  the  moft  confummate  fkill,  joined  with  the  inoft. 
rigid  accuracy,  examined  this  mineral  about  the  year 
1789,  and  found  that  it  confifted  chiefly  of  fulphur 
combined  with  a peculiar  metal,  to  which  he  gave  the 
name  of  uranium  (m). 

Uranium  is  of  a dark  grey  colour;  internally  it  is 
fomewhat  inclined  to  brown 

Its  malleability  is  unknown.  Its  hardnefs  is  about 
6.  It  requires  a ftronger  heat  for  fufion  than  manga- 
nefe.  Indeed  Klaproth  only  obtained  it  in  very  fmall 
conglutinated  metallic  grains,  forming  altogether  a po- 
rous and  fpongy  mafs. — Its  fpecific  gravity  is  6,440  y. 

When  expofed  for  fome  time  to  a red  heat,  it  fuffers 
no  change.  By  means  of  nitric  acid,  however,  it  may 
be  converted  into  a yellow  powder.  This  is  the  yelloiu 
oxyd  of  uranium.  I’his  oxyd  is  found  native  mixed 
with  the  mineral  above  deferibed.  Its  affinities  have 
not  yet  been  determined. 

Uranium  is  capable  of  combining  with  fulphur. 
The  mineral  from  which  Mr  Klaproth  firft  obtained  it 
is  a native  fulphuret  of  uranium. 

Nothing  is  known  concerning  the  alloys  or  affini- 
ties of  uranium. 

Sect.  XIX.  Of  Titanium. 

There  is  a mineral  found  in  Hungary  which,  from 
its  external  appearance,  has  been  called  Jhorl ; but 
Klaproth,  w'ho  examined  it  about  the  year  1795,  dif- 
covered  that  it  confifted  chiefly  of  a peculiar  metal,  to 
w’hich  he  gave  the  name  of  titariium. 

Titanium  is  of  a browniffi  red  colour,  and  confider- 
able  luftre.  It  is  brittle.  Its  hardnefs  is  9 ; its  fpecific 
gravity  4,18. 

When  expofed  to  a ftrong  heat  in  a clay  crucible,  it 
fuffered  no  alteration,  except  that  its  colour  became 
browmer;  but  in  a coal  crucible  it  loft  its  luftre  and 
broke  to  pieces. 

It  is  found  naturally  cryftallized  in  right-angled  qua- 
drangular prifms,  longitudinally  furrowed,  and  about 
i inch  in  length. 

No  acid  had  any  effeift  in  oxydating  it ; but  when 
mixed  with  five  times  its  weight  of  potafs,  and  heated 
in  a porcelain  furnace,  it  melted,  and  formed  w'hen 
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cold  a denfe  greyifh  mafs,  the  fiirfacc  of  which  was  Tellurium, 
cryftiiilized.  When  diffolved  in  boiling  water,  it  foon 
let  fall  a white  powder,  weighing  about  one-third  more 
than  the  titanium  employed.  This  is  the  oxyd  of  ti- 
tanium, Fifty  grains  of  it  were  1 educed  by  ignition  to 
38.  While  hot  it  w'as  yellowifli,  but,  like  oxyd  of 
zinc,  became  white  as  il  cooled.  When  heated  on  char- 
coal, it  affumes  firft  a rojy  redy  and  afterwards  a (late 
blue  colour,  and  at  laft  melts  into  an  imperfedt  bead  witii 
a finely  ftriated  furface.  Ivir  Klaproth  did  notfucceed 
in  reducing  it  to  the  metallic  ftate. 

Titanium  does  not  feem  to  have  any  affinity  for 
fulphur  f . 

There  wi’as  a fubftance  difeovered  by  Mr  M‘Gregor 
in  the  valley  of  Menachan  in  Cornw'all,  and  hence  Menadia- 
called  mcnachanite . Upon  this  fubftance  Mr  M‘Gregor 
made  a very  interefting  fet  of  experiments,  which  were 
publilhed  in  the  Journal  de  Phyfique  for  1791.  He 
fufpedied  it  to  contain  a new  metal.  From  its  proper- 
ties, Mr  Kirwan  conjedtured  that  it  was  the  fame  with 
titanium  ;*  and  this  conjedlure  has  been  very  lately  * Mineral. 
confirmed  by  Mr  Klaproth,  wffio  analyfed  menachanite,  ii.  331. 
and  found  it  to  be  an  ore  of  that  metal. 
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Sect.  XX.  Of  Tellurium. 

In  the  mountains  of  Fatzbay,  near  Zalethna  in  Tran-  Difeovery 
fylvania,  there  is  a mine  called  Mariahvf ; the  ore  of  of  tellu- 
which  is  wTought  for  the  gold  that  it  contains.  Mr  rium. 
Muller  of  Reichenftein  examined  it  in  1782,  and  fufpec- 
ted  that  it  contained  a new  metal ; and  Bergman,  to 
whom  he  had  fent  fome  of  the  ore,  w^as  of  the  fame  opi- 
nion : but  the  quantity  of  the  mineral  which  thefe  che- 
mifts  had  examined  was  too  inconfiderable  to  enable 
them  to  decide  wfith  certainty.  Klaproth  analyfed  a 
larger  quantity  of  it  about  the  year  1797,  and  found 
that  1000  parts  of  it  confifted  of  72  parts  of  iron, 

2,5  of  gold,  and  925,5  of  a new  metal,  to  which  he 
has  given  the  name  of  tellurium  (n). 

Tellurium  is  of  a white  colour  like  tin,  approaching  its  proper- 
fomewhat  to  the  grey  colour  of  lead.*  ties. 

It  is  very  brittle  and  friable.  Its  fracture  is  lami-  * Klaproth, 
nated.  Its  fpecific  gravity  is  6,1 15.  PMofophical 

It  is  as  eafily  melted  as  lead.  When  fuffered  to  cool 
quietly  and  gradually,  it  readily  affumes  a cryftallized 
furface  f . _ | Muller. 

When  heated  by  the  blowpipe  upon  charcoal,  it 
burns  with  a very  lively  flame  of  a blue  colour,  inclining 
at  the  edges  to  green.  It  is  fo  volatile  as  to  rife  entire- 
ly in  a whitifh  grey  fmoke  ; at  the  fame  time  it  exhales  a 
difagreeable  odour  like  that  of  radifhes.  This  fmoke  is 
the  <white  oxyd  of  tellurium,  which  may  be  formed  alfo 
by  dilTolving  the  metal  in  nitro-muriatic  acid,  and  pour- 
ing into  the  faturated  folution  a quantity  of  water;  a 
white  powder  precipitates,  which  is  the  oxyd  J.  ^ Klaproth. 

When  this  oxyd  is  heated  for  fome  time  in  a retort.  It 
melts,  and  appears,  after  cooling,  of  a yellow  ftraw  co- 
lour, having  acquired  a fort  of  radiated  texture.  When 

Q^q  2 formed 


(l)  Blende  is  the  name  given  to  ores  of  zinc. 

(m)  From  Uranus  (ovpavoc),  the  name  given  by  Mr  Bode  to  the  new  planet  difeovered  by  Herfchel ; which 
name  the  German  aftronomers  have  adopted.  Mr  Klaproth  called  the  metal  at  firll  uranite  ; but  he  afterwards 
changed  that  name  for  uranium. 

(n)  Mr  Kirwan,  in  the  new  edition  of  his  Mineralogy,  which  was  publilhed  before  Mr  Klaproth’s  experi- 
ments w'ere  known,  gives  this  metal  the  name  of  Tellurium  exifts  in  feveral  other  mines  in  the  fame 

mouHtains. 
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Tellurium,  formed  into  a pade  with  any  fat  oil,  and  diftilled  in  a 
red  heat,  brilliant  metallic  drops  are  obferved  to  cover 
the  upper  part  of  the  retort,  which  at  intervals  fall  to 
the  bottom  of  the  veffel,  and  are  immediately  replaced 
by  others.  After  cooling,  metallic  fixed  drops  are 
found  adhering  to  the  Tides  and  at  the  bottom  of  the 
veffel;  the  remainder  of  the  metal  is  reduced.  Its  fur- 
face  is  brilliant  and  almoft  always  cryfiallized.  When 
this  oxyd  is  expofed  to  heat  on  charcoal,  it  is  reduced 
* Klaproih.  with  a rapidity  that  refembles  detonation.* 

Tellurium  combines  with  fulphur.  The  fulphuret  of 
this  metal  is  of  a grey  colour  and  radiated  ftrudure. 


When  placed  on  red  hot  charcoal,  the  metal  burns  as  Tellurh 
well  as  the  fulphur  with  a blue  flame. 

Tellurium  amalgamates  with  mercury  by  Ample  tri- 
turationf . — The  other  properties  of  this  metal  are  un-  § Mulh 
knowm. 

A NEW  metal  has  lately  been  difcovered  by  Vauquelin  Chromi 
in  the  red  lead  ore  of  Siberia,  It  is  grey,  very  hard, 
brittle,  and  eafily  cryftallizes  in  fmall  needlesf.  He  t 
has  given  it  the  name  of  chromum  (o).  Journal. 

We  have  now  defcribed  all  the  metals  at  prefent  ’ 
known.  The  following  table  will  exhibit  in  one  view 
their  principal  properties. 
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Metals. 

Colour. 

tiard- 
nefs.  , 

. 1 

Specific  I 
Gravity.! 

Fufing 

Point. 

Mallea- 

bility. 

Dudlility 

I9J 
Genera 
table  of 
propert 
of  the  1 
tals. 

1 

i 

Gold. 

Yellow. 

6 

19,300 

32  W.  (p) 
1298  F. 

282000 

500 

Silver. 

White. 

64: 

10,510 

28  W. 
1044 

160000 

270 

Platinum. 

White. 

74- 

23,000 

150  W.? 

above 

500 

Mercury. 

White. 

13,568 

—39  F. 

Copper. 

Red. 

8 

0 

00 

00 

27  W. 
1449  F. 

299t 

Iron. 

Blue -grey. 

9 

7,7«8 

150  W. 
20577  F. 

450 

Magnetic. 

Tin. 

White. 

6 

1,299 

410  F. 

2000 

49 

Lead. 

Blue-white. 

5 

1L352 

540  F. 

295 

Zinc. 

White. 

6 

7,190 

700  F. 

0 

Antimony. 

Grey. 

64 

6,860 

700  F. 

0 

0 

Bifmuth. 

Yellow-white. 

6 

9,822 

460  F. 

1 

0 

0 

Arfenic. 

White. 

7 

8,310 

0 

0 

0 

0 

Cobalt. 

White. 

8 

8,150 

130  W. 
17977  F, 

Magnetic. 

Nickel. 

White. 

8 

9,000 

150  W. 
20577  F. 

Magnetic. 

Manganefe. 

White. 

8 

7,000 

150  W. 
20577  F. 

0 

0 

Magnetic. 

Tungften. 

Brown. 

6 

17,600 

0 

0 

Molybdenum. 

Grey. 

7,500 

0 

0 

Uranium. 

Grey. 

6 

6,440 

Titanium. 

Red. 

9 

4,180 

0 

0 

Tellurium. 

White. 

6,115 

540  F. 

0 

0 

(Chromum.  | Grey. 

0 

0 

(o)  From  becaufe  it  poffeffes  the  property  of  giving  colour  to  other  bodies  in  a remarkable  degree. 

(p)  W.  Wedge  wood’s  pyrometer.  F.  Fahrenlieit’s  thermometer.  We 
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Lemarks 
■n  metallic 
liyds. 


’ Ann.  de 
Zhim.  xxiii. 

55.-M- 

bilfons 
Journ.  i. 
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We  have  feen  that  all  the  metals  are  capable  of  com- 
bining with  oxygen ; that  almoft  every  one  forms  va- 
rious oxyds,  containing  different  quantities  of  oxygen, 
and  varying  in  colour  and  other  properties  according  to 
the  proportion  of  oxygen  which  they  contain.  No  part 
of  chennftry  has  more  engaged  the  attention  of  philo- 
fophers  than  the  metallic  oxyds ; and  yet  fuch  is  the 
difficulty  of  the  fubjed,  that  fcarcely  any  part  of  che- 
miftry  is  more  imperfectly  underllood. 

We  neither  know  how  many  oxyds  every  particular 
metal  is  capable  of  forming,  nor  the  manner  in  which 
they  are  formed  : neither  have  the  differences  between 
oxyds  of  the  fame  metallic  bafe  been  enquired  into  ; 
though  there  cannot  be  a doubt  that  they  differ,  not 
only  in  their  affinities,  but  in  many  of  their  other  pro- 
perties. The  nuhite  oxyd  of  manganefe,  for  inftance, 
combines  readily  with  acids,  but  the  black  is  incapable 
of  uniting  with  any. 

Mr  Proud,  in  a very  valuable  paper  which  he  lately 
publiflied  concerning  the  oxyds  of  iron*,  hints  that 
metals  are  only  capable  of  two  degrees  of  oxydati  n,  or, 
which  is  the  fame  thing,  that  only  two  different  oxyds 
can  be  produced  from  the  fame  metal.  We  think  he 
has  proved  this  completely  as  far  as  iron  is  concerned  ; 
and  probably  the  obfervation  holds  good  with  relped 
to  many  other  metals.  Arfenic,  copper,  tin,  molybde- 
num, and  perhaps  even  mercury,  feem  to  be  capable  of 
only  two  degrees  of  oxydation  ; but  it  would  require  a 
very  numerous  and^accurate  fet  of  experiments  to  be 
able  to  determine  the  matter,  or  even  to  form  a pro- 
bable, conjed ure.  Analogy  is  certainly  againfl.  the  fup- 
pofition ; for  it  has  been  demonltrated  that  fome  fub- 
ftances  at  lead  are  capable  of  combining  with  three  dif- 
ferent dofes  of  oxygen  (q_),  and  why  may  not  this  be 
the  cafe  alfo  with  the  metals  ? ( 1 1 ). 

There  is  one  obfervation,  however,  which  we  ovre  to 
Mr  Proud,  the  truth  of  which  cannot  be  doubted,  and 
which  is  certainly  of  the  highell  importance — that  me- 
tals are  not  capable  of  indefinite  degrees  of  oxydation, 
but  only  of  a certain  number ; and  that  every  particular 
oxyd  confifts  of  a determfinate  quantity  of  the  metal 
and  of  oxygen  chemically  combined.  Iron,  for  inftance, 
is  not  capable,  as  has  been  fuppoi'ed,  of  uniting  with 
oxvgen  in  all  the  intermediate  degrees  between  -j—  and 
and  confequently  of  forming  20  or  30  different 
oxyds;  it  can  only  combine  with  precifely  parts, 
or  parts,  and  with  no  other  proportions  ; and  there- 
fore is  only  capable  of  forming  two  oxyds,  the  green 
and  the  brown.  In  like  manner,  every  other  metal  com- 
bines with  certain  proportions  of  oxygen,  and  forms 
either  two  oxyds  or  more  according  to  its  nature.  To 
talk  therefore  of  oxy dating  a metal  indefinitely  is  not 
accurate,  except  it  be  intended  to  fignify  the  combin- 
ing of  part  of  it  with  oxygen,  while  the  reft;  remains  in 
its  natural  ftate.  If  iron  be  oxydated  at  all,  it  mufi  be 
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combined  with  of  oxygen  j if  it  be  oxydated  more  Tellurium* 


than  this,  it  muft  be  combined  with  of  oxygen. 

We  beg  leave  to  add  another  obfervation,  which  we 
confider  as  of  no  lefs  importance,  and  which  will  ferve 
in  fome  rneafure  to  modify  and  explain  what  has  been 
juft  now  faid.  Oxygen  is  capable  of  uniting  with  me- 
tals, or  with  any  other  fubftance  for  W'hich  it  has  an 
affinity,  only  in  determinate  proportion.  Iron,  for  in- 
ftance, and  oxygen  can  only  conabine  in  the  proportion 
of  73  parts  of  iron  and  27  of  oxygen.  Thefe  two  quan- 
tities faturate  each  other,  and  form  a compound  which 
is  incapable  of  receiving  into  it  any  more  oxygen  or 
iron  : this  compound  is  the  green  oxyd  of  iron.  Hi;w 
comes  it  then,  it  will  be  afked,  that  there  is  another 
oxyd  of  iron,  the  brown  oxyd,  which  contains  52  parts 
of  iron  and  48  of  oxygen,  proportions  certainly  very 
different  from  73  and  27  ? We  ani'wer,  there  is  an  aff 
finity  between  the  green  oxyd  of  iron  and  oxygen  ; they 
are  capable  of  combining  together,  and  of  faturating 
each  other  in  the  proportion  of  about  71,5  parts  of 
green  oxyd  and  28,5  of  oxygen  ; and  the  compound 
which  they  form  is  the  brown  oxyd,  which  of  courfe 
contains  52  parts  of  iron  and  48  of  oxygen  : But  then 
it  is  not  formed  by  the  combination  of  thefe  two  fub- 
fiances  diredUy,  but  by  the  combination  of  the  green 
oxyd  and  oxygen.  In  like  manner,  the  arfenic  acid  is 
not  compofed  of  arfenic  and  oxygen  combined  directly, 
but  of  white  oxyd  of  arfenic  combined  with  oxygen. 
The  very  fame  thing  takes  place  in  all  the  other  metals. 
We  cannot  at  prefent  prove  the  truth  of  this  obferva- 
tion  in  a fatisfadory  manner,  becaufe  it  would  be  ne- 
ceffary  to  draw  our  proofs  from  combinations  which  are 
yet  undefcnbed  ; but  we  will  have  occafion  to  confider 
it  afterwards  (12). 

We  have  feen,  that  all  the  metals  hitherto  tried  are 
capable  of  combining  with  fulphur,  except  gold  and 
titanium  ; that  all  of  them  on  which  the  experiments 
have  been  made  can  be  united  with  phofphorus  ; and 
that  three  of  them,  iron,  zinc,  and  manganefe,  united 
with  carbon  ; and  perhaps  many  more  of  them  may 
hereafter  be  found  capable  of  afluming  the  form  of  car- 
burets. 

We  have  feen,  too,  that  they  are  capable  of  uniting 
with  one  another  and  forming  alloys.  This  was  long  rec- 
koned peculiar  to  metals,  and  it  is  at  prefent  one  of  the 
beft  criterions  for  determining  the  metallic  nature  of 
any  fubftance.  Much  is  wanting  to  render  the  che- 
miftry  of  alloys  complete.  Many  of  them  have  never 
been  examined  ; and  the  proportions  of  almoft  all  of 
them  are  unknown.  Neither  has  any  accurate  method 
been  yet  difcovered  of  determining  the  affinities  of  me- 
tals for  each  other.  The  order  of  affinities  which  we 
have  given  for  each  metal  was  determined  by  Bergman 
but  he  acknowledged  himfelf  that  he  wanted  the  pro- 
per data  to  enfure  accuracy. 

Chap. 


. <• 


( Qw)  We  fhall  fee  afterwards  that  azot  is  one  of  thefe. 

(11)  When  we  oxyd  any  metal  in  a /sou  emperaiure,  it  goes  regularly  on,  combining  with  frefli  portions  of 

oxygen  until  it  is  faturated.  How  can  we  make  this  fa6l  accord  with  the  theory  of  each  of  the  metals  being 
capable  of  exifting  in  but  two  degrees  ot  oxydation  ? Will  it  be  fufficient  to  fay  that  the  frefli  portions  of  oxy- 
gen unite  to  freffi  portions  of  the  metal  ? Or  would  this  account  for  the  various  colours  fome  metals  affume 
in  the  courfe  of  oxydation?  T.  P.  S. 

(12)  As  this  fanciful  theory  is  founded  on  dedufficns  from  “combinations  which  are  yet  iindefcribed,”  vee. 

lhall  wait  till  we  meet  with  them  before  we  enter  on  its  examination.  T.  P.  S. 


Lime. 
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Chap.  IV.  0/*Earths. 


The  word  earth.  In  common  language,  has  two  mean- 
ings ; it  fometimes  fignifies  the  globe  which  w^e  inhabit, 
and  fometimes  the  mould  on  which  vegetables  grow. 
Chemifts  have  examined  this  mould,  and  have  found 
that  it  confiRs  of  a variety  of  fuhftances  mixed  together 
without  order  or  regularity.  The  greateft  part  of  it, 
however,  as  well  as  of  the  ftones,  w^hich  form  apparently 
fo  large  a proportion  of  the  globe,  confiRs  of  a fmall 
number  of  bodies,  which  have  a variety  of  common  pro- 
perties. Thefe  bodies  chemifts  have  agreed  to  clafs  to- 
gether, and  to  denominate  earths. 

Every  body  which  poirelfes  the  following  properties 
154  is  an  earth  : 

Properties  I.  Infoluble  in  water,  or  nearly  fo  ; or  at  leaft  be- 
•f  earths,  coming  infoluble  w'hen  combined  with  carbonic  acid. 

2.  Little  or  no  tafte  or  fmell ; at  leaft  when  com- 
bined with  carbonic  acid. 

3.  Incombuftible,  and  Incapable  W’hile  pure  of  being 
altered  by  the  fire. 

4.  A fpecific  gravity  rot  exceeding  4,9. 

5.  When  pure,  capable  of  aifuming  the  form  of  a 
white  powder. 

The  earths  at  prefent  known  amount  to  eight ; the 
names  of  w'hich  are,  lime,  inagnefia,  barytes,  ftrontites, 
alumina,  filica,  jargonia,  glucina. 

Every  one  of  the  above  charaifterlftics  Is  not  perhaps 
rigoroully  applicable  to  each  of  thefe  bodies  ; but  all  of 
them  poiTefs  a fufficient  number  of  common  properties 
to  render  it  ufeful  to  arrange  them  under  one  clafs. 

Sect.  I.  Of  Lime. 


Lime  has  been  known  from  the  earlieft  ages.  The 
ancients  employed  it  in  medicine  : it  was  the  chief  in- 
gredient in  their  mortar  ; and  they  ufed  it  as  a manure 
195  to  fertilize  iheir  fields. 

Method  of  It  abounds  in  many  parts  of  the  world,  or  perhaps 
procuring  ftiould  rather  fay,  that  there  is  no  part  of  the  vcorld 
where  it  does  not  exilt.  It  is  found  pureft  in  lime- 
ftones,  and  marbles  and  chalk.  None  of  thefe  fubftan- 
ces,  however,  is,  ftridtly  fpeaking,  lime ; but  they  are 
all  capable  of  becoming  lime  by  a well-known  procefs, 
by  keeping  them  for  fome  time  in  a white  heat : this  pro- 
cefs is  called  the  burning  of  lime;  the  product  is  denominat- 
ing ed  quicklime.  This  laft  fub.ftance  is  what  we  call  lime. 
Properties  Pure  lime  is  of  a white  colour,  moderately  hard,  but 
of  lime.  eafily  reduced  to  a powder. 

It  has  a hot  burning  tafte,  and  in  fome  meafure  cor- 
rodes and  deftroys  the  texture  of  thofe  animal  bodies  to 
which  it  is  applied.  It  has  no  fmell.  Its  fpecific  gra- 
* Kir-wan  s vity  is  2,3*- 

Miner.  i.  5.  If  water  be  poured  on  newly  burnt  lime,  it  fw'ells 
and  falls  to  pieces,  and  is  foon  reduced  to  a very  fine 
powder.  In  the  mean  time,  fo  much  heat  is  produced, 
that  part  of  the  water  flies  off  in  vapour.  If  the  quan- 
tity of  lime  flacked  (as  this  procefs  is  termed)  be  great, 
the  heat  produced  is  fufficient  to  fet  fire  to  combuftibles. 
In  this  manner,  veffels  loaded  with  lime  have  fometimes 
been  burnt.  When  great  quantities  of  lime  are  flacked 
in  a dark  place,  not  only  heat,  but  light  alfo  is  emitted, 
II  Jour,  de  as  Mr  Pelletier  has  obferved  When  flacked  lime  is 
I^hyf.  t.  22.  weighed,  it  Is  found  to  be  heavier  than  it  was  before. 

This  additional  weight  is  owing  to  the  combination  of 
part  of  the  water  with  the  lime ; which  water  may  be 
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feparated  again  by  the  application  of  a red  heat ; and  Lime, 
by  this  procefs  the  lime  becomes  juft  what  it  was  be- 
fore  being  flacked  |] . H 

Six  hundred  parts  of  water,  at  the  temperature  of  . ^97 
6o°,  diffolve  about  one  part  of  lime  ; boiling  hot  water  I 

diffolves  about  double  that  quantity*.  This  folution  * 
is  called  lime-'water.  It  is  limpid,  has  an  acrid  tafte,  Mhur.l 
and  changes  vegetable  blue  colours  to  green.  One 
ounce  troy  of  lime-v.?ater  contains  about  one  grain  of 
lime. 

One  thoufand  parts  of  lime  are  capable  of  abforbing, 
and  retaining,  at  a heat  of  600®,  228  parts  of  water^.  § Lavofi 
Lime  has  never  yet  been  obtained  in  the  ftate  of 
cryftals. 

It  is  incapable  of  being  fufed  by  the  moft  violent 
heat  that  can  be  produced  in  furnaces,  or  even  by  the 
moft  powerful  burning  glaffes. 

Lime  unites  readily  with  fulphur,  and  forms  fuJphuret  Sulpburet  j 
of  lime.  This  compound  may  be  obtained  by  mixing 
unflacked  lime  and  flowers  of  fulphur  together,  and 
adding  a little  water.  The  heat  produced  by  the  flack- 
ing of  the  lime  is  fufficient  to  make  the  fulphur  and 
the  lime  unite.  This  fulphuret  is  of  a red  colour. 

When  water  is  poured  on  it,  fulphurated  hydrogen  gas 
is  emitted.  The  fulphur  is  gradually  converted  into 
fulphuric  acid  by  uniting  with  the  oxygen  of  the  water, 
the  hydrogen  of  which  flies  off  in  the  fornfi  of  gas,  diflblv- 
ing  at  the  fame  time  a part  of  the  fulphur.  199 

It  is  capable  alfo  of  combining  with  phofphorus. — Phofphure| 
The  phofphuret  of  lime  decompofes  water  by  the  affift- 
ance  of  a moderate  heat,  and  gives  out  phofphurated 
hydrogen  gas.  200 

Limeftone  and  chalk,  though  they  are  capable  of  be-  Caufe  of 
ing  converted  into  lime  by  burning,  poflels  hardly  any 
of  the  properties  of  that  adive  fubftance.  They  are 
taftelefs,  fcarcely  foluble  in  water,  and  do  not  percep-  and 
tibly  ad  on  animal  bodies.  Now,  to  what  are  the  new  lime, 
properties  of  lime  owing  ? What  alteration  does  it  un- 


dergo in  the  fire  ? 


It  had  been  long  known,  that  limeftone  lofes  a good 
deal  of  weight  by  being  burned  or  calcined.  It  w’as  na- 
tural to  fuppofe,  therefore,  that  fomething  was  fepara- 
ted from  it  during  calcination.  Accordingly,  Van  Hel- 
mont,  Ludovicus,  and  Macquer,  made  experiments  in 
fucceffion,  in  order  to  difeover  what  that  fomething  w'as  ; 
and  they  concluded  from  them  that  it  was  pure  water, 
which  the  lime  recovered  again  when  expofed  to  the 
atmofphere.  As  the  new  properties  of  lime  could 
hardly  be  afenbed  to  this  lofs,  but  to  fome  other  caufe,  According! 
Stahl’s  opinion,  like  all  the  other  chemical  theories  of  Stahl; 
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that  w'onderful  man,  was  generally  acceded  to.  He 


fuppofed  that  the  new  properties,  which  lime  acquired 
by  calcination,  were  owing  entirely  to  the  more  minute 
divifion  of  its  particles  by  the  adilon  of  the  fire.  Boyle 
indeed  had  endeavoured  to  prove,  that  thefe  properties 
were  owing  to  the  f nation  of  fire  in  the  lime  ; a theory 
which  was  embraced  by  Newton  and  illuftrated  by 
Hales,  and  which  Meyer  new  modelled,  and  explained 
with  fo  much  ingenuity  and  acutenefs  as  to  draw  the 


attention  of  the  rnoft  diftinguifbed  chemifts.  But  while 


Meyer  was  thus  employed  in  Germany,  Dr  Black  of 
Edinburg  publifhed  thofe  celebrated  experiments  which 
form  fo  brilliant  an  era  in  the  hiftory  of  chemiftry. 

He  firft  afeertained  that  the  quantity  of  water  fepa-  Explained 
rated  from  limeftone  during  its  calcination  was  not  near-  byDrBlack 

ly 
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ly  equal  to  the  weight  which  it  loft.  He  concluded  in 
confequence,  that  it  muft  have  loft  fomething  elfe  than 
mere  water.  What  this  could  be,  he  was  at  firft  at  a 
lofs  to  conceive  ; but  recollefting  that  Dr  Hales  had 
proved,  that  limeftone,  during  its  folution  in  acids, 
emitted  a great  quantity  of  air,  he  conjedlured  that  iiis 
might  probably  be  what  it  loft  during  calcination.  He 
calcined  it  accordingly,  and  applied  a pneumatic  appa- 
ratus to  receive  the  produift.  He  found  his  conjecture 
veriSed ; and  that  the  air  and  the  ’ivater  W’hich  fepara- 
ted  from  the  lime,  were  together  precifely  equal  to  the 
lofs  of  weight  which  it  had  fuftained.  Lime  therefore 
owes  its  new  properties  to  the  lofs  of  air  ; and  limeftone 
differs  from  lime  merely  in  being  combined  with  a cer- 
tain quantity  of  air : for  he  found  that,  by  reftoring 
again  the  fame  quantity  of  air  to  lime,  it  was  converted 
into  limeftone.  This  air,  becaufe  it  exifted  in  lime  in  a 
fixed  ftate,  he  called  ^xed  air.  It  was  afterwards  ex- 
amined by  Dr  Prieftley  and  other  philofophers,  found 
to  poffefs  peculiar  properties,  and  to  be  that  fpecies  of 
gas  now  known  by  the  name  of  carbonic  acid  gas.  Lime 
then  is  a fimple  fubftance,  that  is  to  fay,  it  has  never 
yet  been  decompounded  ; and  limeftone  is  compofed  of 
carbonic  acid  and  linje.  Pleat  feparates  the  carbonic 
acid,  and  leaves  the  lime  in  a ftate  of  parity. 

The  affinities  of  lime,  according  to  Bergman,  are  as 
follows : 

Oxalic  acid. 

Suberic  (r)  ? 

Sulphuric, 

Tartarous, 

Succinic, 

Phofphoric, 

Saccholadtic, 

Nitric, 

Muriatic, 

Sebacic, 

Fluoric, 

Arfenic, 

Formic, 

Ladic, 

Citric, 

Benzoic, 

Sulphurous, 

Acetous, 

. , , , . Boracic, 

Nitrous, 

Carbonic, 

Pruffic, 

Sulphur, 

Phofphorus, 

Water, 

Fixed  oil. 

Sect.  II.  0/  Magnejia. 

About  the  beginning  of  the  eighteenth  century,  a 
Roman  canon  expofed  a white  powder  to  fale  at  Rome 
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as  a cure  fer  all  difeafes.  This  powder  he  called  mag-  Magnefia. 
nefia  alba.  He  kept  the  manner  of  preparing  it  a pro- 
found  fecret  ; but  in  1707  Valentini  informed  the  pub- 
lic that  it  might  be  obtained  by  calcining  the  lixivium 
which  remains  after  the  preparation  of  nitre  ; and  two 
years  after,  Slevogt  difcovered  that  it  might  be  preci- 
pitated by  potafs  from  the  mother  ley  (s)  of  common 
fait.  This  powder  was  generally  fuppofed  to  be  limey, 
till  Frederic  Hoffman  oblerved  that  it  formed  very  dif- 
ferent combinations  with  other  bodies.*  But  little  * Bergman^ 
was  known  concerning  its  nature  till  Dr  Black  publifti- 
ed  his  celebrated  experiments  in  1755.  Margraf  pub- 
lifhed  a differtation  on  it  in  1759,  and  Bergman  another 
in  1775,  in  which  he  colleded  the  obfervations  of  thefe 
two  philofophers,  and  which  he  enriched  alfo  with  ma- 
ny additions  of  his  own.  , 105 

As  magnefia  has  never  yet  been  found  native  in  a Method  of 
ftate  of  purity,  it  may  be  prepared  in  the  following  procuring 
manner  : Sulphat  of  magnefa,  a fait  compofed  of  this 
earth  and  fulphuric  acid,  exifls  in  fea  water,  and  in 
many  fprings,  particularly  feme  about  Epfom,  from, 
which  circumftance  it  was  formerly  called  Epfom  fait. 

This  fait  is  to  be  dilfolved  in  water,  and  half  its  weight 
of  potafs  added.  The  magnefia  is  immediately  preci- 
pitated, becaufe  potafs  has  a ftronger  affinity  for  ful- 
phuric acid.  It  is  then  to  be  w'alhed  with,  a fufficient 
quantity  of  water,  and  dried. 

Magnefia  thus  obtained  is  a very  foft  white  powder.  Its  proper-, 
which  h.as  very  little  tafte,  and  is  totally  deftitute  of  des. 
fmell. — Its  fpecific  gravity  is  about  2,3  § Kir-wan  s 

It  is  foluble  in  about  7900  times  its  own  weight  of  Miner,  i.  8., 
water  at  the  temperature  of  60°  1|.  |[  73, v.. 

Even  w'hen  combined  with  carbonic  acid  (forwhicL 
it  has  a ftrong  affinity)  it  is  capable  of  abforbing  and 
retaining  li  times  its  own  weight  of  water,,  without  let- 
ting  go  a drop  ; but  on  expofure  to  the  air,  this  water 
evaporates,  though  more  flowly  than  it  would  from 
lime. 

Magnefia  has  never  yet  been  obtained  in  a cryftal- 
llzed  form.. 

It  tinges  vegetable  blues  of  an  exceedingly  flight 
green. 

It  is  not  melted  by  the  ftrongeft  heat  which  it  has 
been  poflible  to  apply  ; but  Mr  D’ Arcet  obferved  that, 
in  a very  high  temperature,  it  became  fomewhat  ag- 
glutinated. 

When  magnefia  and  fulphur  are  put  into  a veffel  of 
water,  and  kept  for  fome  time  expofed  to  a moderate 
heat,  they  combine,  and  form  fulphuret  of  magnefia ; 
which,  according  to  Fourcroy,  is  capable  of  cryftal- 
lizing.  207 

The  phofphuret  of  magnefia  has  never  been  ex-  Effedt  of 
amined.. 

Equal  parts  of  lime  and  magnefia  mixed  together,  ”’**‘uref 


igncfia. 


and  expofed  by  Lavoifier  to  a very  violent  heat,  did  not 
melt ; neither  did  they  melt  when  Mr  Kirwan  placed 
them  in  the  temperature  of  150°  Wedgewood. — ^The 

following 


(r)  The  affinity  of  this  acid  for  lime  is  inferior  to  the  oxalic,  which  decompofes  the  fuberat  of  lime,  fa- 
mefon’t  Mineral,  of  Shetland  and  Arran,  p.  168. 

(s)  fhe  mother  ley  is  the  liquid  that  remains  after  as  much  as  poflible  of  any  fait  has  been  obtained  from 
it.  Common  fait,  for  inftance,  is  obtained  by  evaporating  fea  water.  After  as  much  fait  has  been  extrafted 
from  a quantity  of  fea  water  as  will  cryftallize,  there  is  ftill  a portion  of  liquid  remaining..  This  portion  is  th& 
mother  ley. 
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Magnefia.  following  table,  drawn  up  by  Mr  Kirwan  from  his  ow'n 
experiments,  fliews  the  effect  of  heat  on  thefe  two  earths 
mixed  together  in  different  proportions, 


ao8 

Affinities  of 
magnefia. 


Proportions.'  Heat. 

Effcd. 

80  Lime 
20  Mag. 

ji5o®  Wedg. 

Went  through  the  crucible. 

75  Lime 
25  Mag. 

160 

Went  through  the  crucible. 

66  Lime 
33  ^ag. 

Went  through  the  crucible. 

20  Lime 
80  Mag. 

165 

Did  not  melt. 

33  Lime 
66  Mag. 

138 

Did  not  melt. 

30  Lime 
10  Mag. 

156 

Melted  into  a fine  greenifti 
yellow  glafs  ; but  the  crucible 
was  corroded  throughout. 

The  affinities  of  magnefia,  according  to  Bergman, 
are  as  follows : 

' Oxalic  acid, 

Phofphoric, 

Sulphuric, 

Fluoric, 

Sebacic, 

Arfenic, 

Saccholadtic, 

Succinic, 

Nitric, 

Muriatic, 

Tartarous, 

Citric, 

Formic, 

Laftic, 

Benzoic, 

Acetous, 

Boracic, 

Sulphurous, 

Nitrous, 

Carbonic, 

Pruffic, 

Sulphur, 

Phofphorus  ? 

Water. 

Sect.  ITI.  Of  Barytes. 

DifcovLy  ^ VERY  heavy  mineral  is  found  in  Sweden,  Germa- 
of  barytes,  ny,  and  Britain,  which  Margraf  confidered  as  a com- 
pound of  fulphuric  acid  and  lime.  But  Scheele  and 
Gahn  analyfed  it  in  1774,  found  that  it  confided 
of  fulphuric  acid  combined  with  a peculiar  fpecies  of 
earth.  This  analyfis  was  foon  after  confirmed  and  ex- 


tended by  Bergman.  The  earth  \vas  at  firft  called  Barytes 
terra  psnderoja,  heavy  earthy  on  account  of  the  great  fpe- 
cific  gravity  of  the  fubdance  from  which  it  was  ob- 
tained. Morveau  called  it  {from.  heavy ) ^ 

which  Bergman  changed  into  barytes ; and  this  lad 
term  is  now  uaiverfally  adopted. 

Barytes  is  generally  found  combined  either  with  ful-  Method 
phuric  or  carbonic  acid.  From  the  fird  of  thefe  com-  obtaininj 
pounds,  which  is  by  far  the  mod  common,  it  may  bS  **•* 
obtained  by  the  following  procefs ; 

Reduce  the  mineral  to  a powder,  and  mix  it  with 
24,  its  weight  of  carbonat  of  foda  (t),  previoufly  de- 
prived of  all  its  water.  Expofe  the  mixture  to  a red  ; 

heat  for  an  hour  and  a half,  avoiding  fufion,  and  a doa- 
ble decompofition  takes  place  ; the  fulphuric  acid  unites 
with  the  foda,  while  the  carbonic  acid  combines  with 
the  barytes.  Wafh  it  in  a fufficient  quantity  of  water  ' 

to  diffolve  the  compound  of  fulphuric  acid  and  foda,  ! 

the  carbonat  of  barytes,  which  is  almod  infoluble,  re-  i 

mains  behind.  Led  it  fhould  be  mixed  with  fame  I 

other  earths,  which  is  generally  the  cafe,  boil  it  for  ; 

three  hours  in  ten  times  its  weight  of  didilled  vinegar, 
the  fpecific  gravity  of  which  is  1,033  > ^7  which  the 
barytes  will  be  diffolved,  and  likewife  the  lime  and  mag- 
nefia, if  there  happen  to  be  any  ; but  every  other  earth  i 

(u)  remains  untouched.  Pour  off  the  folution,  and  1 

add  to  it  fulphuric  acid  as  long  as  any  precipitate  is  ! 

formed.  This  precipitate  confids  of  the  whole  barytes 
and  the  lime  (if  there  be  any)  combined  with  fulphuric  | 

acid.  Wafh  it  in  50  times  its  weight  of  water,  and  all 
the  lime  will  be  diffolved.  There  will  now  remain  no-  ' 

thing  but  barytes  combined  with  fulphuric  acid,  which  ' 

may  be  decompofed  as  before  by  carbonat  of  foda^.  ^Afsviey'^ 
The  carbonic  acid  may  then  be  feparated  by  applying  Ann.  de  - 
a very  violent  heat  f ; or,  what  is  better,  nitric  acid 
may  be  poured  upon  it,  which  will  feparate  the  carbo-  .!} 

nic  acid  and  combine  with  the  barytes ; and  then  the  ^ 
nitric  acid  may  be  driven  off  by  a moderate  heat  §.  § Fourcr 

Barytes  thus  obtained  is  a light  fpongy,  porous,  bo-  andr^zi/,- 
dy,  which  may  be  very  eafily  reduced  to  powder.  It*'”)  Annt 
has  a harfh  and  more  cauftic  tafte  than  lime;  and  ^ J 
when  taken  into  the  ftomach,  proves  a moft  violent  * 

poifon.  Tt  has  no  perceptible  fmell. 

Its  fpecific  gravity  has  not  yet  been  afcertained.  ties.  t 

It  imbibes  water  with  a hiffing  noife,  but,  according 
to  Dr  Hope,  without  fwelling  or  fplitting  as  lime 
does  II . However,  when  expoled  to  the  air,  as  Four-  ||  Edm.i  I 
croy  and  Vauquelin  inform  us,  it  efflorefces,  cracks,  "IranJ.v.' 
burfts,  fwells  up,  heats  and  becomes  white,  by  abforb- 
ing  moifture  f § Ann, 

Cold  water  diffolves  about  part  of  its  weight  of 
barytes,  and  boiling  water  more  than  half  its  weight.  ^ 

As  the  water  cools,  the  barytes  is  depofited  in  cryftals, ; 
the  ffiape  of  which  varies  according  to  the  rapidity  with 
which  they  have  been  formed.  'When  moft  regular, 
they  are  flat  hexagonal  prifms,  having  two  broad  fides, 
with  two  intervening  narrow  ones,  and  terminated  at 
each  end  by  a four-fided  pyramid,  which  in  fome  in- 
ftances  conftitutes  the  larger  part  of  the  cryftal.  When 
formed  flowly,  they  are  diftind:  and  large  ; but  when 

the 


and 

'on  s ^o\ 


(t)  Soda  is  an  alkali  ; which  lhall  be  afterwards  defcribed.  Carbonat  of  foda  is  foda  combined  with  car- 
bonic acid,  the  common  ftate  in  which  it  is  obtained  ; potafs  might  alfo  be  ufed. 

(u)  Except  ftrontites,  which  Pelletier  has  deteded  in  this  mineral. 
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the  water  is  faturated  with  barytes,  they  are  depofited 
rapidly,  and  are  generally  more  flender  and  delicate. 
Then,  too,  they  are  attached  to  one  another  in  fach  a 
manner  as  to  affiime  a beautiful  foliacious  appearance, 
not  unlike  the  leaf  of  a fern 

Thefe  cryftals  are  tranfparent  and  colourlefs,  and  ap- 
pear to  be  compofed  of  about  53  parts  of  water  and  47 
of  barytes.  When  expofed  to  the  heat  of  boiling  wa- 
ter, they  undergo  the  njjatery  fufion,  or,  which  is  the 
fame  thing,  they  melt  without  lofing  any  of  the  water 
vdiich  they  contain.  A ftronger  heat  makes  the  water 
fly  off.  When  expofed  to  the  air,  they  attraft  carbo- 
nic acid,  and  crumble  into  duft.  They  are  foluble  in 
I74rpaits  of  water  at  the  temperature  of  60°;  but 
boiling  water  diifolves  any  quantity  whatever  : therea- 
fon  of  which  is  evident;  at  that  temperature  their  own 
water  of  cryftallization  is  fufficient  to  keep  them  in  fe- 
lution^. 

Water  faturated  with  barytes  is  called  barytie  ’wafer. 
It  has  the  property  of  converting  vegetable  blues  to  a 
green. 

When  barytes  is  expofed  to  the  blow-pipe  on  a piece 
of  charcoal,  it  fufes,  bubbles  up,  and  runs  into  globules, 
which  quickly  penetrate  the  charcoalj.  This  is  pro- 
bably in  confequence  of  containing  water ; for  Lavoifier 
found  barytes  not  affedted  by  the  ftrongeft  heat  which 
he  could  produce. 

Barytes  combines  readily  with  fulphur.  The  eafieft 
way  of  forming  fulphuret  of  barytes  is  to  mix  eight 
parts  of  fulphuret  of  barytes  with  one  par:  of  pounded 
charcoal,  and  to  apply  a ftrong  heat.  The  charcoal 
combines  with  the  oxygen  of  the  fulphuric  acid,  and 
the  compound  flies  off  in  the  form  of  carbonic  acid  gas. 
There  remains  behind  fulphur  combined  with  barytes. 
Sulphuret  of  barytes  is  foluble  in  water  : It  is  of  a yel- 
low colour.  It  is  capable  of  cryftallizing  ; and  then 
alTumes  a yellowilh  white  colourj|. 

The  phofphuret  of  barytes  has  not  been  examined. 

No  mixture  of  barytes  and  lime,  nor  of  barytes  and 
magnefia  is  fufible  in  the  ftrongeft  heat  which  it  has 
been  poffible  to  applyjJ, 

The  affinities  of  barytes,  according  to  Bergman,  are 
as  follows  ; 

Sulphuric  acid. 

Oxalic, 

Succinic, 

Fluoric, 

Phofphoric, 

Saccholaflic, 

Suberic(v)  ? 

Nitric, 

Muriatic, 

Sebacic, 

Citric, 

Tartarous,  - 
Arfenic, 

Fluoric, 

Ladlic, 

Benzoic, 

Acetous, 

Boracic, 

Sulphurous, 

Nitrous, 

SuPPL.  VoL.  I. 
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Strom'ites. 


214 


Carbonic, 

Pruffic, 

Sulphur, 

Phofphorus, 

Water, 

Fixed  oils. 

Sect.  IV.  Of  Stroniites. 

About  the  year  1787,  a m.ineral  was  brought  to  bifcovery 
Edinburgh  by  a dealer  in  foffils,  from  the  lead  mine  of  of  ftron- 
Strontian  in  Argylefliire,  where  it  is  found  imbedded  in 
the  ore,  mixed  with  feveral  other  fubftances.  It  is 
fometimes  tranfparent  and  colourlefs,  but  generally  has 
a tinge  of  yellow  or  green.  Its  hardnefs  is  5.  Its 
fpecific  gravity  varies  from  3:4  to  3,726.  Its  texture 
is  generally  fibrous ; and  fometimes  it  is  found  cryftal- 
lized  in  flender  prifmatic  columns  of  various  lengths^,  f Hope,  E- 
This  mineral  was  generally  confidered  as  a catbonat 
of  barytes  ; but  Dr  Crawford  having  obferved  fome 
differences  between  its  folution  in  muriatic  acid  and  that 
of  barytes,  mentioned  in  his  treatife  on  muriai  of  bary. 
tes,  publilhedin  1790,  that  it  probably  contained  a new 
earth,  and  fent  a fpecimen  to  Mr  Kirwan  that  he  might 
examine  its  properties.  Dr  Hope  had  alfo  fufpedled 
that  its  bafis  differed  from  barytes ; and  accordingly  he 
made  a fet  of  experiments  on  it  in  1791,  which  were 
read  to  the  Royal  Society  of  Edinburgh  in  1792. 

Thefe  experiments  fully  proved  that  it  contained  a pe- 
culiar earth.  Mr  Kirwan  likewife  analyfed  the  ftron- 
tian  mineral,  and  drew  precifely  the  fame  conclufions. 

It  has  been  analyfed  alfo  by  Mr  Klaproth  of  Beilin, 
and  Mr  Pelletier  of  Paris.  It  confifts  of  carbonic  acid 
combined  with  a peculiar  earth,  to  which  Dr  Hope  gave 
the  name  of frontites.  This  appellation  we  fliall  adopt. 

The  carbonic  acid  may  be  feparated  by  a heat  of  140“ 
Wedgewood,  and  then  the  ftrontites  remains  behind*.  * Kirivan't 
Strontites  has  been  found  in  Argylelhire  in  Scot-  Miner,  i. 
land,  near  Briftol  in  England,  and  in  Pennfylvaniaf.  It  ^32- 
has  been  found  alfo  in  France  and  in  Sicily.  It  is  of  a \ 
white  colour.  It  has  a pungent  acrid  tafte.  When  215 
pounded  in  a mortar,  the  powder  that  rifes  is  offenfive  Its  proper- 
to  the  noftrils  and  lungs:};.  It  is  not  poifonousj].  ties. 

One  hundred  and  fixty-two  parts  of  water,  at  the  J 
temperature  of  60®,  diffolve  nearly  one  part  of  it.  The 
folution  is  clear  and  tranfparent,  and  converts  vegeta^ 
ble  blues  to  a green.  Hot  water  diffolves  it  in  much 
larger  quantities  ; and  as  it  cools  the  ftrontites  is  depofit- 
ed in  colourlefs  tranfparent  cryftals.  Thefe  are  in  the 
form  of  thin  quadrangular  plates,  generally  parallelo- 
grams, the  largeft  of  which  feldom  exceeds  one-fourth 
of  an  inch  in  length.  Sometimes  their  edges  are  plain, 
but  they  oftener  confift  of  two  facets,  meeting  together 
and  forming  an  angle  like  the  roof  of  a houl'e.  Thefe 
cryftals  generally  adhere  to  each  other  in  fuch  a manner 
as  to  form  a thin  plate  of  an  inch  or  more  in  length 
and  half  an  inch  in  breadth.  Sometimes  they  affume 
a cubic  form.  They  contain  about  68  parts  in  100  of 
water.  They  are  foluble  in  51,4  parts  of  water,  at  the 
temperature  of  6o“.  Boiling  water  diffolves  nearly  half 
its  weight  of  them.  When  expofed  to  the  air,  they  lofe 
their  water,  attracft  carbonic  acid,  and  fall  into  pow- 
der*. ♦ 

When  ftrontites  is  thrown  into  water,  it  attracfts  it 
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(v)  Suberic  acid  decompofes  muriat  and  nitrat  of  barytes,  famefon’s  Mineral,  of  Shetland  and  Arran. 
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Proportioni. 

Heat. 

Effed. 

So  Silica 
20  Barytes 

155°  Wedg. 

A w'hite  brittle  mafs. 

75  Silica 
20  Barytes 

150 

A brittle  hard  roafs,  ferni- 
tranfparent  at  the  edges. 

66  Silica 
33  Barytes 

150 

Melted  into  a hard  fome- 
w'hat  porous  porcelain 
mafs. 

50  Silica 
50  Barytes 

148 

A hard  mafs  not  melted. 

20  Silica 
80  Barytes 

148 

The  edges  were  melted 
into  a pale  greenifh  mat- 
ter between  a porcelain 
and  enamel. 

25  Silica 
75  Barytes 

150 

Melted  into  a fomewhat 
porous  porcelain  mafs. 

33  Silica 
66  Barytes, 

150 

Melted  into  a yellowifh 
and  partly  greenifh  w'hite 
porous  porcelain. 

4.  The  effeifl  of  heat  on  mixtures  of  ftrontites  and 
filica  is  not  known. 

5.  It  follows  from  the  experiments  of  Achard,  that 
equal  parts  of  lime,  magnefia,  and  filica,  may  be  melted 
into  a greenifh  coloured  glafs,  hard  enough  to  ftrike 
fire  with  tteel ; that  when  the  magnefia  exceeds  either 
of  the  other  two,  the  mixture  will  not  melt ; that  when 
the  filica  exceeds,  the  mixture  feldom  melts,  only  indeed 
with  him  in  the  following  proportions ; three  filica,  two 
lime,  one  magnefia,  which  formed  a porcelain ; and 
that  when  the  lime  exceeds,  the  mixture  is  generally 
fufible.* 

The  affinities  of  filica  are  as  follows ; 

Fluoric  acid, 

Fixed  alkali. 

Sect.  VI.  Of  Alumina. 

Dissolve  alum  in  hot  water,  and  add  to  the  folu- 
tion  potafs  as  long  as  any  precipitate  is  formed.  De- 
cant off  the  fluid  part,  and  wafli  the  precipitate  in  a 
fufficient  quantity  of  water,  and  then  allow  it  to  dry. 
The  fubftance  thus  obtained  is  called  alumina.  Its  pro- 
perties were  firft  afcertained  with  accuracy  by  Mar- 
graf. 

Alumina  thus  obtained  is  a very  white  fpongy  pow- 
der, without  any  fmell  or  tafte. 

Its  fpecific  gravity  is  2, oof.  It  is  fcarcely  foluble  in 
water,  but  may  be  diffufed  through  it  with  great  faci- 
lity. 
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With  a fmall  quantity  of  water  it  forms  a very  tough 
dudile  pafte,  and  does  not  readily  mix  with  more. 

In  its  ufual  flate  of  drynefs  it  is  capable  of  abforb- 
ing  24-  times  its  weight  of  water,  without  fuffering  any 
to  drop  out.  It  retains  this  water  more  obftinately  than 
any  of  the  earths  hitherto  defcribed.  In  a freezing  cold 
it  contrads  more,  and  parts  with  more  of  its  water  than 
any  other  earth;  a circumftance  which  is  of  feme  im- 
portance in  agriculture.* 

Alumina  has  never  yet  been  obtained  in  a cryftalliz- 
ed  form.  It  has  no  effed  whatever  on  vegetable  co- 
lours. 

The  mofl;  intenfe  heat  does  not  fufe  it,  but  it  has 
the  Angular  property  of  diminiftiing  in  bulk  in  propor- 
tion to  the  intenfity  of  the  fire  to  which  it  is  expofed. 

It  becomes  at  the  fame  time  exceedingly  hard  : Mr  La- 
voifier  rendered  it  capable  of  cutting  glafs ; and  Mr 
Boyle  had  long  before  done  the  fame  thing.* 

Wedgewood  took  advantage  of  this  property  of  alu-  *“• 
mina,  and  by  means  of  it  conltruded  an  inftrument  for 
meafuring  high  degrees  of  heat.  It  confifts  of  pieces  Wedge- 
of  clay  of  a determinate  fize,  and  an  apparatus  for  mea-  wood’s 
fill  ing  their  bulk  with  accuracy  : One  of  thefe  pieces  is  thermo- 
put  into  the  fire,  and  the  temperature  is  ellimated  by  tneter. 
the  contradion  of  the  piece.  For  a more  complete  de- 
feription  of  this  important  inftrument,  w’e  refer  to  the 
article  Thermometer  in  the  Encycl. 

Alumina  is  hardly  fufcepiible  of  combining  with  ful- 
phur  or  phofphorus ; but  from  the  experiments  of  La 
Grange,  it  appears  to  have  an  affinity  for  carbon:};.  t NkhoU 

I.  The  effed  of  heat  on  various  mixtures  of  lime  and/?"'^ 
alumina  will  appear  from  the  following  table^.  Kir-’van 

i.  56. 
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Effed  of 
heat  on 
mixtures  of 
lime  and 
alumina ; 


Proportions. 

Heat. 

Effed. 

75  Lime 
25  Alumina 

150'’  Wedg. 

Not  melted. 

66  Lime 
33  Alumina 

150 

Remained  a powder. 

33  Lime 
66  Alumina 

(^) 

Melted. 

25  Lime 
75  Alumina 

(x) 

Melted. 

20  Lime 
80  Alumina 

(^) 

Melted.  1 

22? 

2.  Magnefia  and  alumina  have  no  adion  whatever  Magnefia 

on  each  other,  even  when  expofed  to  a heat  of  150°  dumi- 
Wedgewood.*  ^ "iL.i.j;. 

3.  The  effed  of  heat  on  different  mixtures  of  barytes  229 

and  alumina  will  appear  from  the  following  experiments  Barytesand 
of  Mr  Kirwanf.  aluinma; 

R r 2 Proportions,  t 


(x)  Thefe  three  experiments  were  made  by  Ehrman  : The  heat  was  produced  by  direding  a ftream  of  oxy- 
gen gas  on  burning  charcoal,  and  is  the  moft  intenfe  which  it  has  been  hitherto  poffible  to  produce. 


3^4 

Alumina. 
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Proportions. 

Heat. 

EfFesS;. 

80  Alumina 
20  Barytes 

150°  Wedg. 

Scarcely  hardened. 

75  Alumina 
25  Barytes 

156 

No  fign  of  fufion,  a 
loofe  powder. 

66  Alumina 
33  Barytes 

152 

As  the  former. 

50  Alumina 
50  Barytes 

150 

As  the  former. 

20  Alumina 
80  Barytes 

148 

Somewhat  harder, but 
no  fign  of  fufion. 

25  Alumina 
75  Barytes 

150 

Harder,  but  no  fign 
of  fufion. 

a30 

Alumina 
and  filica ; 
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Lime,  mag- 
nefia,  and 
alumina : 


4.  Nothing  is  known  concerning  the  effefl  of  heat 
on  mixtures  of  ftrontites  and  alumina. 

5.  Equal  parts  of  alumina  and  filica  harden  in  the 
temperature  of  160®  Wedgewood,  but  do  not  fufe. 
Achard  found  them  Infufible  in  all  proportions  in  a 
heat  probably  little  inferior  to  150°  Wedgewood.  Mix- 
tures of  thefe  two  earths  in  various  proportions  form 
clays^  but  thefe  are  feldom  uncontaminated  with  fome 
other  ingredients. 

' 6.  From  the  experiments  of  Achard,  it  appears  that 

no  mixture  of  lime,  magnefia,  and  alumina,  in  which  the 
lime  predominates,  is  vitrifiable,  except  they  be  nearly 
in  the  proportions  of  three  lime,  two  magnefia,  one  alu- 
mina ; that  no  mixture  in  which  magnefia  predominates 
will  melt  In  a heat  below  166°  ; that  mixtures  In  which 
the  alumina  exceeds  are  generally  fufible,  as  will  appear 
■ from  the  following  tablef  : 


3 Aluinina 
2 Lime 
I Magnefia 

A porcelain. 

3 Alumina 

1 Lime 

2 Magnefia 

A porcelain. 

3 Alumina 
I Lime 
3 Magnefia 

Porous  porcelain. 

3 Alumina 

2 Lime 

3 Magnefia 

Porous  porcelain. 

3 Alumina 
2 Lime 
2 Magnefia 

Porcelain. 

[ S T R Y. 

either  into  a glafs  or  a porcelain,  according  to  the  pro- 
portions.  The  only  infufible  proportions  were, 

Lime 
Silica 
Alumina 


That  If  the  filica  exceeds,  the  mixture  Is  frequently  fu- 
fible into  an  enamel  or  porcelain,  and  perhaps  a glafs ; 
and  that  when  the  alumina  exceeds,  a porcelain  may 
often  be  attained,  but  not  a glafs 

8.  As  to  mixtures  of  magnefia,  filica,  and  alumina, 
when  the  magnefia  exceeds,  no  fufion  takes  place  at 
1^0^.  When  the  filica  exceeds,  a porcelain  may  often 
be  attained  ; and  three  parts  filica,  two  magnefia,  and 
one  alumina,  formed  a glafs.  When  the  alumina 
exceeds,  nothing  more  than  a porcelain  can  be  pro- 
duced * 

9.  Achard  found  that  equal  parts  of  lime,  magnefia, 
filica,  and  alumina,  melted  into  a glafs.  They  fufed  al- 
fo  in  various  other  proportions,  efpecially  when  the  filica 
predominated. 

The  affinities  of  alumina  are  as  follows  : 

Sulphuric  acid, 

Nitric, 

Muriatic, 

Oxalic, 

Arfenic, 

Fluoric, 

Sebacic, 

Tartarous, 

Succinic, 

Saccholaflic, 

Citric, 

Phofphoric, 

Formic, 

Ladic, 

Benzoic, 

Acetous, 

Boracic, 

Sulphurous, 

Nitrous, 

Carbonic, 

PrufCc. 
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And  Lii  | 
magnefi: 
filica,  ac] 
alumina.  | 
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Affinitiel 

alumina. 


Sect.  VII.  Of  Jargonia. 
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Among  the  precious  ftones  which  come  from  the  DifeoTei 
ifland  of  Ceylon,  there  is  one  called  jargon,  which  is  of  jai 
polTefled  of  the  following  properties. 

Its  colour  is  various,  grey,  greenifh  white,  yellowlfh, 
reddifh  brown,  and  violet.  It  is  often  cryftallized,  ei- 
ther in  right  angular  quadrangular  prifms  furmounted 
with  pyramids,  or  odahedrals  confifting  of  double  qua-, 
drangular  pyramids.  It  has  generally  a good  deal  of 
luftre,  at  leaft  internally.  It  Is  moftly  femitranfparent. 

Its  hardnefs  is  from  10  to  16  : Its  fpecific  gravity  from 


4,416  to  4,7. 


* md.  i ,:i 


r *T7'* 

Lime,  fill-  7.  From  the  fame  experiments,  and  thofe  of  Kirwan, 
ca,  and  alu-  we  learn,  that,  in  mixtures  of  lime,  filica,  and  alumina, 
mina ; when  the  lime  exceeds,  the  mixture  is  generally  fufible 


It  lofes  fcarcely  any  of  its  weight  in  a melting  heat ; 333 
for  Klaproth  found  that  300  grains,  after  remaining  in. 
it  for  an  hour  and  a half,  were  only  one-fourth  of  a grain 
lighter  than  at  firftf . Neither  was  it  attacked  either  •}■  jour.  < 
by  muriatic  or  fulphuric  acid,  even  when  affifted  by  heat.  Phf  3^ 
At  laft,  by  calcining  it  with  a large  quantity  of  foda, 
he  diffolved  it  in  muriatic  acid,  and  found  that  100  p^rts 
of  it  contained  31,5  of  filica,  five  of  a mixture  of  nick- 
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el  and  Iron,  and  68  of  an  earth  pofTefTed  of  peculiar 
properties.  This  earth  has  been  called  jargonia. 

Jargonia  has  a ftrong  refemblance  to  alumina.  It  is 
of  a white  colour.  Its  fpecific  gravity  probably  ex- 
ceeds 4,000. 

It  differs  from  alumina  in  the  compounds  which  it 
forms  with  other  bodies,  in  being  infoluble  in  a boiling 
folution  of  pure  potafs  or  f 'da,  and  in  being  infufible  by 
heat  when  mixed  with  thefe  fubftances  in  a date  of 
drynefs;{;. 

No  more  of  its  properties  are  yet  known. 

Sect.  VIII.  Of  Adamanta, 

There  is  a done  found  in  China  and  in  the  Ead  In- 
dies near  Bombay,  w'hich  from  its  hardnefs  has  been 
called  adamantine  fpar.  Mr  Greville  fird  received  feme 
fpecimens  of  it,  and  made  it  known  to  feveral  French 
and  Englidi  naturalids. 

The  variety  which  comes  from  China  Is  crydallized 
in  hexagonal  prifms.  It  is  of  a grey  colour.  The  en- 
tire pieces  are  opaque,  but  thin  plates  of  it  are  tranfpa- 
rent.  It  is  fo  hard,  that  it  not  only  cuts  glafs  as  eafily 
as  the  diamond,  but  even  fcratches  rock  cry  dal  and  ma- 
ny other  very  hard  dones.  Its  fpecific  gravity  is  3,710 
The  variety  wTich  comes  from  Bombay,  and  which  is 
whiter  than  the  other,  is  called  corundum* . 

Mr  Greville  fentfome  fpecimens  of  this  done  to  Mr 
Klaproth,  that  he  might  analyfe  it : a talk  which  he 
found  very  difficult  to  perform,  for  the  common  pro- 
ceffes  had  no  effedi  upon  it.  At  lad  he  fucceeded  by 
fufing  it  12  times  in  a filver  crucible  with  15  parts  of 
foda,  and  expofing  it  each  time  for  five  hours  to  the 
dronged  heat  which  the  crucible  could  endure.  After 
each  fufion  he  foftened  the  mafs  with  boiling  water, 
precipitating  by  acids  the  earth  which  the  foda  had  dif- 
folved.  He  digeded  alfo  different  tiines  the  undecom- 
pofed  part  in  boiling  acids.  By  this  procefs  he  decom- 
pofed  it,  and  found  that  it  was  compofed  of  two  parts 
of  alumina,  and  one  of  a peculiar  earth  which  has  been 
called  adamanta. 

This  earth  he  at  fird  took  for  filiea ; but  it  differs 
from  it  In  not  being  infufible  w’hen  mixed  with  potafs 
or  foda.  Its  fpecific  gravity  probably  exceeds  3,oof . 
Nothing  more  is  known  concerning  its  properties. 

A new  earth  has  lately  been  difeovered  by  Mr  Vau- 
quelin  in  the  beryl,  to  which  he  has  given  the  name 
of  glucina.  His  account  of  its  properties  we  have  not 
hitherto  been  able  to  procure  : we  mud  therefore  re- 
ferve  our  defeription  of  it  till  we  come  in  the  order  of 
the  alphabet  to  the  word  Glucina. 

Thefe  are  all  the  fimple  earths  hitherto  difeovered  ; 
for  Sldneia{^),  w'hich  was  announced  by  Mr  Wedge- 
wood  as  a peculiar  earth,  has  lately  been  proved  by  Mr 
Hatchef*  to  be  merely  a mixture  of  feveral  earths 
which  have  been  lon^  known. 

The  fird  four  earths  have  a great  many  common  pro- 
perties ; they  tinge  vegetable  blues*  green,  they  have  a 
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drong  affinity  for  carbonic  acid,  and  combine  readily 
with  all  acids.  They  have  fometimes  been  called  alka- 
line earths. 

There  is  a drong  refemblance  between  filiea  and  ada- 
manta, and  between  alumina  and  jargonia. 

None  of  the  earths  have  been  hitherto  decompound- 
ed, nor  has  the  fmalled  proof  ever  been  brought  that 
they  are  compounds.  We  mud  therefore,  in  the  pre- 
fent  date  of  chemidry,  confider  them  as  fimple  bodies. 

Many  attempts,  indeed,  have  been  made  to  (hew  that 
there  was  but  one  earth  in  nature,  and  that  all  others 
were  derived  from  it.  The  earth  generally  made  choice 
of  as  the  fimpled  was  filica(z).  But  none  of  thefe  at- 
tempts, notwithftanding  the  ingenuity  of  feveral  of  the 
authors,  has  been  attended  with  the  fmalled  fhadow  of 
fuccefs. 

We  have  mentioned  formerly  that  it  was  almod  the 
univerfal  opinion  of  chemids  that  metals  w'ere  compofed 
of  fome  of  the  earths  united  to  phlogidon  ; but  of  late 
an  attempt  has  been  made  to  prove  that  all  the  earths 
are  metallic  oxyds,  and  that  they  can  adlually  be  redu- 
ced to  the  date  of  metals. 

Baron  had  long  ago  fufpedted  that  alumina  had  fome- 
what  of  a metallic  nature  ; and  Bergman  had  been  in- 
duced by  its  great  weight,  and  feveral  other  appearan- 
ces, to  conjecture  that  barytes  was  a metallic  oxyd  5 
But  the  fird  chemid  who  ventured  to  hint  that  all 
earths  might  be  metallic  oxyds  was  Mr  Lavoifier*.  * 
About  the  year  1790,  foon  after  the  publication  of  Mr  p 
Lavoifier’s  book,  Mr  Tondi  and  Profeffor  Ruprecht,  Engliflx 
both  of  Schemnitz,  announced  that  they  had  obtained 
from  barytes,  by  the  application  of  a drong  heat,  a me- 
tal of  the  colour  of  iron,  and  attraffed  by  the  magnet, 
which  they  called  borbonium  ; from  magnefia  another, 
wffiich  they  called  aiijlruisi ; a third  from  lime,  alfo 
called  aujirum  ; and  a fourth  from  alumina,  which  they 
denominated  apulum.  Their  method  of  proceeding  was 
to  apply  a violent  heat  to  the  earths,  which  were  fur- 
rounded  with  charcoal  in  a Heffian  crucible,  and  co- 
vered with  calcined  bones  in  powder. 

But  their  experiments  were  foon  after  repeated  by 
Klraproth,  Savored,  and  Tihaulki  ; and  thefe  accurate 
chemids  foon  proved,  that  the  pretended  metals  were 
all  of  them  phofphurets  of  iron.  The  iron,  by  the  vio- 
lence of  the  heat  had  been  extrafled  from  the  crucible,, 
and  the  phofphorus  from  the  bones.  The  earths  there- 
fore mud  dill  continue  a didinil  clafs  of  bodies  : and, 
as  Klaproth  has  obferved,  their  properties  are  fo  ex- 
ceedingly different  from  thofe  of  metallic  oxyds,  that 
the  fuppofition  of  their  being  compofed  of  the  fame  in- 
gredients is  contrary  to  every  fad,  and  to  every  analo- 
gy with  which  we  are  acquainted. 

Chap.  V.  Of  Caloric. 

Nothing  is  more  familiar  to  us  than  heat  ; to  at- 
tempt to  define  it  therefore  would  be  unneceffary.  When 
we  fay  that  a perfon  feels  heat,  that  a Jlone  is  hot,  the 

expredions 


(y)  This  fubdance  was  contained  in  a mineral  brought  from  Sidney  Cove  in  New- Holland.  Wedgewood’s 
analyfis  was  publiffied  in  1790.  Klaproth  afterwards  analyfed  it  without  finding  the  new  earth  which  it  had 
been  fuppofed  to  contain.  But  doubts  were  entertained  concerning  the  identity  of  the  minerals  examined  by 
thefe  two  philofophers.  Thefe  doubts  have  been  removed  by  Mr  Hatchet.. 

(z)  Mr  Sage,  however,  pitched  upon  lime. 
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expredions  caufe  no  difficulty  ; every  one  underftands 
them  peifeflly:  yet  in  each  of  ihefe  propofitions  the 
word  heat  has  a diftinit  meaning.  In  the  one  it  fignh 
fes  the  fenfatton  of  heat:  in  the  other,  the  caufe  of  that 
fenfation.  This  ambiguity,  thotigh  of  little  confeqiience 
in  common  life,  leads  unavoidably  in  philofophical  dil- 
cuflSons  to  confufion  and  perplexity.  It  was  to  prevent 
this  that  the  french  chemifts  made  choice  of  the  word 
caloric  to  fignify  the  caufe  of  heat.  When  1 put  my 
hand  on  a hot  ftone,  I experience  a certain  fenfation, 
w'hich  I call  the  fenfation  of  heat ; the  caufe  of  this  fen- 
fation is  caloric. 

Concerning  the  nature  of  caloric,  there  are  two  opi- 
nions which  have  divided  philofophers  ever  lince  they 
turned  their  attention  to  the  fubjed.  Some  fuppofe 
that  caloric,  like  gravity,  is  merely  a property  of  mat- 
ter, and  that  it  confills,  fome  how  or  other,  in  a pecu- 
liar vibration  of  its  particles  ; others,  on  the  contrary, 
think  that  it  is  a diftind:  fubftance.  Each  of  thefe 
opinions  has  been  fupported  by  the  greateft  philofo- 
pliers  ; and  the  obfcurity  of  the  fubjed  isfuch  that  both 
lides  have  been  able  to  produce  exceedingly  plaufible 


and  forcible  arguments  (13).  The  recent  difcoveries, 


however,  in  this  branch  of  chemiftry,  have  rendered  the 
latter  opinion  much  more  probable  than  the  former. 
Indeed  we  do  not  fee  how  it  is  poffible  to  account  for 
many  of  the  phenomena  of  nature,  unlefs  caloric  be 
eonfidered  as  a fubftance,  as  we  truft  lhall  appear  from 
the  inveftigation  into  which  we  are  about  to  enter. 
We  mean,  then,  with  the  generality  of  modern  chemifts, 
to  take  it  for  granted,  that  caloric  is  a fubftance,  with- 


out pretending  to  be  able  to  demonftrate  the  truth  of 
our  opinion,  but  merely  becaufe  we  confider  it  as  in- 
finitely more  plaufible  than  the  other.  If  the  receiver 
of  an  air-pump,  while  it  contains  a thermometer,  be 
fuddenly  exhaufted  of  air,  the  thermometer  finks  feve- 
ral  degrees,  and  then  gradually  nfes  again  to  its  former 
height.  Now  if  heat  be  owing  to  vibration,  how  comes 
It  that  the  fmall  quantity  of  matter  remaining  in  the 
receiver  is  firft  infufficient,  and  afterwards  fufficient  to 
maintain  the  temperature  ? Is  it  not  more  probable  that 
part  of  the  caloric  was  carried  off  with  the  air,  and  that 
it  gradually  returned  through  the  glafs,  v/hich  it  is  capa- 
ble of  pervading,  though  with  difficulty*.  When  air 
Is  let  Into  an  exhaufted  receiver,  the  thermometer,  as 
Lambert  firft  obferved,  rifes  feveral  degrees.  Is  not 
this  owing  to  an  additional  quantity  of  caloric  intro- 
duced by  the  air  ? The  thermometer  then  finks  flowly. 
Is  not  this  becaufe  the  fuperabundant  caloric  gradually 
pervades  the  glafs  and  flies  off?  Taking  it  for  granted 
then,  that  caloric  is  a fubftance,  we  proceed  to  examine 
its  properties. 

I . When  bodies  become  hot,  or  which  is  the  fame 
thing,  when  caloric  enters  into  them,  they  expand  in 
every  dire(5tIon  ; and  this  expanfion  is  proportional  to 
the  accumulation  of  caloric.  The  firft  and  moft  obvi- 
ous property  of  caloric  then  Is  the  power  of  expanding 
bodies.  It  does  not,  however,  expand  all  fubftance s 
equally,  and  we  are  ftill  ignorant  of  the  law  which  it 
follows.  All  that  can  be  done  therefore  is  to  colledt 
faffs  till  this  law  be  difeovered.  A number  of  thefe 
may  be  feen  in  the  following  table  ; 


I 


* See  B \ 
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Table  of  the  Expanfion  of  various  Bodies  at  different  ’Temperatures. 


Tempe- 

rature. 

Water*. 

Mercury. 

Linfeed 

Oilf. 

Alcohol*. 

Tempe- 

rature. 

Water*. 

Mercury. 

Linfeed 

Oilf. 

Alcohol*.^ 

30® 

— 

— 

100000 

100 

100908 

IO071 1,8 

104162 

32 

— 

ioeooo,o 

I 00000 

— ■ 

105 

— 

100762,7 

35 

I 00000 

100030,0 

— 

100267 

1 10 

— 

100813,6 

40 

99997 

100081,0 

— 

100539 

120 

IOI404 

100915,4 

45 

I 00005 

100131,9 

— 

roi8i8 

130 

— 

101017,2 

V 

50 

100023* 

100182,8 

— 

loi 105 

140, 

— 

lOI  1 19,0 

55 

100053 

100253,7 

— 

101401 

150 

I02017 

101220,8 

60 

100091 

100304,6 

— 

101688 

160 

— 

101322,6 

65 

100141 

100355,5 

— 

101984 

167 

102753 

— 

70 

100197 

100406,4 

— 

102281 

170 

— 

101424,4 

75 

' 100261 

100457,3 

— 

102583 

180 

— 

101526,2 

80 

100332 

100508,2 

— 

102890 

190 

103617 

101628,0 

85 

10041 I 

100559,1 

— 

103202 

200 

— 

101729,8 

90 

100694 

100610,0 

— 

103517 

212 

104577 

101835,0 

107250 

95 

100790 

100660,9 

102560 

103840 

408 

— 

1 15160 

* Blagie: 
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(13)  How  can  the  fupporters  of  the  doffrine  of  heat  being  but  a vibration  of  the  particles  of  bodies,  reconcile 
their  hypothefis  with  the  well  eftabliftied  faff  of  a hot  body  communicating  its  heat  to  the  furrounding  bodies 
when  fufpended  in  a Torricellian  vacuum  ? Will  it  be  fufficient  for  them  to  fay,  that  it  is  never  perfeffly  free  from 


air,  and  that  the  fmalleft  portion  is  fufikient  to  communicate  this  vibration  ? 
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Table  of  the  Expanfion  of  various  Bodies  at  different  Temperatures  continued. 


Tempe- 

rature. 

Sulph. 

acid.* 

Nitric 

acid.* 

Glafs.f 

Air. 

Oxygen 

gat.§ 

Azotic 

gas.§ 

Hydrogen 

gas.f 

Nitrous 

gas-§ 

Carb.  acid 
gas.§ 

Ammonia- 
cal  gas.§ 

32° 

— 



lOCOOO 

I 00000 

I 00000 

I 00000 

100000 

lOCOOO 

I 00000 

100000 

40 

— 

— 

— 

IOI790 

45 

— 

100005 

— 

— 

50 

100149 

IOOI49 

— 

I 041 40 

55 

100263 

101074 

100006 

— 

60 

100382 

IGI389 

— 

106560 

65 

1 00615 

101767 

— 

— 

70 

100751 

102096 

— 

108950 

IS 

— 

— 

IOOOI4 

— 

77 

— 

— 

— 

— 

104520 

103400 

108390 

106520 

I I 1050 

I279IO 

80 

— 

— 

— 

1 1 1300 

90 

— 

— 

— 

1 13590 

100 

— 

— 

100023 

— 

1 10 

— 

— 

— 

117580 

122 

— 

— 

100033 

— 

124830 

121860 

122830 

117630 

130660 

184870  1 

130 

— 

— 

— 

121870 

1 

1 

150 

— 

— 

I 00044 

126030 

167 

— 

— 

100056 

— 

190180 

176640 

137420$ 

144370 

173850 

358780 

170 

— 

— 

— 

1 30090 

190 

— 

— 

100069 

133-970 

212 

— 

— , 

100083 

134890 

547670$ 

694120 

139120$ 

160290'$ 

200940$ 

680090$ 

(a) 

Table  of  the  Expanfion  of  Metals  from  32°  to  2i2°.f 


Tempera- 

ture. 

Antimony. 

Steel. 

Iron. 

Caft-Iron. 

Bifmuth. 

Copper. 

Caft  Brafs. 

Brafs  Wire. 

32" 

212 

White  j 
heat  J 

120000 

120130 

120000 

120147 

I 23428* 

I 20000 

120151 

I 2 1500* 

120000 

I22571* 

120000 

120167 

120000 

120204 

120000 

IZO225 

I 20000 

120232 

Tin. 

Lead. 

Zinc. 

Hammered 

Zinc. 

Zinc  8 
Tin  I 

Lead  2 
Tin  I 

Brafs  2 
Zinc  I 

Pewter. 

Copper  3 
Tin(B)  I 

32«> 

212 

120000 

120298 

1 2000c 
120344 

120000 

120355 

120000 

120373 

120000 

120323 

120000 

I203OI 

120000 

120247 

120000 

120274 

120000 

120218 

From 


(a)  This  mark  ;};  implies,  that,  owing  to  fome  inaccuracy  in  making  the  experiments,  the  numbers  to  which 
it  is  attached  are  not  to  be  depended  on. 

, (b)  The  metal  whofe  expanfion  is  here  given  was  an  alloy  compofed  of  three  parts  of  copper  and  one  of  tin. 
The  figures  in  fome  of  the  preceding  columns  are  to  be  underftood  in  the  fame  manner.  Thus  in  the  laft  co- 
lumn but  two^  the  metal  confifted  of  two  parts  of  brafs  alloyed  with  one  of  zinc. 


> 
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Exception. 


From  this  table,  It  appears  that  the  gafes  are  more 
expanded  by  caloric  than  fluids,  and  fluids  more  than 
folids  ; and  that  the  expanflon  of  all  bodies  hitherto  ex- 
amined, mercury  alone  excepted,  goes  on  in  an  increa- 
ling  feries.  To  the  expanding  power  of  caloric  there 
is  one  Angular  exception  : From  30°  to  40°  Fahrenheit, 
‘zudfer,  inftead  of  being  expanded,  fulFers  a lerr.arkable 
contraction,  as  is  evident  from  the  following  table  of 
its  bulk  for  every  degree  between  30°  and  40. 


BlagJo 


30®-  . - 

Bulk. 

IOOC74 

31  - - - 

100070 

32  - - - 

IOC066 

33  - - - 

100063 

34  - - - 

100060 

35  - - - 

100058 

36  - - - 

100056 

37 

100055 

38  - - - 

10C054 

39  - - - 

100054 

4.0  - - - 

1OC054. 

* 
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From  40°  it  expands  like  other  fubftances  on  being 
heated  (b). 

The  expanflon  of  bodies  by  caloric  has  furnlflied  us 
with  an  inftrument  for  meafuring  the  various  degrees 
of  it  in  different  fubftances,  wre  mean  the  thermometer  ; 
and  as  mercury  is  the  only  fluid  which  expands  equably, 
it  is  obvioufly  the  only  proper  one  for  thermometers 
( 14).  The  thermometer  uniformly  ufed  in  this  article 
is  that  of  Fahrenheit,  except  when  fome  other  is  parti- 
cularly mentioned. 

2 . By  means  of  the  thermometer,  we  learn  that  there 
is  no  body  which  does  not  contain  caloric,  becaufe  there 
is  none  fo  cold  that  it  cannot  be  made  colder  : and 
cooling  a body  is  nothing  elfe  but  abftrad:ing  a part  of 
the  caloric  which  It  contains. 

3.  Caloric  cannot  be  confined  in  any  body  while 
thofe  in  its  neighbourhood  are  colder,  but  continues  to 
rufh  out  till  every  thing  is  reduced  to  the  fame  tempe- 
rature. This  does  not  proceed  from  the  attradlion  of 
the  colder  bodies,  but  from  the  tendency  of  caloric  to 
exift  everywhere  in  an  equal  degree  of  tenflon ; For 
when  hot  bodies  are  placed  in  the  exhaufted  receiver  of 

, an  air-pump,  as  we  learn  from  Mr  Pi<ftet  f,  or  in  the 
Torricellian  vacuum,  as  Count  Rumford  has  (hewn 
us  the  caloric  leaves  them  In  the  fame  manner,  tho’ 
more  flowly,  and  they  are  equally  reduced  to  the  tem- 


perature of  the  furrounding  bodies.  This  property  has 
been  called  the  equilihr'tum  of  caloric.  The  only  way 
therefore  to  conflne  or  accumulate  this  fubftance  In  a 
body,  is  to  furround  it  with  bodies  w'hich  are  hotter 
than  itfelf. 

4.  The  equilibrium  of  caloric  feems  evidently  to 
prove  that  its  particles  repel  each  other  {15).  This 
repulflon  will  caufe  them  when  accumulated  in  any 
place  to  fly  off  in  every  direflion,  and  to  continue  to 
feparate  till  they  are  oppofed  by  caloric  in  other  bodies 
of  the  fame  relative  denflly  with  themfelves,  which,  by 
repelling  them  in  its  turn,  compels  them  to  continue 
where  they  are.  The  caloric  in  bodies  therefore  is  in 
what  has  been  called  by  Mr  Pictet  a ftate  of  tenfton  (c). 
Its  particles  are  adluated  by  a force  which  would  make 
them  feparate  to  an  indefinite  diftance,  were  they  not 
confined  by  the  oppofite  force  of  the  caloric  which  fur- 
rounds  them.  The  equilibrium  therefore  depends  on  the 
balancing  of  twm  oppofite  forces  ; the  repulflon  between 
the  particles  of  caloric  in  the  body,  which  tends  to  di- 
minilh  the  temperature  ; and  the  repulflon  between  the 
caloric  of  the  body  and  the  furrounding  caloric,  which 
tends  to  raife  the  temperature.  When  the  fit  ft  force  is 
greater  than  thefecond,  as  is  the  cafe  when  the  tempe- 
rature of  a body  is  higher  than  that  of  the  furrounding 
bodies,  the  caloric  flies  off,  and  the  body  becomes  cold- 
er. When  the  laft  force  is  ftronger  than  the  firft,  as  is 
the  cafe  when  a body  is  colder  than  thofe  which  are 
around  it,  the  particles  of  its  caloric  are  obliged  to  ap- 
proach nearer  each  other,  new  caloric  enters  to  occupy 
the  fpace  which  they  had  left,  and  the  body  becomes 
hotter.  When  the  two  forces  are  equal,  the  bodies  are 
faid  to  be  of  the  fame  temperature,  and  no  change 
takes  place.* 

It  is  the  aftion  of  thefe  oppofite  forces  which  makes 
the  thermometer  a meafure  of  temperature.  When  ap- 
plied to  any  body,  it  continues  to  rife  or  fall  till  the  ca- 
loric in  it  and  in  the  body  to  which  it  is  applied  are  of 
the  fame  tenflon,  and  then  it  remains  ftationary.  The 
thermometer  therefore  merely  indicates  that  the  tempe- 
rature of  the  body  to  which  it  is  applied  is  equal  to  its 
own.  It  is  obvious  that,  in  order  to  obtain  the  real 
temperature  of  bodies,  the  thermometer  Ihould  be  fo 
fmall  that  the  quantity  of  caloric,  which  enters  or  leaves 
it,  may  not  materially  affe.ft  the  refulf. 

This  property  of  caloric  feems  to  be  the  caufe  of  the 
elafticity  oi  the  gafes,  in  which,  as  we  lhall  fhew  after- 
wards. 
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(b)  There  was  a curious  fafl  concerning  dilatation  obferved  by  Mr  de  Luc.  A brafs  rod  which  he  ufed  as  a 
thermometer  became  in  fummer  habitually  longer  ; that  is  to  fay,  that  after  being  for  fome  time  lengthened  by 
heat,  it  did  not  contradl  by  the  application  of  cold  to  its  old  length,  but  continued  fomewhat  longer.  In  winter 
the  contrary  phenomenon  took  place.  Alter  being  contrafted  lor  I'ome  time  by  cold,  it  did  not  return  to  its  old 
length  on  the  application  of  heat,  but  kept  fomewhat  ftiorter.  A leaden  rod  Ihewed  thefe  effefts  in  a greater 
degree.  Glafs  has  not  this  quality.  De  Luc  ftlpeds  that  this  property  is  inverfely  as  the  elafticity  of  bodies. 
Glafs  is  perfedtly  elaftic,  and  lead  is  lefs  elaftic  than  brafs. — journ.  de  Phyf.  xviii.  369. 

{14)  Mercury  does  not  expand  regularly  even  according  to  the  tables  juft  given.  For  every  five  degrees  It 
there  appears  that,  in  moft  inftances,  it  expands  509,  but  betwixt  35°  and  40®  it  expands  51.  and  betw'een 
50°  and  55*  it  even  expands  70.9,  although  betwixt  55°  and  60°  it  expands  again  but  50.9.  But  this  is  not 
the  only  irregularity  the  thermometer  is  liable  to.  Glafs  is  very  irregular  in  its  expanflon.  The  tube  and 
bulb  therefore  in  which  the  mercury  is  contained  mull  by  their  irregular  expanficns  and  contraftions  render 
this  inftrument  inaccurate.  T.  P.  S. 

(15)  Why  need  we  confider  caloric  as  a principle  of  repulfion  when  we  can  otherwife  explain  all  its  phe- 
nomena. T.  P.  fi. 

(c)  The  phrafe  was  firft  ufed  by  Mr  Volta. 
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er  quantity',  upwards  than  downwards ; owing,  doubt- 
lefs,  to  the  repulfive  power  of  the  caloric  in  the  earth. 
The  frnall  quantity  of  air  that  remained  in  the  tube, 
may  perhaps  be  fuppofed  fufficient  to  account  for  the 
difference,  without  allowing  any  fuch  tendency  upwards 
in  caloric.  But  it  is  evident  from  the  experiments  of 
the  Floientine  academicians  on  the  fame  fubjed,  with 
tubes  full  of  air,  that  even  when  in  great  abundance, 
that  fluid  hardly  affecled  the  rifing  of  the  fuperior  ther- 
mometer: furely  then  its  effed  mufl;  be  altogether  im- 
perceptible when  fo  little  of  it  remained  ; and  in  the 
third  and  fourth  experiments  the  oiled  paper  prevented 
any  of  the  heated  air  from  approaching  the  thermo- 
meter (17). 

5.  If  W'e  take  a bar  of  iron  and  a piece  of  ftone  of 
equal  dimenfions,  and  putting  one  end  of  each  into  the 
fire,  apply  either  thermometers  or  our  hands  to  the 
other,  we  fliall  find  the  extremity  of  the  iron  fenfibly 
hot  long  before  that  of  the  ftone.  Caloric  therefore 
does  not  pafs  through  all  bodies  with  the  fame  celerity 
and  eafe.  The  power  that  bodies  have  to  allow  it  a 
paffage  through  them  is  called  their  conduBing  po’wer  ; 
thofe  that  allow  it  to  pafs  with  facility,  arc  called ^00 J 
eojiduSors  ; thofe  through  which  it  paffes  with  difficul- 
ty, are  called  bad  conduElors  ; and  thofe  which  do  not 
allow  it  to  pafs  at  all,  non-conduiiors. 

It  is  probable  that  all  folids  condud  heat  in  fome  de- 
gree, at  leaft  this  is  the  cafe  with  every  one  at  prefent 
known.  Wood  and  charcoal  are  exceeding  bad  con- 
dudors  of  caloric  (e).  Count  Rumford  informs  us, 
that  a piece  of  green  oak  plank  was  employed  to  ftir  the 
melted  metal  of  which  cannons  were  founding  at  Mu- 
nich, and  it  was  often  allowed  to  remain  a confiderable 
time  in  the  furnace  ; yet  the  caloric  had  penetrated  to 
fo  inconfiderable  a depth,  that  at  the  diftance  of  ^th 
of  an  inch  below  the  furface,  the  wood  did  not  feem  to 
have  been  the  leaft  affeded  by  it ; the  colour  remained 
unchanged,  and  it  did  not  appear  to  have  loft  even  its 
moifture*. 

Glafs  is  alfo  a very  bad  condudor;  and  this  is  the 
reafon  that  it  is  fo  apt  to  crack  on  being  heated  or 
cooled  fuddenly  ; one  part  of  it  receiving  or  parting 
with  its  caloric  before  the  reft,  expands  or  contrads, 
and  deftroys  the  cohefion. 

Metals  are  the  beft  condudors  of  caloric  of  all  the 


^ nearly  equal. 


I 


much  inferior  to  the  others. 


folids  hitherto  examined.  The  conduding  powers  cf 
all,  however,  are  not  equal.  Dr  Ingenhouft  procured 
cylinders  of  feveral  metals  exadly  of  the  fame  fize,  and 
having  coated  them  with  wax,  he  planged  their  ends 
into  hot  water,  and  judged  of  the  conduding  power  of 
each  by  the  length  of  wax-coating  melted.  From  thefe 
experiments  he  concluded,  that  the  conduding  powers 
of  the  metals  which  he  examined  were  in  the  following 
order*  ; 

Silver, 

Gold, 

Copper, 

Tin,, 

Platinum, 

Iron, 

Steel, 

Lead, 

Next  to  metals  ftones  feem  to  be  the  beft  condudors ; 
but  this  property  varies  confiderably  in  different  ftones. 
Bricks  are  much  worfe  condudors  than  moft  ftones. 
All  folids  capable  of  being  melted  become  non-conduc- 
tors the  moment  they  are  heated  to  the  melting  point : 
the  caloric  enters  them  eafily  enough,  but  it  remains  in 
them. 

All  fluids  hitherto  examined  are  non  conduEon  of  ca- 
loric. They  can  receive  it  indeed  from  other  fubftan- 
ces,  and  they  can  give  it  out  to  other  fubftances  ; but 
one  particle  can  neither  receive  it  nor  give  it  out  to  ano- 
ther particle.  Before  a fluid  therefore  can  either  be 
heated  or  cooled,  every  particle  muft  go  Individually  to 
the  fubftanceffrom  which  it  receives  or  to  which  it  gives 
out  caloric.  For  this  very  important  difcovery  the 
world  is  indebted  to  Count  Rumford.  Before  the  pub- 
lication of  his  effays  it  had  not  even  been  fufpeded  ; fo 
far  from  it,  that  fluids  had  been  ranked  among  the  beft 
condudors  of  caloric. 

In  a fet  of  experiments  on  the  communication  of 
heat,  he  made  ufe  of  thermometers  of  an  uncommon 
fize.  Having  expofed  one  of  thefe  (the  bulb  of  which 
was  near  four  inches  in  diameter)  filled  with  alcohol  to 
as  great  a heat  as  it  could  fupport,  he  placed  it  in  a 
window  to  cool  where  the  fun  happened  to  be  fhining. 
Some  particles  of  duft  had  by  accident  been  mixed  with 
the  alcohol:  thefe  being  illuminated  by  the  fun,  became 
perfedly  vifible,  and  difcovered  that  the  whole  liquid  in 
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(17)  Thefe  experiments  of  Mr  Pidet  are  undoubtedly  ingenious,  but  by  no  meansiconclufive.  There  ftill 
remained  a confiderable  quantity  of  air  in  the  tube.  This  air  became  rarified  juft  in  the  centre  of  the  tube  where 
the  mirror  converged  the  fun’s  rays.  Hence  this  air  would  rife  up  to  the  top  of  the  tube,  and  part  with  its  extra 
quantum  of  heat  to  the  upper  thermometer.  This  air  would  be  replaced  from  above,  and  thus  a conftant 
ftream  of  warm  air  towards  the  upper  thermometer  would  be  produced.  Thus  might  we  account  for  the  rife 
of  the  upper  thermometer  without  the  aid  of  -s.  principle  of  levity.  That  the  lower  thermometer  fhould  rife  but 
flnwly  is  not  furprifing  when  we  confider  the  experiments  of  Count  Rumford  on  the  conduding  powers  of  air, 
which,  at  leaf,  prove  it  to  be  a very  bad  condudor  of  caloric.  The  oiled  paper  not  preventing  the  thermome- 
ter rifing  is  no  proof  that  it  is  not  this  ftream  of  warm  air  which  caufes  the  upper  thermometer  to  rife,  unlefs 
it  be  proved  that  it  is  a non-condudor  of  caloric,  and  if  it  were  I do  not  fee  how  the  caloric  is  to  get  through 
to  the  thermometer  eafier  if  it  poffeffes  abfolute  levity  than  if  it  be  a gravitating  fluid.  All,  I think,  thefe  expe- 
riments prove  is,  that  the  fpecific  gravity  of  caloric  is  lefs  than  that  of  the  imperfed  vacuum  Mr  Pidet  made 
ufe  of.  T.  P.  S. 

(e)  This  fad  merits  the  attention  of  chemifts.  It  is  obvious,  that  when  metallic  oxyds  are  furrounded  with 
charcoal  powder,  their  temperature  cannot  be  raifed  near  fo  high  as  It  otherwife  would  be.  It  is  not  unlikely 
that  fome  part  of  the  difficulty  which  has  been  experienced  in  attempting  to  reduce  and  fufe  feveral  metallic  fub- 
ftances may  have  been  owing  to  this  caufe. 
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;Calork.  the  tube  of  the  thermometer  was  in  a moft  rapid  mo- 
tion,  running  fwiftly  in  oppofite  directions  upwards  and 
downwards  at  the  fame  time.  The  afcendlng  current 
occupied  the  axis,  the  defcending  current  the  Tides  of  the 
tube.  When  the  Tides  of  the  tube  were  cooled  by  means 
of  ice,  the  velocity  of  both  currents  was  accelerated. 
It  diminifhed  as  the  liquid  cooled  ; and  when  it  had  ac- 
quired the  temperature  of  the  room,  the  motion  ceafed 
altogether.  This  experiment  was  repeated  with  lin- 
feed  oil,  and  the  refult  was  precifely  the  fame.  Thefe 
currents  were  evidently  produced  by  the  particles  of  the 
liquid  going  individually  to  the  fides  of  the.  tube,  and 
giving  out  their  caloric.  The  moment  they  did  fo, 
their  fpecific  gravity  being  increafed,  they  fell  to  the 
bottom,  and  of  courfe  pufhed  up  the  warmer  part  of  the 
fluid,  which  was  thus  forced  to  afceudalong  the  axis  of 
the  tube.  Having  reached  the  top  of  the  tube,  the 
particles  gave  out  part  of  their  caloric,  became  fpeci- 
fically  heavier,  and  tumbled  in  their  turn  to  the  bottom. 

As  thefe  internal  motions  of  fluids  can  only  be  dif- 
covered  by  mixing  with  them  bodies  of  the  fame  fpe- 
cific gravity  with  themfelves,  and  as  there  is  hardly  any 
fubftance  of  the  fame  fpecific  gravity  with  water  w'hich 
is  not  foluble  in  it.  Count  Rumford  had  recourfe  to  the 
following  ingenious  method  of  afcertaining  v^hether 
that  fluid  alfo  followed  the  fame  law.  The  fpecific 
gravity  of  water  is  increafed  confiderably  by  dilTolving 
any  fait  in  it ; he  added,  therefore,  potafs  to  water  till 
its  fpecific  gravity  was  exaifily  equal  to  that  of  amber, 
a fubftance  but  very  little  heavier  than  pure  water.  A 
number  of  fmall  pieces  of  amber  were  then  mixed  with 
this  folution,  and  the  whole  put  into  a glafs  globe  with 
a long  neck,  which,  on  being  heated  and  expofed  to 
cool,  exhibited  exadlly  the  fame  phenomena  with  the 
other  fluids.  A change  of  temperature,  amounting  on- 
ly to  a very  few  degrees,  was  fufficient  to  fet  the  cur- 
rents a-flowing ; and  a motion  might  at  any  time  be 
produced  by  applying  a hot  or  a cold  body  to  any  part 
of  the  veflel.  When  a hot  body  was  applied,  that  part 
of  the  fluid  neareft  it  afcended  ; but  it  defcended  on  the 
hoftof  application  of  a cold  body. 

t noil-  If  caloric  pafs  through  water  only  by  the  Internal 
cdnAing  motion  of  its  particles,  as  this  experiment  feems  to 
t.er  of  prove,  it  is  evident  that  every  thing  w'hich  embarrafles 
thefe  motions  muft  retard  its  tranfmiffion : and  accord- 
ingly Count  Rumford  found  this  to  be  the  cafe.  He 
took  a large  linfeed-oil  thermometer  with  a copper 
bulb  and  glafs  tube  : the  bulb  was  placed  exadly  in  the 
centre  of  a brafs  cylinder,  fo  that  there  w’as  a void  fpace 
between  them  all  around  0,25175  of  an  inch  thick. 
The  thermometer  was  kept  in  its  place  by  means  of 
four  wooden  pins  projeding  from  the  fides  and  bottom 
of  the  cylinder,  and  by  the  tube  of  it  palling  through  the 
cork  ftopper  of  the  cylinder.  This  cylinder  was  filled 
with  pure  water,  then  held  in  melting  fnow  till  the  ther- 
mometer fell  to  32°,  and  immediately  plunged  into  a 
velTel  of  boiling  water.  The  thermometer  rofe  from 
32°  to  200°  in  597".  It  is  obvious  that  all  the  caloric 
which  ferved  to  raife  the  thermometer  muft  have  made 
its  way  through  the  v’ater  in  the  cylinder.  The  expe- 
riment was  repeated  exailly  in  the  fame  manner,  but 
the  water  in  the  cylinder,  which  amounted  to  2276  gr. 
had  192  gr.  of  ftarch  boiled  in  it,  which  rendered  it 
much  lefs  fluid.  The  thermometer  now  took  1109" 


to  rife  from  32°  to  200°.  The  fame  experiment  was 
again  repeated  with  the  fame  quantity  of  pure  water, 
having  192  gr.  of  eiderdown  mixed  with  it,  which 
vtmuld  merely  tend  to  embarrafs  the  motion  of  the  par- 
ticles. A quantity  of  ftewed  apples  were  alfo  in  ano- 
ther experiment  put  into  the  cylinder.  The  following 
tables  exhibit  the  refult  of  all  thefe  experiments. 


'Time  the  Caloric  was  in  pajfwg  inlo  the  Thermometer. 


T empera- 
ture. 

Through 
the  Water 
and  Starch 

Thro’  the 
Water  and 
Eiderdown, 

Through 

ftewed 

Apples 

Through 

pure 

Water 

Therm,  rofe 
from  32°  to 
300°  in 

Seconds. 

1 109 

Seconds, 

949 

Seconds. 

10964 

Seconds. 

597 

Therm,  rofe 
80°,  k/z 
from  80°  to 
160°,  in 

341 

269 

335 

172 

Time  the  Caloric  was  in  pajfing  out  of  the  Thermometer. 


Tempera- 

tm-e. 

Through 
the  Water 
and  Starch. 

Thro’  the 
Water  and 
Eiderdown. 

Through 

ftewed 

Apples. 

Through 

pure 

Water. 

Therm,  fell 
from  300° 
to  40°  in 

Seconds. 

1548 

Seconds. 

1541 

Seconds. 

i749i 

Seconds. 

1032 

Therm,  fell 
80°,  vix. 
from  160° 
to  80°,  in 

468 

460 

520 

277 

Now',  neither  the  ftarch  nor  the  eiderdown  could 
produce  any  alteration  in  the  w'ater  except  impeding 
its  internal  motions  : confequently  w'hatever  impedes 
thefe  motions  diminifhes  the  conducing  pow'er  of  wa- 
ter. But  this  could  not  happen  unlefs  every  individual 
particle  aflually  went  from  the  cylinder  to  the  thermo- 
meter. 

Only  one  proof  more  was  wanting  to  remove  every 
doubt ; and  this  proof  alfo  Count  Rumford  has  given 
us.  If  water  be  a non-condu(ftor,  it  is  evident  that  no 
caloric  can  pafs  dow’nwards  when  the  heat  is  applied  to 
the  furface  ; for  as  the  particles  of  water  become  fpeci- 
fically  lighter  by  being  heated,  they  cannot  fink  to  the 
bottom.  Accordingly  Count  Rumford  found,  that  w’a- 
ter  might  be  made  adlually  to  boil  near  the  top  of  a 
glafs  tube,  while  that  at  the  bottom  was  not  fenfibly 
warmed.  Owfing  to  the  law  already  mentioned,  indeed, 
that  w'^ater,  after  being  cooled  down  to  40°,  expands 
inftead  of  contradling  when  its  temperature  is  lowered, 
a mafs  of  water  may  be  raifed  to  40°  by  applying  the 
heat  to  its  upper  furface  ; becaufe  water  at  40°  is  hea- 
vier than  at  any  degree  below  it,  and  will  therefore  fink 
to  the  bottom  ; but  its  temperature  cannot  be  raifed  any 
higher.  This  Count  Rumford  proved,  by  fliewing  that 
water  of  the  temperature  of  40*',  placed  above  ice,  wall 
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Caloric,  melt  as  mucli  of  it  in  the  fame  time  as  water  at  any 
higher  temperature  whatever,  even  boiling  hot. 

Into  a cylindrical  glafs  jar  4,7  inches  in  diameter  and 
I '^,8  inches  high,  he  put  43,87  cubic  inches,  or  i lb. 
1*14.  oz.  troy  of  water,  and  placing  the  jar  in  a freez- 
ing mixture  compofed  of  pounded  ice  and  common 
fea  fait,  he  froze  the  water  into  one  compa<ft  mafs.  The 
jar  was  then  put  into  a mixture  of  pounded  ice  and  pure 
water,  reaching  exadly  to  the  top  of  the  ice  in  it,  and 
fuffered  to  remain  there  four  hours,  that  the  ice  might 
come  to  the  temperature  of  32“  ; then  boiling  water  was 
cantioufly  poured  on  it,  and  the  jar  ftill  allowed  to  ftand 
in  the  ice  and  water.  He  foon  found  that  a confider- 
able  quantity  of  Ice  was  melted  at  the  very  beginning 
of  the  experiment,  owing  to  the  agitation  into  which 
the  water  was  thrown  by  the  adl  of  pouring  it  into  the 
veffel.  To  prevent  this  as  much  as  poffible,  he  covered 
the  ice  with  a fmall  quantity  of  ice  cold  water,  upon 
w'hich  he  placed  a flat  (hallow  difti  of  light  wood  44- 
inches  In  diameter,  and  about  one-fourth  of  an  inch 
thick  at  the  bottom.  This  veflel  was  perforated  by  fe- 
veral  hundred  very  fmall  holes.  The  hot  water  was 
poured  into  this  dilh  through  a long  wooden  tube,  the 
bottom  of  which  was  flopped  up,  and  the  water  made 
to  iiTue  through  fmall  holes  in  the  fide  at  the  lower  end. 
As  this  difli  always  floated  on  the  furface  of  the  water, 
and  as  the  fluid  pafling  through  it  by  a number  of  fmall 
holes  was  not  projefted  with  force,  it  is  evident  that  a 
confiderable  part  of  thefe  violent  motions  was  prevent- 
ed. The  following  is  the  refult  of  three  experiments 
made  in  this  manner. 


Kumber  of 
Experi- 
ments. 

Time  the 
hot  Water 
■was  on  the 
Ice. 

Temperature  of  the  hot 
Water  one  inch  below 
its  furface. 

Quantity  of 
Ice  melted. 

At  the  be-  j 
ginning.  ; At  the  end 

I 

Minutes. 

10 

192° 

182® 

Grains. 

580 

2 

30 

190® 

165® 

914 

1 3 

180 

190® 

95° 

3200 

From  thefe  experiments  he  determined  the  quantity 
of  ice  melted  in  the  a£t  of  pouring  the  water  into  the 
jar,  fuppofing  equal  quantities  to  be  melted  in  equal 
times.  If  3200  grains  were  melted  in  180',  fubtradling 
580,  the  quantity  melted  in  10',  there  remains  2620  gr. 
for  the  quantity  melted  in  170',  in  every  ten  of  which 
^54  S’"-  have  been  melted  ; for  170  : 10  ; ; 2620 
; 154  nearly.  Subtradting  154  from  580,  the  quantity 
melted  in  the  firft  ten  minutes,  there  remains  426  gr. 
for  the  quantity  melted  in  pouring  the  water  into  the  jar. 
From  the  fecond  experiment  it  follows,  by  a fimilar 
calculation,  that  159  gr.  were  melted  every  10  minutes  ; 
which  (hows  that  the  motions  produced  by  pouring  in 
the  water  had  not  ceafed  in  30  minutes.  It  will  be 
nearer  the  truth,  therefore,  if  we  endeavour  to  difeover 
the  quantity  melted  every  ten  minutds  by  comparing 
the  fecond  and  third  experiments.  By  a fimilar  calcu* 
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lation  to  the  above,  it  comes  out  to  be  152  gr.  The 
following  table  exhibits  the  refults  of  feveral  experi-  ' 

ments,  made  exadly  in  the  fame  manner,  but  with  wa- 
ter at  a much  lower  temperature.  ' 


Number 
of  Expe- 
riments. 

Temper,  of  the 
Water  in  the  Jar 
one  inch  below 
its  furface. 

Temper, 
of  the 
Air. 

Time  the 
Water  re-  1 

Quantity  of 
Ice  melted. 

Before. 

After. 

on 

the  Icc. 

I 

41® 

0 

0 

41° 

10' 

203  gr. 

2 

41 

40 

4* 

TO 

220 

3 

4* 

40 

4i 

TO 

237 

4 

41 

40 

41 

TO 

228 

5 

41 

38 

41 

30 

617 

6 

41 

38 

41 

30 

585 

From  thefe  experiments  it  appears  that  the  quantity 
of  ice  melted  in  10'  by  water  at  the  temperature  of  41® 
was  222  gr.  while  boiling  water  melted  only  152  gr, 
in  the  fame  time.  To  difeover  whether  any  of  this  was 
melted  in  the  adl  of  pouring  in  the  water  ; from  a mean 
of  the  two  lafl  experiments  it  appears,  that  601  grains 
were  melted  in  30' : if  from  this  222  grains  (the  mean 
of  the  four  firft)  be  dedudted,  there  will  remain  379 
grains  for  the  quantity  melted  in  20',  confcquently 
1894  grains  is  what  muft  have  been  melted  in  the  or- 
dinary courfe  of  the  procefs  ; a quantity  confiderably 
above  152  grains.  Therefore  water  at  41°  melts  more 
ice  in  the  fame  time  than  boiling  water.  This  Count 
Rumford  accounts  for  by  fuppofing,  that  in  the  hot 
water  the  defeending  current  from  the  top  of  the  veffel, 
and  afeending  one  from  the  ice,  meeting  one  another  in 
that  part  of  the  veffel  where  the  temperature  is  40®,  re- 
tard each  others  motions,  and  thus  prevent  the  melting 
procefs  from  going  on  fo  rapidly  as  when  there  is  no 
defeending  current.  And  he  found  accordingly,  that 
when  the  cooling  of  the  water  above  was  retarded  by 
wrapping  up  the  jar  in  a warm  covering,  the  ice  melted 
fafter  ; and  when  the  cooling  above  was  accelerated,  it 
melted  flower.  It  is  evident,  that  in  the  one  cafe  the 
velocity  of  the  defeending  current  was  diminiftied,  in 
the  other  accelerated. 

Thus  it  has  been  completely  proved,  that  water  is  a 
non-condu(flor  of  caloric.  But  is  this  the  cafe  alfo  with 
other  liquids  ? 36 

When  water  was  frozen  in  a glafs  jar  by  means  of  a OH  an 
freezing  mixture,  Count  Rumford  obferved,  that  the  ice  niercu 
firft  began  to  be  formed  at  the  fides,  and  gradually  in- 
creafed  in  thicknefs ; and  that  the  water  on  the  axis  of 
the  veffel,  which  retained  its  fluidity  longeft,  being  com- 
preffed  by  the  expanfion  of  the  ice,  was  forced  up- 
wards, and  when  completely  frozen  formed  a pointed 
projediion  or  nipple,  which  was  fometimes  half  an  inch 
higher  than  the  reft  of  the  ice.  Upon  ice  frozen  in  this 
manner,  he  poured  olive  oil,  previoufly  cooled  down  to 
32'’,  till  itftood  at  the  height  of  three  inches  above  the 
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ice.  The  veflel  was  furrounded  as  high  as  the  ice  with 
a mixture  of  pounded  ice  and  water.  A folid  cylinder 
of  wrought  iron,  i;|th  inch  in  diameter  and  12  inches 
long,  provided  with  a hollow  cylindrical  (heath  of  thick 
paper,  was  heated  to  the  temperature  of  210°  in  boil- 
ing water ; and  being  fuddenly  introduced  into  its 
(heath,  was  fufpended  (rom  the  ceiling  of  the  room,  and 
very  gradually  let  down  into  the  oil,  until  the  middle  of 
the  flat  furface  of  the  hot  iron,  which  was  diredtly  above 
the  point  of  conical  projeftion  of  the  ice,  was  diftant 
from  it  only  -rVhs  of  an  inch.  The  end  of  the  (heath 
defcended  i%th  of  an  inch  lower  than  the  end  of  the  hot 
metallic  cylinder.  Now  it  is  evident,  that  if  olive  oil 
was  a condudor,  caloric  would  pafs  down  through 
it  from  the  iron  and  melt  the  ice.  None  of  the  ice, 
however,  was  melted  ; and  when  mercury  wasfubftitu- 
ted  for  oil,  the  refult  was  jull  the  fame;*  confequently 
it  follows,  that  neither  oil  nor  mercury  is  a condudtor  of 
heat.  We  may  conclude,  therefore,  with  Count  Rum- 
ford,  that  this  is  the  cafe  with  liquids  in  general. 

Sennebier  obferved  fome  lime  ago,  that  air  was  a very 
bad  condudtor  of  caloric,  and  that  it  refilled  every 
change  of  temperature  very  much.*  But  it  was  referv- 
• ed  for  Count  Rumford  to  prove,  that  it  conducted  it 
at  all  only  by  the  internal  motions  of  its  particles,  or 
that  it  was  in  fadl  a non-conducior^  exaiflly  in  the  fenfe 
that  liquids  are  non-condudlors.*  This  he  eftabli(hed 
by  (hewing,  that  whatever  tended  to  obftruft  or  impede 
the  internal  motions  of  its  particles,  diminilhed  its  con- 
dudting  power.  By  mixing  with  a quantity  of  air  xVh 
of  its  bulk  of  eiderdown,  he  diminilhed  its  conducing 
power  more  than  one  half.  The  warmth  of  furs  and 
feathers  and  filk  depends  on  a very  ftrong  attraction 
between  them  and  air,  which  is  therefore  confined  in 
their  interftices,  and  thus  the  caloric  prevented  from 
paffing  out  of  the  body.  A fmgk  metallic  cover  to  a 
boiler  in  a (hort  time  grew  fo  hot  that  it  could  not  be 
touched,  while  another  of  exadtly  the  fame  form,  but 
double,  with  a quantity  of  air  confined  in  the  middle, 
fcarcely  felt  hot  J.  There  can  be  no  doubt  that  all  the 
gafes  are  alfo  non-conduclors ; and  Count  Rumford  has 
proved  the  fame  thing  of  fteam  by  the  following  expe- 
riment, which  we  (liall  relate  in  his  own  words  f : 

A large  globular  bottle  being  provided,  of  very 
thin  and  vary  tranfparent  glafs,  with  a narrow  neck, 
and  its  bottom  drawn  inward  fo  as  to  form  a hollow  he- 
mifphere  about  6 inches  in  diameter  ; this  bottle,  which 
was  about  8 inches  in  diameter  externally,  being  filled 
with  cold  water,  was  placed  in  a (hallow  diih,  or  rather 
plate,  about  10  inches  in  diameter,  with  a flat  bottom 
formed  of  very  thin  (heet  brafs,  and  raifed  upon  a tri- 
pod, and  which  contained  a fmall  quantity  (about  T%ths 
of  an  inch  in  depth)  of  water  ; a fpirit  lamp  being  then 
placed  under  the  middle  of  this  plate,  in  a very  few  mi- 
nutes the  water  in  the  plate  began  to  boil,  and  the  hol- 
low formed  by  the  bottom  of  the  bottle  was  filled  with 
clouds  of  (learn,  which,  after  circulating  in  it  with  fur- 
priling  rapidity  4 or  5 minutes,  and  after  forcing  out  a 
good  deal  of  air  from  under  the  bottle,  began  gradual- 
ly to  clear  up.  At  the  end  of  8 or  10  minutes  (when, 
as  I fuppofed,  the  air  remaining  with  the  fteam  in  the 
hollow  cavity  formed  by  the  bottom  of  the  bottle  had 
acquired  nearly  the  fame  temperature  as  that  of  the 
fteam)  thefe  clouds  totally  difappeared;  and  though 


the  water  continued  to  boil  with  the  utmoft  violence, 
the  contents  of  this  hollow  cavity  became  fo  perfeiftly 
invifible,  and  fo  little  appearance  was  there  of  fteam, 
that,  had  it  not  been  for  the  dreams  of  water  which 
were  continually  running  down  its  fides,  I fliould  ah 
mod  have  been  tempted  to  doubt  whether  any  fteam 
was  aftually  generated. 

“ Upon  lifting  up  for  an  inftant  one  fide  of  the 
bottle,  and  letting  in  a fmaller  quantity  of  cold  air,  the 
clouds  inftantly  returned,  and  continued  circulating  fe-- 
veral  minutes  with  great  rapidity,  and  then  gradually 
difappeared  as  before.  This  experiment  was  repeated 
feveral  times,  and  always  with  the  fame  refult;  the 
fteam  always  becoming  vifible  when  cold  air  was  mixed 
with  it,  afid  afterwards  recovering  its  tranfparency 
when,  part  of  this  air  being  expelled,  that  which  re- 
mained had  acquired  the  temperature  of  the  fteam. 

“ Finding  that  cold  air  introduced  under  the  bottle 
caufed  the  fteam  to  be  partially  condenfed,  and  clouds 
to  be  formed,  I was  defirous  of  feeing  what  vifible  ef-. 
feels  would  be  produced  by  introducing  a cold  folid 
body  under  the  bottle.  I imagined  that  if  fteam  was  a 
condu6lor  of  hear,  fome  part  of  the  heat  in  the  fteam 
pafting  out  of  it  into  the  cold  body,  clouds  would  of 
courfe  be  formed  ; but  I thought  if  fteam  was  a non- 
condudtor  of  heat,  that  is  to  fay,  if  one  particle  of  fteam 
could  not  communicate  any  part  of  its  heat  to  its  neigh-. 
bouring  particles,  in  that  cafe,  as  the  cold  body  could 
only  affecl  the  particles  of  fteam  adlually  in  contad  with 
it,  no  cloud  would  appear,  and  the  refult  of  the  expe- 
riment (hewed  that  fteam  is  in  fad  a non  condudor  of 
heat  ; for,  notwithftanding  the  cold  body  ufed  irt  this 
experiment  was  very  large  and  very  cold,  being  a folid 
lump  of  ice  nearly  as  large  as  an  hen’s  egg,  placed  in 
the  middle  of  the  hollow  cavity  under  the  bottle,  upon 
a fmall  tripod  or  (land  made  of  iron  wire  ; yet  as  foon 
as  the  clouds  which  were  formed  in  confequence  of  the 
unavoidable  introdudion  of  cold  air  in  lifting  up  the 
bottle  to  introduce  the  ice,  were  diftipated,  which  foon 
happened,  the  fteam  became  fo  perfedly  tranfparent 
and  invifible,  that  not  the  fmalleft  appearance  of  cloudi- 
nefs  was  to  be  feen  anywhere,  not  even  about  the  ice, 
which,  as  it  went  on  to  melt,  appeared  as  clear  and  as. 
tranfparent  as  a piece  of  the  fineft  rock  cryftal.”  Thus, 
then,  it  appears,  that  all  elaftic  fluids  are  non-condudors 
as  well  as  liquids. 

6.  If  equal  quantities  of  water  and  of  mercury  be 
placed  at  the  fame  diftance  from  a fire,  the  mercury  will  ^64 
become  hot  much  fooner  than  the  water.  After  a fuf-  Specific  ca, 
ficient  interval,  however  both  of  them  acquire  the  l°nc  of  bo- 
fame  temperature.  Now  caloric  flows  into  all  bodies  wbat, 
while  they  continue  of  a lower  temperature  than  thofe 
around  them,  and  it  flows  with  equal  rapidity  into  all 
bodies  of  the  fame  conduding  powers,  as  is  the  cafe 
with  thefe  twm  fluids : But  if  equal  quantities  of  caloric 
were  conftantly  flowing  into  the  mercury  and  the  water, 
and  yet  the  water  took  a longer  time  to  become  hot 
than  the  mercury,  it  muft  require  a greater  quantity  of 
caloric  to  raife  w'ater  to  a given  temperature  than  it  does 
to  raife  mercury.  Bodies  that  require  a greater  quan- 
tity of  caloric  to  raife  them  to  a particular  temperature 
than  other  bodies  require,  are  faid  to  have  a greater  ca- 
pacity for  caloric.  That  the  capacity  for  caloric  is  dif- 
ferent in  different  bodies,  was  firft  obferved  by  Dr  Black. 

Dr 
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Dr  Irvine  afterw’’ards  Invelligated  the  fubjeft,  and  Dr 
Crawford  publilhed  a great  number  of  experiments  on 
it  in  his  Treatlfe  on  Heat.  ProfelTor  Wilcke  of  Stock- 
holm, alfo  difcovered  the  fame  property  of  bodies.  He 
called  the  quantity  of  caloric  necelfary  to  raife  the  tem- 
perature of  fubftances  a given  number  of  degrees,  their 
fpecific  caloric  ; a term  which  we  (hall  alfo  employ,  be- 
caufe  the  phrafe  capacity  for  caloric  is  liable  to  a great 
deal  of  ambiguity,  and  has  introduced  confufion  into 
this  f.ibjeift  (f).  If  two  fubftances  of  unequal  tempe- 
ratures, as  water  at  100°  and  alcohol  3150°,  be  mixed 
together,  the  mixture  will  be  of  a temperature  diflterent 
both  from  that  of  the  water  and  the  alcohol,  the  water 
will  become  colder  and  the  alcohol  hotter  : the  water 
will  give  out  caloric  to  the  alcohol  till  both  are  reduced 
to  the  fame  temperature.  Now  if  it  requires  juft  as 
much  caloric  to  raife  alcohol  a certain  number  of  de- 
grees as  it  does  to  raife  water  the  fame  num-ber,  that  is, 
if  thefe  two  fluids  are  of  the  fame  fpecific  caloric,  it  is 
evident  that  the  temperature  of  the  mixture  will  be  juft 
75°  ; for  as  foon  as  the  water  has  given  out  25°  of  ca- 
loric, the  alcohol  has  acquired  25®,  confequently  both 
w’ill  be  reduced  to  the  fame  temperature,  and  will  re- 
main ftationary  ; but  if  the  fpecific  caloric  of  the  wa- 
ter be  greater  than  that  of  the  alcohol,  the  tempera- 
ture of  the  mixture  will  be  higher  than  75°  : for  25*^ 
of  caloric  in  that  cafe  would  raife  alcohol  more  than 
25”.  If  the  fpecific  caloric  of  water  be  fo  much  great- 
er than  that  of  alcohol,  that  what  raifes  water  20®  will 
raife  alcohol  30°  ; then  the  temperature  after  mixture 
will  be  80®,  becaufe,  when  the  water  has  given  out  20°, 
the  alcohol  wall  have  rifen  30°,  and  of  courfe  both  will 
be  of  the  fame  temperature.  On  the  contrary,  if  the 
fpecific  c.aloric  of  alcohol  were  greater  than  that  of  wa- 
ter, the  temperature  of  the  mixture  would  be  under  75®. 
If  the  fame  quantity  of  caloric  that  raifed  alcohol  20®, 
railed  water  30®,  then  the  temperature  of  the  mixture 
would  be  70°.  Thus  the  ratios  of  the  fpecific  cal*oric 
of  bodies  may  be  difcovered  by  mixing  them  together 
at  different temperatures(  18). 

The  firft  fet  of  experiments  on  this  fubjeft,  in  point 
of  time,  were  probably  thofe  of  Mr  Wilcke.  They 
were  firft  publilhed  in  the  Stockholm  Tranfaftions  for 
1781,  but  had  been  made  long  before.  The  manner  in 
which  they  were  conduced  is  exceedingly  ingenious, 
and  they  furnifh  us  with  the  fpecific  caloric  of  many  of 
the  metals.  The  metal  on  which  the  experiment  was 


to  be  made  was  firft  weighed  accurately  (generally  one  Caloric, 
pound  was  taken),  and  then  being  fufpended  by  a 
thread,  was  plunged  into  a large  vefl'el  of  tinplate,  filled 
with  boiling  water,  and  kept  there  till  it  acquired  a 
certain  temperature,  which  was  afcertained  by  a ther- 
mometer. Into  another  fmall  box  of  tinplate  exadlly  as 
much  w.iter  at  32®  was  put  as  equalled  the  weight  of 
the  metal.  Into  this  veffel  the  metal  was  plunged,  and 
fufpended  in  it  fo  as  not  to  touch  its  fides  or  bottom  ; 
and  the  degree  of  heat,  the  moment  the  metal  and  wa- 
ter were  reduced  to  the  fame  temperature,  was  marked 
by  a very  accurate  thermometer.  He  then  calculated 
what  the  temperature  would  have  been  if  a quantity  of 
water  equal  in  ‘weight  to  the  metal,  and  of  the  fame 
temperature  with  it,  had  been  added  to  the  ice-cold 
water  inftead  of  the  metal. 

Let  M be  a quantity  of  water  at  the  temperature  C, 
tn  another  quantity  at  the  temperature  c,  and  let  their 
common  temperature  after  mixture  be  x ; according  to 

a rule  demon ftrated  long  ago  by  Richman,a;=^^^dl!^. 

In  the  prefent  cafe  the  quantities  of  water  are  equal, 
therefore  M and  m are  each  =:  i ; C,  the  temperature 

of  the  ice-cold  water  = 32  : therefore  ^ ^ ^ 

M-f  ' 

= 2 + c ^ temperature  of  the  metal. 

2 

Therefore  if  32  be  added  to  the  temperature  of  the  me- 
tal, and  the  whole  be  divided  by  2,  the  quotient  will  ex- 
prefs  the  temperature  of  the  mixture,  if  an  equal  weight 
of  water  with  the  metal,  and  of  the  fame  temperature 
with  it,  had  been  added  to  the  ice-cold  water  inftead 
of  the  metal. 

He  then  calculated  what  the  temperature  of  the  mix- 
ture would  have  been  if,  inftead  of  the  metal,  a quantity 
of  water  of  the  fame  temperature  with  it,  and  equal  to 
the  metal  in  bulk,  had  been  added  to  the  ice-cold  water. 

As  the  weights  of  the  ice-cold  water  and  the  metal  are 
equal,  their  volumes  are  inverfely  as  their  fpecific  gravi- 
ties. Therefore  the  volume  of  ice-cold  water  is  to  a 
quantity  of  hot  water  equal  in  volume  to  the  metal, 
as  the  fpecific  gravity  of  the  metal  to  that  of  the  water. 

Let  M = volume  of  cold  water,  m z=  volume  of  hot 
water,  g = fpecific  gravity  of  the  metal,  i = fpecific 
gravity  of  water  j then  m : M ; : 1 ig  y hence 

m er 


(f)  The  term  fpecific  caloric  been  ufed  in  a diflferent  fenfe  by  Seguin.  He  ufed  it  for  the  wiio/f  ra/or/r 
which  a body  contains. 

(18)  This  appears  to  me  to  be  by  no  means  a juft  method  of  judging  of  the  fpecific  caloric  of  bodies  even 
w’hen  it  can  be  pradlifed.  The  very  foundation  is  error.  It  is  confidering  the  properties  of  the  conftituent 
principles  by  that  of  the  compound.  This  never  can  be  done  with  certainty  and  in  this  particular  cafe  fads 
prove  it  to  be  peculiarly  erroneous.  According  to  the  principles  of  this  tejl,  if  any  two  fubftances  were  mixed 
together  at  the  fame  temperature  the  compound  v/ould  be  of  the  fame  temperature  as  each  of  them  would  have 
a fufficiency  of  caloric  to  maintain  them  juft  at  that  temperature.  Let  us  combine  fulphuric  acid  and  water, 
and  water  and  muriat  of  ammoniac,  at  equal  temperatures,  and  obferve  what  takes  place.  In  the  firft  cafe  the 
temperature  is  much  encreafed  and  in  the  other  decreafed.  Why  do  thefe  changes  take  place  ? Becaufe  the 
compound  is  not  of  a rnean  fpecific  caloric  to  the  conftituent  principles.  No  inference  from  its  temperature 
therefore  can  be  drawii  as  to  the  fpecific  caloric  of  thofe  principles.  T.  P.  S. 


« ^ =(M  being  made  = i)_i.  Subftituting 

S g 

this  value  of  m In  the  formula,  MC  + me  — ie 

M + 

which  M = I and  C = 32,  j<  will  be  = 

g ^ 

Therefore  if  the  fpecific  gravity  of  the  metal  be  multi- 
plied by  32,  and  the  temperature  of  the  metal  be  ad- 
ded, and  the  fum  be  divided  by  the  fpecific  gravity  of 
the  metal  + i,  the  quotient  will  exprefs  the  tempera- 
ture to  which  the  ice-cold  water  would  be  raifed  by  ad- 
ding to  it  a volume  of  water  equal  to  that  of  the  metal, 
and  cf  the  fame  temperature  with  it. 

He  then  calculated  how  much  water  at  the  tempera- 
ture of  the  metal  it  wmuld  take  to  raife  the  ice-cold  wa- 
ter the  fame  number  of  degrees  which  the  metal  had 
raifed  it.  Let  the  temperature  to  w’hich  the  metal  had 
raifed  the  ice-cold  water  be  = N,  if  In  the  formula 

+ = «,  X be  made  = N,  M = i,  C = 32, 

M + »» 


m 


will  be  = 


N — 32 


Therefore  if  from  the  tempera- 


<7  — N 

ture  to  which  the  ice-cold  water  was  raifed  by  tire  metal 
32  be  fubtracfled,  and  if  from  the  temperature  of  the 
.metal  be  fubtrafted  the  temperature  to  which  It  raifed 
the  water  and  the  firft  remainder  be  divided  by  the 
la  ft,  the  quotient  will  exprefs  the  quantity  of  water  of 
the  temperature  of  the  metal  which  would  have  raifed 
the  Ice-cold  water  the  fame  number  of  degrees  that  the 
metal  did. 

Now  L-expreffes  the  fpecific  caloric  of  the  me- 

e — N 

tal,  that  of  water  being  e:::  i.  For  (negledHng  the 
fmall  difference  occafioned  by  the  difference  of  tempera- 
ture) the  weight  and  volume  of  the  ice-cold  water  are 
to  the  weight  and  volume  of  the  hot  water  as  i to 

and  the  number  of  particles  of  water  in  each 

c — N 

are  in  the  fame  proportion.  But  the  metal  is  equal  in 
weight  to  the  ice-cold  w'ater;  it  muft  therefore  contain 
as  many  particles  of  matter  ; therefore  the  quantity  of 
matter  in  the  metal  muft  be  to  that  in  the  hot  water,  as 

I to  But  they  give  out  the  fame  quantity  of 

c — N 

caloric  ; w'hich,  being  divided  equally  among  their  par- 
ticles, gives  to  each  particle  a quantity  of  caloric  in- 
verfely  as  the  bulks  of  the  metal  and  water  ; that  is, 
the  fpecific  caloric  of  the  water  is  to  that  of  the  metal 

N-3^  (g). 


as  1 to . 


N 


g. 

We  lhall  now  ive  a fpecimen  or  two  of  his  experi- 
ments, and  the  calculations  founded  on  them,  as  above 
deferibed. 


Gold.  Specijic  Gravity  19,040. 


Num- 
ber of 
expe- 
ri- 
ments: 

Tempe- 
rature of 
the  me- 
tal. 

Tempe- 
rature to 
which 
the  me- 
tal raifed 
the  water 
at  32°.. 

Temper,  to 
which  it 
would  have 
been  raifed 
by  a quanti- 
ty of  water 
equal  in 
weight  and 
heat  to  the 
metal. 

Tempera- 
ture to 
which  it 
would  have 
been  raifed 
by  water  e- 
qual  in  bulk 
and  tempe- 
rature to  the 
metal. 

Denomina- 
tor of  the 
fraeSlions 

I 

N— 3a  

■ - -=a:— N, 
IT— N 

N-32 
the  numera- 
tor being  i. 

I 

163,40 

38,3° 

97.7° 

38.555° 

19.857 

2 

I44>5 

37.4 

88,25 

37.58 

19.833 

3 

127,4 

36,5 

79>7 

36,68 

20,500 

4 

118,4 

3^>o5 

75.2 

36,15 

20,333 

5 

103,1 

35»6 

65.75 

35.42 

18,750 

6 

95 

34.45 

63.5 

35,06 

' 19,000 

Mean  19,712 


Lead.  Specific  Gravity  11,456. 


Num-, 
ber  of 
experi- 
ments. 

Tempe- 
rature of 
the  me- 
tal. 

Tempe- 
rature to 
which 
the  me- 
tal raifed 
thewater 
at  32°. 

Tempera- 
ture to 
which  the 
waterwould 
have  been 
raifed  by  a 
quantity  of 
water  equal 
in  weight 
and  heat  to 
the  metal. 

Tempera- 
ture to 
which  the 
waterwould 
have  been 
raifed  by 
water  equal 
in  bulk  and 
temperature 
to  the  me- 
tal. 

Denomina- 
tor of  the 
fraction 
I 

f— N 

N — 32 

I 

186,8 

38,3 

109,4 

44.425 

23.571 

2 

00  . 
0 

37.85 

106,7 

43.473  , 

24.538 

3 

165,2 

37.4 

98,6 

42,692 

23,666 

4 

163,4 

37.4 

97.7 

42,548 

23.333 

5 

136.4 

36,5 

84,2 

40.344 

22,200 

6 

131 

36,05 

81,5 

39.947 

24,700 

7 

126,5 

36,05 

79.25 

39.585 

22,333 

8 

107,6 

35,15 

69,8 

38,339 

23,000 

9 

94.1 

34.7 

62,0c 

;6,q8? 

2 2.000 

Mean  23,515 


It 


(g)  We  have  altered  all  thefe  formulas  to  make  them  correfpond  with  Fahrenheit’s  thermometer.  They  arc 
a good  deal  fimpler  when  the  experiments  are  made  with  Celfius’s  thermometer  as  Mr  Wilcke  did.  In  it  the 
freezing  point  is  zero;  and  confequently  inftead  of  32  in  the  formula,  o is  always  fubftituted. 
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Caloric.  It  is  needlefs  to  add,  that  the  laft  column  marks  the 
denominator  of  the  fpecific  caloric  of  the  metal ; the 
numerator  being  always  i,  and  the  fpecific  caloric  of 
water  being  i.  Thus  the  fpecific  caloric  of  gold  is 

In  exactly  the  fame  manner,  and  by  taking 

a mean  of  a number  of  experiments  at  different  tempe- 
ratures, did  Mr  Wilcke  afcertain  the  fpecific  caloric  of 
a number  of  other  bodies.  He  afcertained  at  the  fame 
time,  that  the  fpecific  caloric  of  a body  did  not  vary 
with  the  temperature,  but  continued  always  the  fame. 
This  will  appear  evident  from  the  experiments  on  gold 
and  lead  above  exhibited. 

Crawford,  Next,  in  point  of  time,  and  not  inferior  in  ingenious 
contrivances  to  enfure  accuracy,  were  the  experiments 
of  Dr  Crawford,  made  by  mixing  together  bodies  of 
different  temperatures.  Thefe  were  publifhed  in  his 
267  Treatife  on  Heat. 

Lavoifier  Several  experiments  on  the  fpecific  caloric  of  bodies 
and  La  were  made  alfo  by  Lavoifier  and  De  la  Place,  which, 
Place,  from  the  well-known  accuracy  of  thefe  philofophers, 
cannot  but  be  very  valuable. 

Their  method  was  exceedingly  fimple  and  ingenious  ; 
it  was  firfl  fuggefted  by  De  la  Place.  An  inftrument 
was  contrived,  to  which  Lavoifier  gave  the  name  of  ca- 
lorimeter. It  confifts  of  three  circular  veflels  nearly  in- 
fcribed  into  each  other,  fo  as  to  form  three  different  ap- 
partments,  one  within  the  other.  Thefe  three  we  fhall 
call  the  interior,  middle,  and  external  cavities.  The  in- 
terior cavity  f jf f (fee  fedlion  of  the  inftrument  fig.  4.), 
into  which  the  fubftances  fubmitted  to  experiment  are 
put,  is  compofed  of  a grating  or  cage  of  iron  wire,  fup- 
ported  by  feveral  iron  bars.  Its  opening  or  mouth  LM 
is  covered  by  the  lid  HG,  which  is  compofed  of  the 
fame  materials.  The  middle  cavity  bbhb  is  filled  with 
ice.  This  ice  is  fupported  by  the  grate  m m,  and  un- 
der the  grate  is  placed  a fieve.  The  external  cavity 
aa  a a \%  alfo  filled  with  ice.  We  have  mentioned  al- 
ready, that  no  caloric  can  pafs  through  ice.  It  can  en- 
ter ice,  indeed,  but  it  remains  in  it,  and  is  employed  in 
melting  it.  The  quantity  of  ice  melted,  then,  is  a mea- 
fure  of  the  caloric  which  has  entered  into  the  ice.  The 
exterior  and  middle  cavities  being  filled  with  ice,  all  the 
water  is  allowed  to  drain  away,  and  the  temperature  of 
the  interior  cavity  to  come  down  to  32®.  Then  the 


I S T R Y.  p,rti 

fubftance,  the  fpecific  caloric  of  which  is  to  be  afcer-  Calori 
tained,  is  heated  a certain  number  of  degrees,  fuppofe 
to  212°,  and  then  put  into  the  interior  cavity  inclofed 
in  a thin  veffel.  As  it  cools,  it  melts  the  Ice  in  the  mid- 
dle cavity.  In  proportion  as  it  melts,  the  water  runs 
through  the  grate  and  fieve,  and  falls  through  the  co- 
nical funnel  c c d and  the  tube  x y into  a veffel  placed  ! 
below  to  receive  it.  The  external  cavity  is  filled  with 
ice,  in  order  to  prevent  the  external  air  from  approach-  ; 
ing  the  ice  in  the  middle  cavity  and  melting  part  of  it. 

The  water  produced  from  it  is  carried  off  through  the 
pipe  ST.  The  external,  air  ought  never  to  be  below 
32°,  nor  above  41°.  In  the  firft  cafe,  the  ice  In  the 
middle  cavity  might  be  cooled  too  low  ; in  the  laft,  a 
current  of  air  flows  through  the  machine  and  carries 
off  fome  of  the  caloric.  By  putting  various  fubftances 
at  the  fame  temperature  into  this  machine,  and  obferv- 
ing  how  much  ice  each  of  them  melted  in  cooling 
down  to  32®,  it  was  eafy  to  afcertain  the  fpecific  calo-  ! 

ric  of  each.  Thus,  If  water,  in  cooling  from  212  to  | 

32,  melted  one  pound  of  ice,  and  mercury  ,029  of  a 
pound  ; the  fpecific  caloric  of  water  was  one,  and  that 
of  mercury  ,029.  This  appears  by  far  the  fimpleft 
method  of  making  experiments  on  this  fubje<5l ; and 
mu  ft  alfo  be  the  moft  accurate,  provided  we  can  be  cer- 
tain that  all  the  melted  fnow  flows  into  the  receiver. 

But  from  an  experiment  of  Mr  Wedgewood,  one  would 
be  apt  to  conclude  that  this  does  not  happen.  He 
found  that  the  melted  ice,  fo  far  from  flowing  out,  ac- 
tually/roze  again,  and  choaked  up  the  paffage. 

A table  of  the  fpecific  caloric  of  various  bodies  was  And  lay 
likewife  drawn  up  by  Mr  Kirwan,  and  publifhed  by  wan*  » 
Magellan  in  his  Treatife  on  Heat. 

From  all  thefe  fources  we  have  drawn  up  the  follow-  Refuiii.f 
ing  table,  which  exhibits  at  one  view  the  fpecific  calo-  thefe  wp 
ric  of  thofe  bodies  on  which  experiments  have  hitherto  nients 
been  made. 

We  have  added  to  it  a column,  exprefling  the  fpeci- 
fic caloric  of  equal  bulks  of  the  fame  bodies  ; which 
fecms  to  be  a more  accurate  way  of  confidering  this 
fubjeift,  and  indeed  the  only  way  in  which  the  phrafe 
capacity  for  caloric  is  intelligible.  This  column  was 
formed  by  multiplying  the  fpecific  caloric  of  equal 
weights  of  the  various  fubftances  into  their  refpedive 
fpecific  gravities. 


TABLE 
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Caloric.  ^7.  If  a quantity  of  ice,  at  a low  temperature,  fup-  the  produdlon  of  fluidity  at  all.  The  fpecific  caloric  Caloric.' 

pofe  at  20®,  be  fufpended  in  a warm  room,  it  will  be-  of  water  is  indeed  greater  than  that  of  ice  ^ but  how  is  j -> 

Latent  ca-  come  gradually  lefs  cold,  as  may  be  difcovered  by  the  ice  converted  into  water  ? This  is  an  objedion 
loric,  or  means  of  a thermometer,  till  it  reaches  the  temperature  which  the  advocates  for  Dr  Irvine’s,  or  Dr  Crawford’s 

of  32°  ; but  there  it  flops.  The  ice,  however,  difiblves  theory  (as  it  has  been  improperly  called)  will  noteafdy  i 

flowly  ; and  at  the  end  of  feveral  hour.s,  when  it  is  all  anfwer.  Let  us  now  examine  whether  this  theory  ac-  ! 

jufl  melted,  the  thermometer  flili  flands  at  32®.  Af-  counts  for  the  apparent  lofs  of  caloric.  It  follows  from  ! 

ter  this  it  begins  to  rife,  and  foon  reaches  the  tempera-  Mr  Kirw^an’s  experiments,  that  the  fpeciSc  caloric  of  j 


ture  of  the  room.  Here  the  ice  continues  for  feveral 
hours  colder  than  the  air  around  it.  Caloric  mufl  then 
be  continually  flowing  into  it;  yet  it  does  not  become 
hotter  ; it  is  changed,  however,  into  water.  Ice  there- 
fore is  converted  into  water  by  a quantity  of  caloric 
uniting  with  it.  This  caloric  has  been  called  latent  ca- 
271  loric,  becaufe  its  prefence  is  not  indicated  by  the  ther- 
Caloric  of  mometer.  It  might,  peihaps  with  more  propriety,  as 
fluidity.  Profeffor  Pidet  obfervesf,  be  called  caloric  of  fluidity  ; 

for  there  are  other  cafes  in  which  caloric  exifls  in  bo- 
dies without  raifing  their  temperature.  This  very  im- 
portant difcovery  was  made  by  Dr  Black  as  early  as 
1757,  and  feems  to  have  led  the  way  to  all  the  fubfe- 
quent  difcoveries  in  this  part  of  chemiflry,  which  have 
almoft  completely  changed  the  appearance  of  the  fci- 
ence:  for  the  difcovery  that  caloric  may  exift  in  bodies 
while  the  thermometer  cannot  indicate  its  prefence,  is 
one  of  the  ftrongefl  links  in  the  chain  of  fads  by  which 
the  nature  ofcombuflion  was  afcertained. 

The  caloric  which  unites  with  ice,  and  renders  it 
fluid,  appears  again  during  the  ad  of  freezing.  If  a 
quantity  of  water  be  carried  into  a room  where  the 
temperature  is  below  the  freezing  point,  fuppofe  at  20® 
it  cools  gradually  down  to  32®  ; but  it  becomes  no 
colder  till  it  is  all  frozen,  which  takes  up  fome  time. 
The  moment  it  is  all  converted  into  ice,  it  begins  again 
to  cool,  and  foon  reaches  the  temperature  of  the  room. 
In  this  cafe  the  water  is  furrounded  by  a colder  atmof- 
phere  ; it  mufl  therefore  be  giving  out  caloric  conftant- 
ly ; yet  it  does  not  become  colder  till  it  is  all  frozen, 
that  is  to  fay,  till  it  has  lofl  all  its  caloric  of  fluidity. 

Dr  Black  proved,  by  a very  accurate  experiment, 
that  the  quantity  of  caloric  of  fluidity  is  fufficient  to  raife 
the  fame  quantity  of  water  140®. 

All  folids  become  fluid  by  abforbing  a quantity  of 
caloric.  Landriani  proved  that  this  is  the  cafe  with 
fulphur,  alum,  nitre,  and  feveral  of  the  metalsj  and  it 
^eur.  dt  found  to  be  the  cafe  with  every  fubflance  hither- 

Ihyf.  XXVI.  examined.  Fluidity,  therefore,  is  owing  to  a union 
between  the  folid,  and  a certain  quantity  of  caloric. 

The  late  Dr  Irvine  of  Glafgow  advanced  a theory  on 
this  fubjed  different  from  that  of  Dr  Black.  The  fpe- 
cific caloric  of  water  being  greater  than  that  of  ice,  it 
requires  a greater  quantity  of  caloric  to  raife  It  to  a 
given  temperature  than  it  does  to  raife  ice.  The  calo- 
ric does  not  therefore  become  latent  ; it  only  feems  to 
do  fo  from  the  greater  fpecific  caloric  of  water.  This 
theory  was  zealoufly  adopted  by  Dr  Crawford.  Dr 
Black  obferved  very  juflly  that  it  did  not  account  for 


water  is  to  that  of  ice  as  10  to  9 (i).  Dr  Black  ' 

proved  that  as  much  caloric  entered  the  ice  as  would  | 

have  raifed  it,  had  it  been  water,  140®.  Let  us  fup- 
pofe  that  it  would  only  have  raifed  the  ice  140®  ; in 
that  cafe  the  melted  ice  ought  to  have  been  of  the  tem- 
perature of  158®,  for  10  : 9 : : 140  : 126  ; but  it  was  I 

only  32°  : Therefore  126®  of  caloric  have  difappeared,  j 

and  cannot  be  accounted  for  by  the  change  of  fpecific 
caloric,  nor  can  the  accuracy  of  Dr  Black’s  experiment  | 

be  fufpeded  : it  has  been  repeated  In  every  part  of  the  \ 

world,  and  varied  In  every  poffible  way.  We  cannot  |j 

doubt,  therefore,  that  caloric  unites  with  fubftances,  I 

and  caufes  them  to  become  fluid,  or  that  there  is  in  fall  'J 

a caloric  of  fluidity  different  from  fpecific  caloric.  3^^  (I 

Water  alfo  is  converted  into  fleam  by  uniting  with  Caloric  of  4 
caloric.  Dr  Black  put  an  iron  veffel,  containing  four  evapora- 
ounces  of  water  at  the  temperature  of  53®,  upon  a caft-  jw 

iron  table  which  was  red  hot.  The  water  rofe  to  the 
boiling  point  in  three  minutes  ; but  it  did  not  after- 
wards  become  any  hotter.  It  evaporated,  however,  in *  * 

18  minutes  ; and  the  fleam  was  precifely  at  the  tempe-  f 

rature  of  212°.  During  the  firfl  three  minutes,  it  re-  X 

ceived  159°  of  caloric,  and  as  much  mufl  have  been  I 

entering  it  during  every  three  minutes  while  the  evapo-  5 

ration  continued,  as  the  temperature  was  always  much 
lower  than  that  of  the  table.  This  caloric,  inflead  of  ' 

raifing  the  temperature  of  the  water,  was  employed  in  ,• 

converting  it  into  fleam.  There  is  alfo,  therefore,  a | 

quantity  of  latent  caloric  in  fleam.  It  might,  as  Mr 
Piftetobferves,  be  called,  with  propriety,  caloric  of  eva- 
poration. This  caloric  appears  again  if  the  fleam  be 
condenfed.  If  it  be  made  to  pafs,  for  in  fiance,  through  ' 

a pipe  furrounded  with  cold  water,  it  is  condenfed  in 
the  pipe,  and  drops  out  from  it  in  the  form  of  water.  I 

The  caloric  of  the  fleam  enters  into  the  water  around  J 

the  pipe,  and  the  quantity  of  it  in  degrees  may  be  dif-  * 

covered  by  the  number  of  degrees  which  it  raifes  that  ’ t 

water.  By  an  experiment  of  this  kind,  it  was  proved,  ; / 

that  the  caloric  of  evaporation  would  be  fufficient  to 
heat  water  red  hot,  were  It  employed  only  in  raifing  its 
temperature,  inflead  of  converting  it  into  fleam.  It  is 
therefore  at  leafl  equal  to  800°.  Mr  Watt  fliewed  af- 
terwards that  it  was  920®. 

Even  fpontaneous  evaporation,  as  Dr  Black  firfl  ob- 
ferved, is  owing  to  the  fame  caufe.  And  this  explains 
why  bodies  cool  when  water  is  evaporated  from  their 
furface  ; a fatfl  which  has  long  been  known,  and  which 
has  been  employed  in  warm  countries  to  diminifh  the 
temperature  of  liquids,  and  even  to  convert  them  into 

ice 


(i)  We  do  not  knowhow  this  was  afcertained  ; Not  by  mixing  water  and  ice  furely  ; becaufe  that  would 
be  taking  for  granted  the  thing  to  be  proved  ; becaufe  It  would  give  a very  different  refult,  and  what  is  flili  worfe, 
the  fpecific  caloric  in  that  cafe  would  differ  according  to  the  temperature,  and  the  quantity  of  water.  To  give  I 
*Jnn.  dt  an  inflance  ; Mr  Gadolin  concludes,  from  180  experiments  made  by  mixing  hot  water  and  ice,  that  the  fpecific 

Cbim.  xi.  caloric  of  ice  is  to  that  of  water  only  as  i to  2*  ; and  had  he  varied  the  quantities  and  the  temperatures,  he 

*7-  might  have  obtained  feveral  other  ratios. 
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ice  (k).  That  water  is  evaporated  by  unitisg  with 
caloric,  and  not  by  folution  in  air,  has  been  proved 
very  completely  by  De  Luc  in  his  Treatife  on  Meteo- 
rology. 

The  evaporation  of  alcohol,  ether,  and  every  other 
fubdance  on  which  experiments  have  been  made,  has 
been  found  owing  to  the  fame  caufe.  Bodies,  there- 
fore, are  converted  into  vapour  by  uniting  with  caloric. 

8.  If  caloric,  as  has  been  (hewn,  exifts  in  bodies  at 
the  lowed  temperature  which  we  are  able  to  procure, 
and  if  it  exids  in  them  while  the  thermometer  cannot 
difcover  its  prefence — is  there  any  method  of  afcertain- 
ing  its  abfolute  quantity  in  bodies  ? At  what  degree 
would  a thermometer  ftand  (fuppofing  the  thermome- 
ter capable  of  meafuring  fo  low)  were  the  body  to 
which  it  is  applied  totally  deprived  of  caloric  ? or  what 
degree  of  the  thermometer  correfponds  to  the  real  zero  ? 

The  fird  perfon  (as  far  as  we  know),  at  lead  fince 
men  began  to  think  accurately  on  the  fubjefl,  who  con- 
ceived the  poffibility  of  determining  this  quedion,  was 
Dr  Irvine  of  Glafgow.  He  invented  a theorem  in  or- 
der to  afeertain  the  real  zero,  which  has,  we  know  not 
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for  what  reafon,  been  aferibed  by  feveral  writers  to  Mr 
Kirwan.  He  took  it  for  granted,  and  the  fadl  is  pro- 
ved by  all  the  experiments  hitherto  made)  that  the  fpe- 
cific  caloric  of  bodies  continued  the  fame  in  every  de- 
gree of  temperature,  as  long  as  they  remained  in  the 
fame  date,  that  is  to  fay,  as  long  as  they  continued  ei- 
ther folid  or  fluid,  or  in  a date  of  vapour : but  that  die 
fpecifle  caloric  of  the  fame  body  while  folid  was  lefs 
than  while  fluid,  and  lefs  while  fluid  than  while  in  a 
date  of  vapour.  He  took  it  for  granted  too,  that  the 
140  degrees  of  caloric  which  entered  ice  during  its  fo- 
lution without  raifing  its  temperature,  entered  merely 
in  confequence  of  the  increafed  fpecifle  caloric  of  the 
v/ater,  and  that  they  were  exadlly  proportional  to  this 
increafed  fpecifle  caloric.  He  took  it  for  granted,  like- 
wife,  that  the  fpecifle  caloric  of  bodies  was  proportional 
to  their  abfolute  caloric^  or  to  all  the  caloric  which  exi fl- 
ed in  each. 

On  thefe  data  he  reafoned  in  the  following  manner  ; 
Let  A be  a body  in  a date  of  fluidity  ; B the  fame  bo- 
dy in  a date  of  folidity.  If  the  fpecifle  caloric  of  A and 
of  B be  knov/n,  and  if  it  be  known  how  many  degrees 
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(k)  Galen  informs  us,  that  the  ancient  Egyptians  were  accudomed  to  put  water  previoufly  boiled  into  earthen 
Jars,  and  expofe  them  all  night  on  the  upper  part  of  their  houfes  to  the  air.  Before  funrife  thefe  vefiels  were  put 
into  the  ground  moidened  on  the  outfide  with  water,  and  then  furrounded  with  frefh  plants  ; by  which  means  the 
water  was  preferved  cool  during  the  whole  day.  Comment,  in  lib.  vi.  Hlppoc.  de  morbis  vulgar.  4.  10.  p.  396. 

By  a fimilar  procefs,  water,  in  the  Ead  Indies,  is  converted  into  ice. 

The  following  Angular  paflage,  which  has  been  pointed  out  to  us  by  the  ingenious  Dr  Barclay,  leeflurer  on 
anatomy  in  Edinburgh,  furnilhes  a driking  proof  that  the  ancients  were  led,  by  a very  different  method  of 
reafoning,  to  deduce  from  their  philofophical  theory  of  the  four  elements,  concluflons  concerning  the  nature  of 
heat,  not  very  different  from  thofe  of  the  moderns. 

“ Sic  enim  res  fe  habet,  ut  omnia,  quae  alantur,  et  quae  crefcant,  contineant  in  fe  vim  caloris ; fine  qua  neque 
all  poffent  nec  crefeere.  Nam  omne,  quod  ed  calidura  et  igneum,  cietur  et  agitur  motu  fuo  ; quod  autem  alitur 
ct  crefeit,  motu  quodam  utitur  certo  etaequabili ; qui  quandiu  remanet  in  nobis,  tamdiu  fenfus  et  vita  remanet : 
refrigerato  autem  et  extinflo  calore,  occidimus  ipfl  et  extinguimur.  Quod  quidem  Cleanthes  his  etiam  argu- 
ments docet,  quanta  vis  infit  caloris  inomni  corpore:  negat  enim  ullum  effe  cibum  tarn  gravem,  quin  is  nodle 
et  die  concoquatur  ; cujus  etiam  in  reliquiis  inefl  calor  his  quas  natura  refpuerit.  Jam  vero  vense  et  arteriae  mi- 
care  non  definunt,  quafi  quodam  igneo  motu  ; animadverfumque  faepe  ed,  cum  cor  animantis  alicujus  evolfum  ita 
mobiliter  palpitaret,  ut  imitaretur  igneam  celeritatem.  Omne  igitur  quod  vivit,  five  animal  five  terra  editum,  id 
vivit  propter  inclufum  in  eo  calorem.  Ex  quo  intellegi  debet,  earn  caloris  naturam,  vim  habere  in  fe  vitalem  per 
omnemmundum  pertinentem.  Atque  id  facilius  cernemus,  toto  genere  hoc  igneo,  quod  tranat  omnia,  fubtilius 
explicato.  Omnes  igitur  partes  mundi  (tangam  autem  maxumas)  calore  fultas  fuflinentur.  Quod  primiim  in 
terrena  natura  perfpici  poted.  Nam  et  lapidum  conflidlu  atque  tritu  elici  ignem  videmus  ; et  recent!  foffione 

terram  fumare  calentem  ; 

atque  etiam  ex  puteisjugibus  aquam  calidam  trahi,  et  id  maxume  fieri  temporibus  hibernis  quod  magna  vis  ca- 
loris, terrae  contineatur  cavernis  ; eaque  hieme  fit  denfior  ; obeamque  caulfam,  calorem  incitum  in  terris  conti- 
neat  ardtius. 

“ Longa  ed  oratio,  multaeque  rationes,  quibus  doceri  poflit  omnia,  qu«  terra  concipiat,  femina,  quaeque  ipfa  ex 
fe  generata  dirpibiis  infixa  contineat,  ea  temperatione  caloris  et  oriri  et  augefeere.  Atque  aquae  etiam  admixtum 
effe  calorem  primum  ipfe  liquor,  turn  aquae  declarat  effuflo  : quae  neque  conglaciaret  frigoribus,  neque  nive  prui- 
naque  concrefeeret,  nifi  eadem  fe  admixto  calore  liquefaicta  et  dilapfa  diffunderet.  Itaque  et  aquilonibus  reliquif- 
que  frigoribus  durefeit  humor  : et  idem  viciffim  mollitur  tepefadtus  et  tabefeit  calore.  Atque  etiam  maria  agita- 
ta ventis  ita  tepefeunt,  ut  intellegi  facile  poffit,  in  tantis  illis  humoribus  effe  inclufum  calorem.  Nec  enim  ille  ex- 
ternus  et  adventicius  habendus  ed  tepor,  fed  ex  intimis  maris  partibus  agitatione  excitatus  ; quod  nodris  quoque 
corporibus  contingit,  cum  motu  atque  exercitatione  recalefcunt.  Ipfe  verb  aer,  qui  natura  ed  maxume  frigidus, 
mlnime  ed  expers  caloris.  Ille  verb  et  multo  quidem  calore  admixtus  ed  : ipfe  enim  oritur  ex  refpiratione  aqua- 
rum  : earum  enim  quad  vapor  quidam  aer  habendus  ed.  Is  autem  exidit  motu  ejus  caloris,  qui  aquis  continetur. 
Quam  fimilitudinem  cerneie  poffumus  in  his  aquis,  qute  effervefeunt  fubditis  ignibus.  Jam  vcib  reliqua  quarta 
pars  mundi,  ea  et  ipfa  tota  natura  fervida  ed,  et  ceteris  naturis  omnibus  falutarem  inpertit  et  vitalem  calorem. 
Ex  quo  concluditur,  cum  omnes  mundi  partes  fudineantnr  calore,  mundum  etiam  ipfum  fimili  parique  natura  in 
tanta  diuturnitate  fervari : eoque  magis  qubd  intellegi  debet  calidum  illud  atque  igneum  ita  in  omni  fufum  effe 
natura,  ut  in  eo  infit  procreandi  vis  et  cauffa  gignendi,  a quo  et  animantia  omnia,  et  ea  quorum  dirpes  terra  con- 
tinentur,  et  nafei  fltneceffe  et  augefeere.  Cicero  de  natura  Deorum,  lib  ii.  c.  9,  et  10. 
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the  caloric,  difengaged  during  the  change  of  B into  A, 
would  raife  the  temperature  of  A,  it  may  be  found  by 
an  eafy  procefs  how  many  degrees  all  the  caloric  con- 
tained in  B would  raife  the  temperature  of  A ; and  the 
fum  of  thefe  two  numbers  will  reprefent  in  degrees  the 
whole  quantity  of  caloric  in  A : for  the  quantity  of 
caloric  in  A muft  be  juft  equal  to  the  caloric  in  B,  to- 
gether with  what  entered  into  it  in  paffing  from  the 
ftate  of  B to  that  of  A.  Let  the  fpecific  caloric  of  A 
be  6,  that  of  B i ; and  let  the  quantity  of  caloric  dif- 
engaged  during  the  change  of  A into  B be  fufficient  to 
raife  the  temperature  of  A 500°.  If  the  fpecific  calo- 
ric  be  proportional  to  the  abfolute  caloric,  it  muft  con- 
tain exaflly  6 times  as  much  caloric  as  B.  The  500° 
which  entered  into  A when  it  changed  its  ftate,  muft 
be  juft  5 times  as  great  as  all  the  caloric  of  B ; becaufe 
when  added  to  the  caloric  of  B,  it  formed  the  caloric 
in  A,  which  is  juft  6 times  as  great  as  the  caloric  in  B. 
Therefore  to  difcover  the  caloric  in  B,  we  have  only  to 
divide  500  by  5,  or,  which  is  the  fame  thing,  to  ftate 
this  proportion  6 — i : 500  : : i : 100.  The  caloric  in 
B,  therefore,  in  this  cafe  is  juft  as  much  as  would  raife 
the  temperature  of  A 100®-  Therefore,  if  to  100°,  the 
caloi  ic  of  B,  be  added  500°,  = caloric  difengaged  in  the 
palfage  of  A to  B,  this  will  give  600°,  = to  all  the  ca- 
loric in  A.  Therefore,  in  all  cafes,  the  diflference  be- 
tween the  numbers  exprefling  the  fpecific  caloric  of  the 
folid  and  fluid,  is  to  the  number  exprelTing  the  fpecific 
caloric  of  the  folid,  as  the  quantity  of  caloric  difengaged 
during  the  paflage  of  the  fluid  into  a folid  is  to  the 
quantity  of  caloric  in  the  fluid. 

Dr  Crawford  embraced  this  theorem ; and  concluded, 
from  a number  of  experiments  made  on  purpofe  to  af- 
certain  the  fadt,  that  the  real  zero  was  1268®  below  o, 
or  1300°  below  the  freezing  point. 

This  fubjedl  deferves  to  be  confidered  with  attention. 
If  this  theorem  in  fad!  furnifhes  us  with  the  real  zero, 
it  is  one  of  the  moft  important  difcoveries  which  has 
ever  been  made  in  chemiftry  ; but  if  it  proceeds  on  er- 
roneous principles,  it  will  only  involve  us  in  endlefs 
mazes  of  error  and  abfurdity. 

In  the  firft  place,  if  the  real  zero  has  any  meaning 
at  all,  it  muft  fignify  the  degree  to  which  the  thermo- 
meter (fuppofing  it  could  be  ufed)  would  fink  on  being 
applied  to  a body  which  contained  no  heat.  It  muft 
therefore  be  a fixed  point ; and  were  the  theorem  which 
we  are  examining  well  founded,  experiments  upon  every 
different  fubftance,  if  condudted  with  accuracy,  would 
lead  to  the  fame  refult.  Let  us  fee  whether  this  be  the  cafe. 

From  Dr  Crawford’s  experiments,  it  follows,  as  we 
have  feen,  that  the  real  zero  is  1268°  below  o. 

Mr  Kirwan,  from  comparing  the  fpecific  caloric  of 
water  and  ice,  fixed  the  real  aero  at  1048°  below  o. 

From  the  experiments  of  Lavoifier  and  La  Place  on 
a mixture  of  w'ater  and  quicklime,  in  the  proportion  of 
9 to  16,  it  follows,  that  the  real  zero  is  2736°  below  o. 

From  their  experiments  on  a mixture  of  4 parts  of 
fnlphuric  acid  and  3 parts  of  water,  it  follows,  that 
the  real  zero  is  5803,4“  below  o. 

Their  experiments  on  a mixture  of  4 parts  of  ful- 
phuric  acid  and  5 of  water,  place  it  at  2073,3®  below  o. 


Their  experiments  on  parts  of  nitric  acid  and  i 

lime,  place  it  at ■ below  32**, 

— 0,01783  ® 

Thefe  refults  differ  from  one  another  fo  enormoufly,  * • 

and  the  laft  of  them,  which  makes  the  real  zero  a nega-  | 

tive  quantity,  is  fo  abfurd,  that  they  are  alone  fufficient  ' 

to  convince  us  that  the  data  on  which  they  are  founded 
are  not  true.  Should  it  be  faid  that  their  difference  is 
not  owing  to  any  defeft  in  the  theorem,  but  to  inac- 
curacies in  making  the  experiments — we  anfwer,  that 
the  theorem  itfelf  is  founded  on  fimilar  experiments; 
and  if  experiments  of  this  nature,  even  in  the  hands  of 
the  moft  accurate  chemifts,  cannot  be  freed  from  fuch 
enormous  errors,  how  can  we  depend  on  any  confe- 
quences  deduced  from  them  ? and  where,  then,  is  our 
evidence  for  the  truth  of  the  theorem  i 

But,  farther,  there  is  no  proof  whatever  that  the 
fpecific  caloric  of  bodies  is  proportional  to  their  abfo- 
lute caloric.  The  fpecific  caloric  of  iron  is  greater  than 
that  of  water,  or  even  azotic  gas  ; yetfurely  it  is  very  ' 

improbable  that  iron  contains  more  abfolute  caloric  than  J 

either  of  thefe  fubftances. 

If  the  fpecific  caloric  of  bodies  has  any  meaning  at 
all,  it  can  only  be,  that  the  fame  quantity  of  caloric  < 

raifes  the  temperature  of  one  body  a greater  number  of  j 

degrees  than  it  does  another.  When  we  fay  that  the 
fpecific  caloric  of  A is  = 6,  and  that  of  B = i , what 
do  we  mean,  unlefs  that  the  quantity  of  caloric  which 
raifes  B 6°  raifes  A only  1°,  or  that  what  raifes  B 60“ 
or  600°,  raifes  A only  10“  or  100®?  When  we  fay  that 
the  fpecific  caloric  of  water  is  10,  and  that  of  ice  9,  do 
we  not  mean,  that  the  quantity  of  caloric  which  raifes  I 

the  ice  10®  or  100®,  raifes  water  only  9®  or  90®  ? Yet  ^ 

during  the  change  of  ice  into  water,  140®  of  caloric  en- 
ter it  without  raifing  its  temperature  ; a quantity  greater 
than  what  can  be  accounted  for  by  the  difference  of 
fpecific  caloric  by  126°.  The  quantity  that  difappears, 
therefore,  is  noi  proportional  to  the  difference  of  fpeci- 
fic caloric ; and  therefore  any  theory  which  depends 
on  that  fuppofition  cannot  be  well  founded.  When 
water  is  converted  intofteam,  800°  of  caloric  difappear; 
yet  the  fpecific  caloric  of  fteam  is  to  that  of  water,  ac- 
cording to  Dr  Crawford’s  own  experiments,  only  as 
155  to  100  : fo  that  no  lefs  than  283°  difappear,  which 
cannot  be  accounted  for  according  to  this  theory.  , 

Dr  Irvine’s  theorem,  therefore,  is  infufficient  for  af- And  fou  • 
certaining  the  real  zero ; and  hitherto  no  method  has  infufficb 
been  difcovered  which  can  folve  this  problem  (19). 

9.  If  there  be  no  body  without  caloric,  if  it  exifts  in  Caloric  ec 
different  quantities  in  different  bodies,  even  when  their  ifts  in  be i 
temperatures  are  the  fame,  and  while  the  thermometer  die* 
cannot  indicate  its  prefence — in  what  ftate  does  it  exift 
in  them  ? We  cannot  furely  fuppofe  that  it  is  contain- 
ed by  them  juft  as  water  is  contained  by  a veffel  of  wood 
or  metal,  or  that  they  are  filled  with  it  in  the  fame 
manner  that  a hollow  globe  of  tin-plate  perforated  with 
holes  is  filled  with  water  when  it  is  plunged  into  a 
quantity  of  that  liquid  ; or  that  bodies  are  filled  with 
caloric  merely  becaufe  they  are  immerfed  in  an  ocean  of 
caloric.  Were  that  the  cafe,  the  fpecific  and  abfolute 
caloric  of  bodies  would  always  be  proportional ; and  1 

they 


(19)  He  attempted  to  compute  the  real  zero  as  much  without  data,  as  a mathematician  w'ho  (hould  attempt 
to  compute  the  length  of  a line  by  knowing  that  part  of  it  was  an  inch  long,  without  knowing  the  proportion 
of  that  part  to  the  whole.  T.  P.  S. 
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they  would  of  neceffliy  be  inverfely  as  the  fpecific  gra- 
vity of  the  refpedtive  bodies;  becaufe  the  lefs  the  fpeci- 
fic gravity,  the  more  room  would  be  left  for  the  par- 
ticles of  caloric.  But  this  is  by  no  means  the  cafe : 
the  fpecific  gravity  of  iron,  for  inftance,  is  greater  than 
that  of  tin,  yet  the  fpecific  caloric  of  iron  is  more  than 
double  that  of  tin  : the  fpecific  gravity  of  oxygen  gas 
is  greater  than  that  of  common  air,  yet  the  fpecific  ca- 
loric of  the  firft  of  thefe  fubftances  is  more  than  three 
times  as  great  as  that  of  the  other.  There  mufi  be 
fomething,  therefore,  in  bodies  themfelves  quite  diflFe- 
rent  from,  and  unconnedted  with  the  vacuities  between 
their  particles,  which  difpofes  fome  to  admit  more  calo- 
ric than  others.  And  what  can  that  be  but  a difpofi- 
tion  in  different  bodies  to  unite  with  a greater  or  a 
fmaller  quantity  of  caloric,  and  to  retain  it  with  more 
or  lefs  firmnefs  according  to  their  affinity  for  it  ? Dr 
Black  pointed  out,  long  ago,  by  difcovering  latent  heat, 
that  caloric  unites  with  bodies ; and  this  feems  to  be 
the  only  real  key  for  unfolding  the  adtions  of  this  ex- 
traordinary fubftance.  If  caloric  be  matter,  can  it  be 
deftilute  of  that  property  which  all  other  matter  pof- 
feffes,  we  mean  attradfion  ? And  if  it  poffelfes  attradlion, 
mu  ft  it  not  combine  v.^ith  thofe  bodies  that  attradl  it 
juft  as  other  bodies  combine  with  each  other  ? Muft 
there  not  be  formed  a chemical  union  between  caloric 
and  other  fubftances,  which  can  only  be  broken  by  che- 
mical means,  by  prefenting  a third  body  which  has  a 
greater  affinity  either  for  the  caloric  or  the  body  to 
which  it  is  united,  than  they  have  for  each  other  ? 

That  it  unites  chemically  with  fome  bodies,  at  leaft, 
cannot  be  doubled ; as  we  have  ffiewn  already,  that  when- 
ever a folid  is  converted  into  a liquid,  a quantity  of  ca- 
loric enters,  and  remains  in  it;  and  that  both  the  folid 
and  the  caloric  lofe  their  charadleriftic  properties.  This 
is  precifely  what  takes  place  in  every  chemical  union. 
All  liquids,  therefore,  confift  of  folids  combined  with 
caloric.  We  have  feen,  too,  that  liquids  are  converted 
into  vapours  by  the  very  fame  procefs.  There  are  there- 
fore, at  leaft,  two  very  large  claffes  of  bodies  liquids  and 
vapours,  in  which  we  are  certain  that  caloric  exifts  in 
a ftate  of  chemical  combination. 

There  is  another  elafs  of  bodies  which  refemble  va- 
pours in  almoft  all  their  properties  ; thefe  are  the  gafes. 
Like  them,  they  are  invifible  and  elaftic,  and  capable 
of  indefinite  expanfion.  Is  it  not  probable,  then,  that 
the  gafes  alfo,  as  well  as  the  vapours,  owe  their  proper- 
ties to  caloric  ? that  they  alfo  confift  of  their  refpedtive 
bafes  combined  with  that  fubtile  fubftance  ? This  pro- 
bability has  been  reduced  to  certainty  by  an  experiment 
of  Lavoifier.  By  adding  two  tubes  to  the  calorimeter 
formerly  defcribed,  he  contrived  to  make  known  quan- 
tities of  air  to  pafs  through  the  interior  cavity,  and  to 
fupport  combuftion.  He  found,  that  when  a pound 
of  oxygen  gas  was  made  to  combine  in  this  manner 
with  pholphorus,  as  much  caloric  was  difengaged  as 
melted  874  pounds  of  ice'*.  Now  every  pound  of  ice 
abforbs  as  much  caloric  in  the  aft  of  melting  as  is  fuf- 
ficient  to  raife  a pound  of  water  140®.  Therefore  the 
whole  caloric  difengaged  was  fufficient  to  raife  a pound 
of  water  12250®.  All  this  could  not  have  come  from 
the  phofphorus,  becaufe  it  had  been  converted  into  a 
liquid,  and  muft  therefore  have  abforbed  inftead  of  part- 
ed with  caloric,  and  becaufe  the  quantity  of  caloric  dif- 
engaged  in  all  cafes  of  combuftion  is  proportional,  not 


to  the  combuftible,  but  to  the  oxygen  abforbed.  Oxy- 
gen gas,  then,  is  compofed  of  oxygen  and  caloric  : and 
if  this  be  the  cafe  with  one  gas,  why  not  with  all  ? 

We  may  conclude,  therefore,  that  the  gafes,  as  well 
as  liquids  and  vapours,  owe  their  form  to  the  caloric 
which  they  contain.  The  only  difference  between  them 
and  vapours  is,  that  the  latter  return  to  their  liquid 
ftate  by  the  mere  aflion  of  cold  ; whereas  moft  of  the 
gafes  refift  the  loweft  temperature  which  it  has  been 
poftible  to  apply.  It  was  natural  to  expect,  that  if  ca- 
loric combined  chemically  with  bodies,  its  affinity  would 
be  different  for  different  fubftances,  and  that  its  affinity 
for  fome  bodies  would  be  fo  great  that  it  would  not  leave 
them  to  combine  with  any  other.  It  was  natural  to  ex- 
pert this,  becaufe  it  is  the  cafe  with  every  other  fubftance 
with  which  we  are  acquainted.  The  difference,  then, 
between  the  gafes  and  vapours  is  not  furprifing.  The 
affinity  of  the  former  for  caloric  is  not  only  much  greater 
than  that  of  the  latter,  but  much  greater  than  that  of 
any  other  fubftances. 

It  is  owing  to  this  ftrong  affinity  between  oxygen, 
hydrogen,  and  azot  and  caloric,  that  they  cannot  be 
obtained  except  in  a gafeous  form  : and  we  fhall  defcribe 
feveral  other  fubftances  afterwards  exaiftly  in  the  fame 
circumftances.  Had  we  any  fubftance  poffeffed  of  a 
greatei  affinity  for  caloric  than  they  have,  we  fhould  be 
able,  by  prefenting  it,  to  deprive  them  of  their  gafeous 
form.  Doubtlefs  there  is  a difference  in  the  affinity 
between  thefe  bodies  themfelves  and  caloric  ; but  as  all 
of  them  are  already  faturated,  this  difference  cannot  be 
difcovered.  If  we  could  obtain  them  uncombined  with 
caloric,  that  is  to  fay,  in  a concrete  ftate,  it  would  be 
cafy  to  afcertain  this  point.  Suppofe,  for  inftance,  that 
hydrogen  had  the  ftrongeft  affinity  for  caloric , and  that 
we  poffeffed  it  in  a concrete  ftate — it  would  be  eafy,  by 
prefenting  it  to  the  other  gafes,  to  deprive  their  bafes 
of  the  caloric  with  which  they  are  united,  and  thus  to 
obtain  them  alfo  uncombined  with  any  other  fubftance. 

But  though  we  are  acquainted  with  no  fubftance  that 
has  a greater  affinity  for  caloric  than  the  bafes  of  the 
gafes,  there  are  many  fubftances  which  have  a greater 
affinity  for  thefe  bafes  than  caloric  has.  When  any 
fuch  fubftance  is  prefented,  the  bafe  combines  with  it, 
and  the  caloric  is  left  at  liberty.  Thus,  when  pholpho- 
rus is  prefented  to  oxygen  gas,  the  phofphorus  and  oxy- 
gen unite  together,  and  the  caloric  flies  off.  We  are 
now,  therefore,  able  to  anfwer  one  of  the  queftions  pro- 
pofed  at  the  end  of  thefecond  chapter.  Whence  comes 
the  caloric  which  appears  during  combuftion  ? It  is  fe- 
paraied  from  the  oxygen,  which  leaves  it  in  order  to  en- 
ter into  a new  combination. 

The  caloric  alfo,  which  fometimes  appears  when  two 
bodies  combine  together,  is  fet  at  liberty  exadtly  in  tire 
fame  manner.  When  fulphuric  acid  and  water,  for  in- 
ftance, are  mixed  together,  a very  confiderable  heat  is 
produced  ; a good  deal  of  caloric,  therefore,  becomes 
fenfible.  In  this  cafe,  the  water  combines  with  the 
acid,  and  at  the  fame  time  lets  go  the  caloric  with 
w'hich  it  was  formerly  combined,  and  becomes  denfer. 
In  the  fame  manner,  to  give  another  inftance,  when 
water  is  poured  upon  quicklime,  a very  great  quantity 
of  caloric  becomes  manifeft.  The  water  in  this  cafe 
combines  with  the  quicklime,  and  affurnes  a concrete 
form,  and  of  courfe  lets  go  the  caloric  with  which  it 
was  previoufly  united. 
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lo.  It  is  no  uncommon  thing  in  nature  to  obferve 
two  bodies,  after  combining  together,  manifefting  a 
much  Wronger  affinity  for  a third  body  than  either  of 
them  had  while  feparate.  Thus,  filver  has  no  percep- 
tible affinity  for  lulphuric  acid,  neither  has  oxygen  : 
but  unite  them  together,  and  they  combine  with  that 
acid  very  readily.  A great  many  inftances  of  the  fame 
kind  might  be  produced.  Were  there  fub (lances,  then, 
which,  after  combining  together,  have  a greater  affini- 
ty for  caloric  than  any  of  them  had  while  feparate,  this 
ought  not  to  furprife  us,  becaufe  the  fame  phenomenon 
is  often  obferved  in  other  bodies.  Now  this  is  adlually 
the  cafe  with  regard  to  caloric.  Mix  together,  for  in- 
ftance,  common  fait  and  fnow,  the  mixture  inllantly  be- 
comes liquid,  and  fo  cold,  that  it  (inks  the  thermometer 
down  to  zero.  In  this  cafe,  the  fnow  and  fait  united 
have  a much  (Ironger  affinity  for  caloric  than  either  of 
them  had  while  feparate  ; they  attract  it  therefore  from 
other  bodies  with  which  they  happen  to  be  in  contadl, 
till  they  have  obtained  a dolb  fufficient  for  their  fatura- 
tion  ; and  this  faturaiion  they  manifeft  by  becoming 
liquid.  It  is  for  this  reafon  that  all  falts  produce  cold 
during  their  folution  in  water,  when  the  freezing  point 
of  the  folution  formed  is  below  that  of  water.  All  fuch 
folutions  have  a (Irong  affinity  for  caloric  ; they  there- 
fore attradl  it  till  they  are  faturated,  which  appears  by 
their  becoming  fluid.  A number  of  experiments  have 
been  lately  made  in  order  to  procure  artificial  cold  by 
means  of  fuch  combinations.  The  moft  complete  fet 
of  experiments  of  that  nature  with  which  we  are  ac- 
quainted, is  thofe  of  Mr  Walker,  publilhed  in  the  Phi- 
lofophical  Tranfaftions  for  1 795.  We  (hall  prefent  the 
refult  of  his  experiments  in  the  following  table  : 


Table  of  Freezing  Mixtures. 


Mixtures. 

Thermometer  finks. 

Muriat  of  ammonia  5 parts. 

Nitre  - 5 

Water  - - 16 

From  50®  to  10°. 

Muriat  of  ammonia  5 

Nitre  - 5 

Sulphat  offoda  8 

Water  - 16 

Froin  50  to  4. 

Nitrat  of  ammonia  i 

Water  - i 

From  50  to  4. 

Nitrat  of  ammonia  i 

Carbonat  of  foda  i 

Water  - i 

From  50  to  7. 

Sulphat  of  foda  3 

Diluted  nitric  acid  2 

From  50  to  3. 

Sulphat  of  foda  6 

Muriat  of  ammonia  4 

Nitre  - 2 

Diluted  nitric  acid  4 

From  50  to  10. 

Sulphat  of  foda  6 

Nitrat  of  ammonia  5 

Diluted  nitric  acid  4 

From  50  to  14. 

Phofphat  of  foda  9 

Diluted  nitric  acid  4 

From  50  to  12. 
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Mixtures. 

Thermometer  finks. 

Phofphat  of  foda  9 parts. 

Nitrat  of  ammonia  6 

Diluted  nitric  acid  4 

From  50°  to  21°. 

Sulphat  of  foda  8 

Muriatic  acid  5 

From  50  to  0. 

Sulphat  of  foda  5 

Diluted  fulphuric  acid  4 

From  50  to  3. 

Snow  I 

Common  fait  i 

From  32  to  0. 

Snow  or  pounded  ice  2 
Common  fait  i 

From  0 to  — 5. 

Snow  or  pounded  ice  i 
Common  fait  - 5 

Muriat  of  ammonia  and 
nitre  - 5 

From  — 5 to  — 18. 

Snow  or  pounded  ice  12 
Common  fait  5 

Nitrat  of  ammonia  5 

From — 18  to  — 25. 

Snow  and  diluted  nitric  acid 

From  0 to  — 46. 

Snow  - - 2 

Diluted  fulphuric  acid  i 
Diluted  nitric  acid  i 

From  — 10  to — 56. 

Snow  - - I 

Diluted  fulphuric  acid  i 

From  20  to  — 60. 

Par 
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In  order  to  produce  thefe  effe<fls,  the  falts  employed 
mu(l  be  frefh  cryftallized,  and  newly  reduced  to  a very 
fine  powder.  The  velTels  in  which  the  freezing  mix- 
ture is  made  (hould  be  very  thin,  and  juft  large  enough 
to  hold  it,  and  the  materials  (hould  be  mixed  together 
as  quickly  as  poffible.  The  materials  to  be  employed 
in  order  to  produce  great  cold  ought  to  be  firft  redu- 
ced to  the  temperature  marked  in  the  table,  by  placing 
them  in  fome  of  the  other  freezing  mixtures  ; and  then 
they  are  to  be  mixed  together  in  a (iniilar  freezing  mix- 
ture. If,  for  inftance,  we  wi(h  to  produce  a cold 
= — 46,  the  fnow  and  diluted  nitric  acid  ought  to  be 
cooled  down  to  o,  by  putting  the  velfel  which  contains 
each  of  them  into  the  12th  freezing  mixture  in  the 
above  table  before  they  are  mixed  together.  If  a dill 
greater  cold  is  required,  the  materials  to  produce  it 
are  to  be  brought  to  the  proper  temperature  by  being 
previoufly  placed  in  the  fecond  freezing  mixture.  This 
procefs  is  to  be  continued  till  the  required  degree  of 
cold  has  been  procured^.  f Wd  , 

1 1 . From  the  fads  already  known  we  may  conclude, 
that  the  particles  of  caloric  have  two  properties,  that 
of  repelling  each  other,  and  of  attrading  and  being  at-  subfta ;» 
traded  by  other  fubftances.  As  there  is  no  body  in  which 
nature  which  does  not  contain  caloric,  we  may  fafely  tain  n 
conclude  that  there  is  no  body  in  nature  which  has  not  caloric 
an  affinity  for  it.  When  it  unites  with  bodies,  though 
the  repulfxon  of  its  particles  may  be  overcome  by  their 
attradion  for  the  particles  of  the  body,  and  by  the  at- 

tradion 
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i Caloric,  quamtity  of  caloric  ; and  we  know  for  certain  that  ca- 
loric  is  evolved  during  condenfation.  A thermometer 
placed  w'ithin  a condenfer  rlfes  feveral  degress  every 
■ t Dariv'm,  time  air  is  thrown  in  f . We  can  even  fee  a reafon  for 
Tra«/.  this.  When  the  particles  of  a body  are  forced  nearer 
7®^'  each  other,  iherepulfive  pow'er  of  the  caloric  combined 
with  them  is  increaled,  and  confequently  a part  of  It 
will  be  apt  to  fly  off.  Nowq  after  a bar  of  iron  has 
been  heated  by  the  hammer,  It  is  much  harder  and  brlt- 
tler  than  before.  It  muft  then  have  become  denfer, 
and  confequently  muft  have  parted  with  caloric.  It  Is 
an  additional  confirmation  of  this,  that  the  fame  bar 
cannot  be  heated  a fecond  time  by  percuftlon  until  it  has 
; been  expofed  for  fome  time  to  a red  heat.  It  is  too 

rf  brittle,  and  flies  to  pieces  under  the  hammer.  Now 

brittlenefs  feems  in  moft  cafes  owing  to  the  abfence  of 
I the  ufual  quantity  of  caloric.  Glafs  iinannealedi  or, 

f!  which  is  the  fame  thing,  that  has  been  cooled  very 

quickly,  is  always  extremely  brittle.  When  glafs  is  in 
! a ftate  of  fufion,  there  is  a vaft  quantity  of  caloric  ac- 

j cumulated  in  it,  the  repulfion  between  the  particles  of 

j which  muft  of  courfe  be  very  great ; fo  great  indeed, 

^ that  they  would  be  difpofed  to  fly  off  in  every  diredfion 

with  inconceivable  velocity,  were  they  not  confined  by 
an  unufually  great  quantity  of  caloric  in  the  furround- 
ing bodies ; confequently  if  this  furrounding  caloric  be 
I;  removed,  the  caloric  of  the  glafs  flies  off  at  once,  and 

I more  caloric  will  leave  the  glafs  than  otherwife  would 

; leave  it,  becaufe  the  velocity  of  the  particles  mud  be 

'■  greatly  increafed.  Probably  then  the  brittlenefs  of  glafs 

j!  is  owing  to  the  deficiency  of  caloric  ; and  we  can  fcarce- 

i‘  ly  doubt  that  the  brittlenefs  of  iron  is  owing  to  the  fame 

' caufe,  if  we  recoiled  that  it  is  removed  by  the  applica- 

J;  tion  of  new  caloric.  Part  therefore  of  the  caloric 

which  appears  in  confequence  of  percuflion  feems  to 
* proceed  from  the  body  ftruck  ; and  this  is  doubtlefs  the 

reafon  why  thofe  bodies,  the  denfity  of  which  is  not  in- 
creafed by  percuflion,  as  liquids  and  foftfubftances,  are 
306  not  heated  at  all. 

[.  nd  partly  We  fay  part  of  the  caloric,  becaufe,  often  at  leaft, 
1/  combuf-  part  of  it  is  probably  owing  to  another  caufe.  By  con- 
' denfation,  as  much  caloric  is  evolved  as  is  fufficient  to 

^ raife  the  temperature  of  fome  of  the  particles  of  the 

body  high  enough  to  enable  it  to  combine  with  the 
oxygen  of  the  atmofphere.  The  combination  adually 
takes  place,  and  a great  quantity  of  additional  caloric  is 
feparated  by  the  decompofition  of  the  gas.  That  this 
happens  during  the  collifion  of  flint  and  fteel  cannot  be 
doubted : for  the  fparks  produced  are  merely  fmall 
pieces  of  iron  heated  red  hot  by  uniting  with  oxygen 
during  their  paffage  through  the  air,  as  any  one  may 
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convince  himfelf  by  actually  examining  them.  Mr 
Lane  has  Ihewn  that  iron  produces  no  fparks  In  the 
vacuum  of  an  air-pump  ; but  Mr  Kirwan  has  obferved 
that  they  are  produced  under  common  fpring  water  ; 
and  we  know  that  iron  at  a certain  temperature  is  ca- 
pable of  decompofing  water. 

When  quartz,  rock-cryftal  (m),  or  other  very  hard 
ftones,  are  ftruck  againft  one  another,  they  emit  fparks. 
If  they  be  often  made  to  emit  fparks  above  a fheet  of 
white  paper,  there  are  found  upon  it  a number  of  fmall 
black  bodies,  not  very  unlike  the  eggs  of  flies.  Thefe 
bodies  are  hard  but  friable,  and  when  rubbed  on  the 
paper  leave  a black  ftain.  When  viewed  with  a mi- 
crofcope,  they  feem  to  have  been  melted.  Muriatic 
acid  changes  their  colour  to  a green,  as  it  does  that  of 
lavas.*  Thefe  fubftances  evidently  produced  the  fparks 
by  being  heated  red  hot.  Lamanon  (n)  fuppofes  that 
they  are  particles  of  quartz  combined  w'ith  oxygen. 
Were  that  the  cafe,  the  phenomenon  would  be  pre- 
cifely  fimilar  to  that  ^’hich  Is  produced  by  the  collifion 
of  flint  and  fteel.  That  they  are  particles  of  quartz 
cannot  be  doubted  ; but  to  fuppofe  them  combined  with 
oxygen  is  contrary  to  all  experience : for  thefe  ftones 
never  fhew  any  difpofition  to  combine  with  oxygen  even 
when  expofed  to  the  moft  violent  heat.  La  Metherie 
made  experiments  on  purpofe  to  fee  whether  Lamanon’s 
opinion  was  w'ell  founded  ; but  they  all  turned  out  unfa- 
vourable to  it.  And  Monge  afcertained,  that  the  par- 
ticles defcribed  by  Lamanon  were  pure  cryftal  unalter- 
ed, with  a quantity  of  black  pow'der  adhering  to  them. 
He  concludes  accordingly,  that  thefe  fragments  had 
been  raifed  to  fo  high  a temperature  during  their  paf- 
fage  through  the  air,  that  they  fet  fire  to  all  the  mi- 
nute bodies  that  came  in  their  way  f.  We  muft  there- 
fore either  fuppofe  that  all  the  caloric  was  produced  by 
mere  condenfation,  which  is  not  probable,  or  acknow- 
ledge that  we  cannot  explain  the  phenomenon. 

16.  Caloric  is  not  only  produced  by  percuflion,  but 
alfo  by  friftion.  Fires  are  often  kindled  by  rubbing 
pieces  of  dry  wood  fmartly  againft  one  another.  It  is 
well  known  that  heavy  loaded  carts  fometimes  take  fire 
by  the  friflion  between  the  axle-tree  and  the  wheel. 
Now  in  what  manner  is  the  caloric  evolved  or  accumu- 
lated by  friition  ? Not  by  increafing  the  denfity  of  the 
bodies  rubbed  againft  each  other,  as  happens  in  cafes  of 
percuflion  ; for  heat  is  produced  by  rubbing  fpft  bodies 
againft  each  other,  the  denfity  of  which  therefore  can- 
not be  increafed  by  that  means,  as  any  one  may  con- 
vince himfelf  by  rubbing  his  hand  fmartly  againft  his 
coat.  It  is  true,  indeed,  that  heat  is  not  produced  by 
the  fridion  of  liquids,  but  then  they  are  too  yielding 
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(m)  Thefe  ftones  are  compofed  of  almoft  pure  filica. 

(n)  This  ingenious  and  unfortunate  young  man,  to  whom  we  are  indebted  for  thefe  fads,  fell  a vidim  to  his 
ardour  for  knowledge.  He  accompanied  La  Peyroufe  in  his  laft  voyage,  and  was  murdered  with  the  moft  fitvage 
cruelty,  together  with  La  Langle  and  feveral  others,  by  the  natives  of  the  iftand  of  Maouna.  When  a man  of 
genius,  anxious  to  acquire  honeft  fame,  and  a man  too  fo  nobly  difinterefted  as  Lamanon,  thus  falls  prematurely 
before  he  has  attained  the  objed  of  his  willies, 

“ Cut  off  from  nature’s  and  from  glory’s  courfe  ! 

“ Which  never  mortal  was  fo  fond  to  run,” 

who  can  withhold  the  tribute  of  regret  and  admiration,  when  they 

“ conjedure  what  he  might  have  proved, 

“ And  think  life  only  wanting  to  his  fame.” 
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to  be  fubjecled  to  flrong  fiiiflion.  It 
the  fpecific  caloric  of  the  rubbed  bodies  decreafing  ; for 
Nor  to  de-  Count  Rumford  found,  that  there  was  no  fenfible  de- 
creafe  of  cteafef;  nor,  if  there  were  a decreafe,  would  it  be  fuf- 
fpecific  ca-  f^cient  to  account  for  the  vail  quantity  of  heat  which  is 
, fometimes  produced  by  friction. 

JourLl,  h!  Count  Rumfotd  took  a cannon  cafl:  folid  and  rough 
io6.  as  it  came  from  the  foundery  ; he  caufed  its  extremity 

to  be  cut  off,  and  formed,  in  that  p5.1t,  a folid  cy- 
linder attached  to  the  cannon,  7^  inches  in  diameter, 
and  inches  long.  It  remained  joined  to  the  reft 
of  the  metal  by  a frnall  cylindrical  neck.  In  this  cy- 
linder a hole  was  bored  3,7  inches  in  diameter,  and  7,2 
inches  in  length.  Into  this  hole  was  put  a blunt  fleel 
borer,  which  by  means  of  horl’es  v/as  made  to  rub  againft 
its  bottom  ; at  the  fame  time  a fmall  hole  was  made  in 
the  cylinder  pel pendicular  to  the  bore,  and  ending  in 
the  folid  part  a little  beyond  the  end  of  the  bore.  This 
was  for  introducing  a thermometer  to  meafuie  the  heat 
of  the  cylinder.  I'he  cylinder  was  wrapt  round  with 
flannel  to  keep  in  the  heat.  The  borer  prefi’ed  againlt 
the  bottom  of  the  hole  with  a lorce  equal  to  about 
lOjOOolb.  avoirdupois,  and  the  cylinder  was  turned 
round  at  the  rate  of  32  times  in  a minute.  At  the  be- 
ginning of  the  experiment  the  temperature  of  the  cy- 
linder was  60°  ; at  the  end  of  30  minutes,  when  it  had 
made  960  revolutions,  its  temperature  was  130*^.  The 
quantity  of  metallic  duft  or  fcales  produced  by  this  fric- 
tion amounted  to  837  grains.  Now,  if  we  were  to 
fuppofe  that  all  the  caloric  was  evolved  from  thefe 
fcales,  as  they  amounted  to  juft  part  of  the  cylin- 
der, they  mull  have  given  out  948°  to  raife  the  cylinder 
1°,  and  confequently  66360°  to  raife  it  70®  or  to  130°, 
which  is  certainly  incrediblef. 

Neither  is  the  caloric  evolved  during  fridlion,  owing 
to  the  combination  of  oxygen  with  the  bodies  themfelves 
or  any  part  of  them.  By  means  of  a piece  of  clock- 
work, Mr  Pivftet  made  fmall  cups  (fixed  on  the  axis  of 
one  of  the  wheels)  to  move  round  with  confiderable  ra- 
pidity, and  he  made  various  fubftances  rub  againft  the 
outftdes  of  thefe  cups,  while  the  bulb  of  a very  delicate 
thermometer  placed  within  them  marked  the  heat  pro- 
duced. The  whole  machine  was  of  a fize  fufficiently 
fmall  to  be  introduced  into  the  receiver  of  an  air  pump. 
By  means  of  this  machine  a piece  of  adamantine  fpar 
was  made  to  rub  againft  a fteel  cup  in  air  : fparks  were 
produced  in  great  abundance  during  the  w'hole  time, 
but  the  thermometer  did  not  rife.  The  fame  experi- 
ment was  repeated  in  the  exhaufted  receiver  of  an  air 
pump  ( the  manometer  ftanding  at  four  lines)  ; no  fparks 
were  produced,  but  a kind  of  phofphorie  light  was  vifi- 
ble  in  the  dark.  The  thermometer  did  not  rife.  A 
piece  of  brafs  being  made  to  rub  in  the  fame  manner 
againft  a much  fmailer  brafs  cup  in  air,  the  thermometer 
(which  almoft  filled  the  cup)  rofe  0,3°,  but  did  not  be- 
gin to  rife  till  the  fridlion  was  over.  This  (hews  us  that 
the  motion  produced  in  the  air  carried  off  the  caloric  as 
it  was  evolved.  In  the  exhaufted  receiver  it  began  to 
rife  the  moment  the  fri<ftion  began,  and  rofe  in  all  1,2® 
When  a bit  of  wood  was  made  to  rub  againft  the  brafs 
cup  in  the  air,  the  thermometer  rofe  0,7”,  and  on  fubfti- 
tuting  alfo  a wooden  cup  it  rofe  2,1°,  and  in  the  exhauf- 
ted receiver  2,4°,  and  in  air  condenfed  to  i^atmof- 
* Piaet  fur  pheres  it  rofe  0,5®*. 

UFett,ch.^.  If  thefe  experiments  be  not  thought  conclufive,  we 
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have  others  to  relate  which  will  not  leave  a doubt  that 
the  heat  produced  by  fridion  is  not  connetfted  with  the 
decompofition  of  oxygen  gas.  Count  Rumford  con- 
trived, with  his  ufual  ingenuity,  to  inclofe  the  cylinder 
above  deferited  in  a wooden  box  filled  with  water,  w'hich 
effeiftually  excluded  all  air,  as  the  cylinder  itfelf  and  the 
borer  were  furrounded  with  water,  and  at  ihe  fame  time 
did  not  impede  the  motion  of  the  in'ftfuraent.  The 
quantity  of  water  amounted  to  i8,77lbs.  avoirdupois, 
and  at  the  beginning  of  the  experiment  was  at  the  tem- 
perature of  60°.  After  the  cylinder  had  revolved  for 
an  hour  at  the  rate  of  32  times  in  a minute,  the  tempe- 
rature of  the  water  was  107°;  in  30  minutes  more  it 
was  178°;  and  in  2 hours  and  30  minutes  after  the  ex- 
periment began,  the  water  boiled.  According 

to  the  computation  of  Count  Rumford,  the  caloric  pro- 
duced v/ould  have  been  fufficient  to  heat  26,581bs. 
avoirdupois  of  ice-cold  water  boiling  hot  ; and  it  would 
have  required  9 wax  candles  of  a moderate  fize,  burning 
with  a clear  flame  ail  the  time  the  experiment  lafted,  to 
have  produced  as  much  heat.  In  this  experiment  all  ac- 
cefs  of  water  into  the  hole  in  the  cylinder  where  the 
fridlion  took  place  was  prevented.  But  in  another  ex- 
periment the  refult  of  which  was  precllely  the  fame,  the 
water  was  allowed  free  accefsf. 

The  caloric,  then,  which  appears  in  confequence  of 
fridlion,  is  neither  produced  by  an  increafe  of  the  den- 
fity,  nor  by  an  alteration  in  the  fpecific  caloric  of  the 
fubftances  expofed  to  fridlion,  nor  is  it  owing  to  the  de- 
compofition of  the  oxygen  of  the  atmofphere — Whence 
then  is  it  derived  ? This  queftion  we  are  altogether  un- 
able to  anfwer.  We  cannot,  however,  think,  that  the  con- 
clufion  which  Count  Rumford  is  difpofed  to  draw  from 
his  experiments  is  warranted  by  the  premifes.  He  fup- 
pofes,  that  becaufe  we  cannot  explain  the  manner  that 
caloric  Is  accumulated  by  fridlion,  there  is  no  fuch  fub- 
ftance  as  caloric  at  all,  but  that  it  is  merely  a peculiar 
kind  of  motion.  We  would  beg  leave  to  afk,  how  the 
fadts  mentioned  in  the  former  part  of  this  chapter,  ma- 
ny of  which  were  furnifhed  by  this  ingenious  philofo- 
pher  himfelf,  and  all  of  which  combine  to  render  the 
exiftence  of  caloric  as  a fubftance  probable,  can  be  de- 
ftroyed  and  fet  afide,  merely  becaufe  there  are  other  phe- 
nomena in  nature  connedted  with  caloric  which  cannot 
be  accounted  for  ? Were  it  poffible  to  prove  that  the 
accumulation  of  caloric  by  fridlion  is  incompatible  with 
its  being  a fubftance,  in  that  cafe  Count  Rumford’s 
conclufion  would  be  a fair  one  ; but  this  furely  has  not 
been  done.  We  are  certainly  not  yet  fufficiently  ac- 
quainted with  the  laws  of  the  motion  of  caloric  (allow- 
ing it  to  be  a fubftance)  to  be  able  to  affirm  with  cer- 
tainty that  fridlion  could  not  caufe  it  to  accumulate  in 
the  bodies  rubbed.  This  we  know  at  lead  to  be  the 
cafe  with  eledlricity.  Nobody  has  been  hitherto  able 
to  demonftratc  in  what  manner  it  is  accumulated  by 
fridlion;  and  yet  this  has  not  been  thought  a fufficient 
real'on  to  deny  its  exiftence. 

Indeed  there  feems  to  be  a very  clofe  analogy  between 
caloric  and  eledlric  matter.  Both  of  them  tend  to  diffufe 
themfelves  equally,  both  of  them  dilate  bodies,  both  of 
them  fufe  metals,  and  both  of  them  kindle  combuftible 
fubftances.  Mr  Achard  has  proved,  that  eledlricity  can 
be  fubftituted  for  caloric  even  in  thofe  cafes  where  its 
agency  feems  peculiarly  neceflary  ; for  he  found  that, 
by  conftancly  Applying  a certain  quantity  of  the  elec- 
tric 
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When  light  pafles  within  a certain  diftance  of  a body, 
parallel  to  which  it  is  moving,  it  is  bent  towards  it ; 
when  it  pafles  at  a greater  diftance,  it  is  bent  from  it. 
The  fir  ft  of  thefe  properties  is  called  infleSHon,  the  fe- 
cond  dejledlon.  Now  the  rays  differ  in  thefe  properties 


in  the  order  in  which  they  were  named  ; the  red  being 
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mojl,  the  violet  leajl  inflexible  and  deflexible.  This 
was  fufpesSted  by  David  Rittenhoufe,*'  but  was  firft 
demonftrated  by  the  ingenious  experiments  of  Mr 
Brougham  f. 

When  light  falls  upon  a vifible  body,  forae  of  it  is  re- 
fleifted  back  ; and  the  more  polithed  or  the  whiter  any 
furface  is,  the  more  light  it  reflefts.  The  rays  of  light 
differ  alfo  in  reflexity  (fee  Reflex ity,  SuppL),  the  red 
being  the  moft,  the  violet  the  leaft  reflexible.  This 
difcovery  we  owe  to  the  fame  ingenious  gentleman  j;. 

Thefe  properties  of  light  conftitute  the  fubjedt  of 
Optics  ; to  which  we  refer  thofe  who  wiflr  to  fee 
them  inveftigated.  We  mention  them  here  becaufe 
they  prove  that  light  is  adted  on  by  other  bodies,  that 
it  is  fubjedted  to  the  laws  of  attradlion,  and,  confequent- 
ly,  that  it  poffeffes  gravily, 

2.  The  particles  of  light  feem  alfo,  like  thofe  of  ca- 
loric, to  poffefs  the  property  of  repelling  one  another  ; 
at  leaft  their  rapid  motion,  in  all  diredtions,  from  lumi- 
nous bodies,  feems  to  be  owing  to  fome  fuch  property. 

3.  Light  is  capable  of  entering  into  bodies,  and  re- 
maining in  them,  and  of  being  afterwards  extricated 
without  any  alteration.  Father  Beccaria,  and  feveral 
other  philofophers,  have  fhown  us  by  their  experiments, 
that  there  are  a great  many  fubftances  which  become  lu- 
minous after  being  expofed  to  the  light.  This  proper- 
ty was  difcovered  by  carrying  them  inftantly  from  the 
light  into  a dark  place,  or  by  darkening  the  chamber  in 
which  they  were  expofed.  Moft  of  thefe  fubftances,  in- 
deed, lofe  this  property  in  a very  ftiort  time,  but  they  re- 
cover it  again  on  being  expofed  to  the  light ; and  this 
may  be  repeated  as  often  as  we  pleafe.  We  are  in- 
debted to  Mr  Canton  for  fome  very  interefting  experi- 
ments on  this  fubjedt,  and  for  difcovering  a compofition 
which  poffeffes  this  property  in  a remarkable  degree. 
He  calcined  fome  common  oyfter  fhells  in  a good  coal 
fire  for  half  an  hour,  and  then  pounded  and  fifted  the 
pureft  part  of  them.  Three  parts  of  this  powder  were 
mixed  with  one  part  of  the  flowers  of  fulphur,  and  ram- 
med into  a crucible  which  was  kept  red  hot  for  an  hour. 
The  brighteft  parts  of  the  mixture  were  then  fcraped 
off,  and  kept  for  ufe  in  a dry  phial  well  flopped.  When 
this  compofition  is  expofed  for  a few  feconds  to  the 
light,  it  becomes  fufiiclently  luminous  to  enable  a per- 
fon  to  diftinguifli  the  hour  on  a watch  by  it.  After 
fome  time  it  ceafes  to  fliine,  but  recovers  this  property 
on  being  again  expofed  to  the  light.  Light  then  is 
not  only  adted  upon  by  other  bodies,  but  it  is  capable 
of  uniting  with  them,  and  afterwards  leaving  them 
without  any  change. 

It  is  w'ell  known  that  light  is  emitted  during  com- 
buftion  ; and  it  has  been  objedted  to  this  conclufion, 
that  thefe  bodies  are  luminous  only  from  a flow  and 
imperceptible  combuftion.  But  furely  combuftion  can- 
not be  fufpedted  in  many  of  Father  Beccaria’s  experi- 
ments, when  we  lefledt  that  one  of  the  bodies  on  which 
they  were  made  was  his  own  hand,  and  that  many  of 
the  others  were  altogether  incombuftible  ; and  the  phe- 
nomena obferved  by  Mr  Canton  are  alfo  incompatible 


with  the  notion  of  combuftion.  His  pyrophorus  (hone 
only  in  confequence  of  being  expofed  to  light,  and  loft 
that  property  by  being  kept  in  the  dark.  It  is  not 
expofure  to  light  which  caufes  fubftances  capable  of 
combuftion  at  the  temperature  of  the  atmofphere  to  be- 
come luminous,  but  expofure  to  air.  If  the  fame  tem- 
perature continues,  they  do  not  ceafe  to  fliine  till  they 
are  confirmed  ; and  if  they  ceafe,  it  is  not  the  applica- 
cation  of  light,  but  of  caloric,  which  renders  them  again 
luminous ; but  Canton’s  pyrophorus,  on  the  contrary, 
when  it  had  loft  its  property  of  fhining,  did  not  recover 
it  by  the  application  of  heat,  except  it  was  accompa- 
nied by  light.  The  only  effedf  which  heat  had  was  to 
increafe  the  feparation  of  light  from  the  pyrophorus, 
and  of  courfe  to  ftiorten  the  duration  of  its  luminouf- 
nefs.  Two  glafs  globes,  hermetically  fealed,  containing 
each  fome  of  this  pyrophorus,  were  expofed  to  the  light 
and  carried  into  a dark  room.  One  of  them,  on  being 
immerfed  in  a bafon  of  boiling  water,  became  much 
brighter  than  the  other,  but  in  ten  minutes  it  ceafed 
to  give  out  light : the  other  remained  vifible  for  more 
than  two  hours.  After  having  been  kept  in  the  dark 
for  two  days,  they  were  both  plunged  into  a bafon  of 
hot  water ; the  pyrophorus  which  had  been  in  the  wa- 
ter formerly  did  not  fhine,  but  the  other  became  lumi- 
nous, and  continued  to  give  out  light  for  a confiderable 
time.  Neither  of  them  afterwards  fhone  by  the  appli- 
cation of  hot  water  ; but  when  brought  near  to  an  iron 
heated  fo  as  fcarcely  to  be  vifible  in  the  dark,  they  fud- 
denly  gave  out  their  remaining  light,  and  never  fhone 
more  by  the  fame  treatment : but  when  expofed  a fe- 
cund time  to  the  light,  they  exhibited  over  again  pre- 
cifely  the  fame  phenomena  ; even  a lighted  candle  and 
eledlricity  communicated  fome  light  to  them.  Surely 
thefe  faffs  are  altogether  incompatible  with  combuftion, 
and  fully  fufficient  to  convince  us  that  light  alone  was 
the  agent,  and  that  it  had  aff  ually  entered  into  the  lu- 
minous bodies. 

It  has  been  queftioned,  indeed,  whether  the  light 
emitted  by  pyrophori  be  the  fame  with  that  to  which 
they  are  expofed.  Mr  Wilfon  has  proved,  that  in  ma- 
ny cafes  at  leaft  It  is  different,  and  in  particular  that 
on  many  pyrophori  the  blue  rays  have  a greater  effeff 
than  any  other,  and  that  they  caufe  an  extrication  of 
red  light.  Mr  de  Groffer  has  ftiewn  the  fame  thing 
with  regard  to  the  diamond,  which  is  a natural  pyro- 
phorus J.  Still,  however,  it  cannot  be  queftioned  that 
the  luminoufnefs  of  thefe  bodies  is  owing  to  expofure 
to  light,  and  that  the  phenomenon  is  not  conneffed 
with  combuftion. 

But  light  appears  capable,  not  only  of  entering  into 
bodies,  but  of  combining  with  them  chemically.  The 
phenomena  of  the  phofphori  feem  to  be  inftances  of 
this,  and  a great  many  faffs  concur  to  prove  that  light 
enters  into  the  compofition  of  oxygen  gas.  When  ve- 
getables grow  in  the  light,  they  give  out  oxygen  gas  ; 
but  no  oxygen  is  extricated  in  the  dark,  even  though 
heat  be  applied  f.  From  this  it  is  evident,  that  the  fe- 
paration of  this  gas  from  plants,  or  perhaps  the  decorn- 
pofition  of  the  water  which  they  contain,  depends  upon 
the  affion  of  light;  and  that  as  this  decrxnpofuion  is 
chemical,  the  light  to  produce  it  muft  either  combine 
with  the  oxygen  or  the  hydrogen,  or  at  leaft  contribute 
to  the  combination  of  fome  other  fubftancewith  one  or 
other  of  them.  When  the  oxyds  of  gold  or  filver  are 
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expofed  to  light,  they  are  reduced  to  the  metallic  date,* 
and  at  the  fame  time  a quantity  of  oxygen  gas  is  extri- 
cated.J In  this  cafe,  it  is  evident  that  the  light  muft 
either  combine  with  the  oxygen  or  the  metals.  If  a 
quantity  of  nitric  acid  be  expofed  for  fome  time  to  the 
light,  it  becomes  yellow,  as  is  well  known,  and  a quan- 
tity of  oxygen  gas  is  found  floating  on  its  top.  If  it 
be  now  carried  to  a dark  place,  the  oxygen  is  gradually 
abforbed,  and  the  acid  becomes  colourlefs.  In  this  cafe, 
nitric  acid  is  decompofed  by  means  of  light,  and  refol- 
ved  into  nitrous  acid  and  oxygen  gas.  The  light  mull 
therefore  have  combined  either  with  the  nitrous  acid  or 
the  oxygen.  But  no  change  whatever  appears  to  have 
been  produced  in  the  nitrous  acid  ; for  if  it  be  obtained 
in  the  dark  by  any  other  procefs,  it  has  precifely  the 
fame  properties.  The  oxygen,  on  the  contrary,  is  con- 
verted into  a gas.  It  is  more  probable,  then,  that  the 
light  has  combined  with  the  oxygen  than  with  the  acid. 
Hence  there  is  reafon  to  fufped  that  light  makes  one 
of  the  ingredients  of  oxygen  gas.  Caloric  has  already 
been  Ihewn  to  make  another  ingredient. 

During  combuftion,  a quantity  of  light  as  well  as  ca- 
loric is  almoft  always  evolved.  We  muft  conclude, 
therefore,  that  light  makes  a part  of  the  compofition 
either  of  the  combuftibles  themfelves,  or  of  the  oxygen 
gas  with  which  they  unite.  We  have  already  fhewn, 
that  oxygen  gas  probably  contains  light ; and  this  pro- 
bability is  confirmed  by  another  fa(ft.  Subftances  may 
be  combined  with  oxygen  without  the  emiflion  of  any 
light,  provided  the  oxygen  be  not  in  the  ftate  of  a gas. 
If  phofphorus,  for  inftance,  be  put  into  nitric  acid,  it 
atcradls  oxygen,  and  is  converted  into  phofphoric  acid 
without  the  emiflion  of  any  light.  Now  if  the  light 
which  appears  during  combuftion  had  been  combined 
with  the  combuftible,  it  ought  to  appear  in  all  cafes 
when  that  combuftible  is  united  with  oxygen,  whether 
the  oxygen  has  previoufly  been  in  the  ftate  of  a gas  or 
not.  But  as  this  is  not  the  cafe,  we  may  certainly  in- 
fer, that  the  light  which  appears  during  combuftion  is 
extricated,  not  from  the  combuftible,  but  from  the  oxy- 
gen gas.  And  this  feems  at  prefcnt  to  be  the  opinion 
of  the  greater  number  ot  philofophers. 

But  we  muft  acknowledge,  that  this  conclufion  is 
not  without  its  difficulties,  and  difficulties,  too,  which, 
in  the  prefent  ftate  of  chemiftry,  it  does  not  feem  pof- 
fible  to  furmount. 

In  the  firft  place,  it  is  evident,  that  light  may  be  pro- 
duced during  combuftion,  though  the  oxygen  be  not  in 
the  ftate  of  a gas  : For  if  nitric  acid  be  poured  upon 
oil  of  turpentine,  the  oil  takes  fire,  and  burns  with  the 
greateft  rapidity,  and  a great  deal  of  light  is  emitted. 
This  combuftion  is  occafioned  by  the  oxygen  of  the 
acid  combining  with  the  ingredients  of  the  oil.  It  fol- 
lows, therefore,  if  the  light  emitted  was  previoufly  com- 
bined with  the  oxygen,  that  oxygen  muft  contain  light 
when  not  in  the  ftate  of  a gas.  Mr  Prcuft  has  fhown 
that  a great  variety  of  fimilar  combullions  may  be  pro- 
duced. But  what  is  very  remarkable,  by  proper  cau- 
tion the  very  fame  combinations  may  be  made  to  take 
place  without  the  vifible  emiffion  of  any  light.  In  that 
cafe  they  take  place  very  flowly,  as  happens  alfo  when 
phofphorus  decompofes  nitric  acid  ; fo  that  the  emil- 
fion  or  non-emiffion  of  light  feems  to  depend  not  upon 
the  ftate  of  the  oxygen,  fo  much  as  upon  the  rapidity 
or  flownefs  of  the  combination.  It  is  true,  indeed,  as 
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the  late  Dr  Hutton  of  Edinburgh  obfervcd,  that  light 
may  be  emitted  in  thefe  flow  combinations  though  it 
be  not  vifible  : and  this  is  very  probably  the  cafe ; but 
then  the  proof  is  deftroyed  that  light  exifts  in  oxygen 
gas,  from  its  not  appearing  during  combinations  in 
which  the  oxygen  did  not  exift  previoufly  in  a gafeous 
ftate. 

In  the  fecond  place,  the  colour  of  the  light  emit- 
ted during  combuftion  differs  almoft  always  accord- 
ing to  the  combuftible.  During  the  combuftion  of 
phofphorus,  tin,  and  zinc,  the  light  emitted  is  wfliite  ; 
during  that  of  fulphur  and  bifmuth,  blue.  Now  if  this 
light  were  united  with  the  oxygen,  why  does  it  not  ap- 
pear always  of  the  fame  colour,  whatever  be  the  com- 
buftible ? 

In  the  lad  place,  the  phenomena  of  phofphori  fliew 
that  light  is  capable 'of  entering  into  other  bodies  as 
well  as  oxygen  gas;  and  the  emiflion  of  light  on  the 
collifion  of  two  flint  ftones,  w’henno  oxygen  gas  can  be 
decompofed,  is  a proof  of  the  fame  kind,  which  cannot 
be  got  over. 

In  the  prefent  ftate  of  chemiftry,  therefore,  it  cannot 
be  concluded,  that  the  light  emitted  during  combuftion 
does  not  exift  in  the  combuftibles  as  well  as  in  the 
oxygen.  ^ ^^7 

4.  Light  has  the  property  of  heating  bodies*.  All  Light  heats 
bodies,  however,  are  not  heated  by  it.  Thofe  w'hich  bodies, 
are  perfedUy  tranfparent,  or  which  allow  all  the  light 
to  pafs  through  them,  fuffer  no  alteration  in  their  tem- 
perature. Thus  light  may  be  concentrated  upon  wa- 
ter or  glafs  without  producing  any  effect.  Neither 
does  it  produce  much  change  upon  thofe  bodies  (mir- 
rors for  inftance)  that  refledt  all  or  nearly  all  the  light 
which  falls  upon  them.  And  the  fmallnefs  of  the  alte- 
ration of  temperature  is  always  proportional  to  the  fine- 
nefs  of  the  polifh,  or,  which  is  the  fame  thing,  to  the 
quantity  of  light  which  is  refledted.  So  that  we  have 
reafon  to  conclude,  that  if  a fubftance  could  be  procu- 
red which  refledted  all  the  light  that  fell  upon  it,  the 
temperature  of  fuch  a fubftance  would  not  be  at  all  af- 
fedted  by  light  falling  upon  it.  Dr  Franklin  expofed 
upon  fnow  pieces  of  cloth  of  different  colours  (white, 
red,  blue,  black),  to  the  light  of  the  fun,  and  found 
that  they  funk  deeper,  and  confequently  acquired  hear, 
in  proportion  to  the  darknefs  of  their  colour.  Now  it 
is  well  known  that  dark-coloured  bodies,  even  when 
equally  expofed  to  the  light,  refledt  lefs  of  it  than  thofe 
which  are  light-coloured.  But  fmce  the  fame  quantity 
falls  upon  each,  it  is  evident  that  dark  coloured  bodies 
muft  abforb  and  retain  more  of  it  than  thofe  which  are 
light-coloured.  That  fuch  an  abforption  adlually  takes 
place  is  evident  from  the  following  experiment.  Mr 
Thomas  Wedgewood  placed  two  lumps  of  luminous  or 
phofphorefcent  marble  on  a piece  of  iron  heated  juft 
under  rednefs.  One  of  the  lumps  of  marble  which  was 
blackened  over  gave  out  no  light ; the  other  gave  out 
a great  deal.  On  being  expofed  a fecond  time  in  the 
fame  manner,  a faint  light  was  feen  to  proceed  from 
the  clean  marble,  but  none  at  all  could  be  perceived  to 
come  from  the  other.  The  black  was  now  wiped  off, 
and  both  the  lumps  of  marble  were  again  placed  on  the 
hot  iron  : The  one  that  had  been  blackened  gave  out 
juft  as  little  light  as  the  other  In  this  cafe,  the 
light  which  ought  to  have  proceeded  from  the  lumi- 
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that  of  combination,  the  moment  light  entered  a body 
it  ought  to  be  no  longer  light  but  caloric,  and  confe- 
quently  ought  to  produce  precifely  the  fame  effefts 
with  caloric : And  fince  this  is  not  the  cafe,  we  are 
warranted  furely  to  conclude  that  light  and  caloric  are 
not  the  fame,  but  different  fubft'ances.  How  then  does 
caloric  occafion  the  appearance  of  light,  and  light  that 
of  caloric  ? 

We  have  feen  already,  that  there  is  no  body  in  na- 
ture which  does  not  contain  caloric  ; and  light  has  fuch 
an  influence  upon  every  thing,  it  produces  fuch  impor- 
tant changes  upon  the  animal  and  vegetable  kingdoms, 
it  can  be  extricated  from  fuch  a vaft  number  of  bodies, 
that  in  all  probability  we  may  conclude,  with  regard  to 
it  alfo,  that  it  exifls  in  all,  or  in  almoft  all,  the  bodies  in 
nature.  V/e  have  no  means  of  afcertaining  either  the 
quantity  of  light  or  of  caloric  that  exifts  in  bodies ; 
but  if  we  were  to  judge  from  the  quantity  which  ap- 
pears during  combuftion,  we  muff  reckon  it  very  eon- 
fiderable.  Now,  may  there  not  exift  a repulfion  between 
the  particles  of  caloric  and  light  ? It  is  not  eafy,  at 
lead,  to  fee  why  light  flies  off  during  combuftion  with 
fuch  rapidity,  if  this  be  not  the  cafe.  If  fuch  a repul- 
fion  adlually  exifts,  it  will  follow  that  caloric  and  light 
cannot  be  accumulated  in  the  fame  body  beyond  a cer- 
tain proportion.  If  the  caloric  exceed,  it  will  tend  to 
drive  off  the  light;  if  the  light,  on  the  contrary,  hap- 
pens to  prevail,  it  will  difplace  the  caloric. 
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If  caloric  and  light  actually  exift  in  all  bodies,  there  Laght. 
muft  be  an  aflinity  between  them  and  all  other  bodies ; 
and  this  aflinity smuft  be  fo  great,  as  to  render  ineffec- 
tual the  repulfion  which  exifts  between  light  and  calo- 
ric. Let  us  fuppofe  now,  that  thefe  two  fubftances  ex- 
ift in  all  bodies  in  certain  proportions,  it  will  follow, 
that  the  more  either  of  caloric  or  light  is  added  to  any 
body,  the  ftronger  muft  the  repulfion  between  their  par- 
ticles become ; and  if  the  accumulation  be  ftill  going 
on,  this  repulfion  will  foon  become  great  enough  to  ba- 
lance their  affinity  for  the  body  in  which  they  exift, 
and  confequently  will  difpofe  them  to  fly  off.  If  calo- 
ric, for  inftance,  be  added  to  a body,  whenever  the  bo- 
dy arrives  at  a certain  temperature  it  becomes  luminous, 
becaufe  part  of  the  light  which  was  formerly  combined 
with  it  is  driven  off.  This  temperature  muft  depend 
partly  upon  the  aflinity  between  the  body  and  caloric, 
and  partly  upon  its  affinity  for  light.  Pyrophori,  for 
inftance,  the  affinity  between  which  and  light  does  not 
feem  to  be  very  great,  become  luminous  at  a very  mode- 
rate temperature.  This  is  the  cafe  with  the  pyropho- 
rus  of  Canton.  A great  many  hard  bodies  become 
luminous  when  they  are  expofed  to  a moderate  heat ; 
fluor,  for  inftance,  carbonat  of  barytes,  fpar,  fea  fhells, 
and  a great  many  others,  which  are  enumerated  by  Mr 
Thomas  Wedgewood.*  * 

The  fame  ingenious  gentleman  has  obferved,  that  ^ranf. 
gold,  filver,  copper,  and  iron,  become  luminous  when  i79*>P 

X X heated 


vifible  in  the  dark  ; in  the  other  was  placed  the  bulb  of  a thermometer.  In  fix  minutes  the  thermometer  rofe  from 
4°  to  Reaumur).  A lighted  candle,  which  was  fubftituted  for  the  ball  of  iron,  made  the  thermometer  rife  in 
one  experiment  from  4,6®  to  14®  ; in  another,  from  4,2®  to  14,3®.  In  this  cafe  both  light  and  heat  appeared  to 
adf.  In  order  to  feparate  them,  he  interpofed  between  the  two  mirrors  a plate  of  clear  glafs.  Before  the  inter- 
pofition  of  the  glafs,  the  thermometer  had  rifen  from  2°  to  12°,  where  it  was  ftationary.  After  the  interpofi- 
tion  of  the  glafs  it  funk  in  nine  minutes  to  5,7* ; and  when  the  glafs  was  again  removed  it  rofe  in  feven  minutes 
to  1 1,1®  ; yet  the  light  which  fell  on  the  thermometer  did  not  feem  at  all  diminiflied  by  the  glafs.  Mr  Piffet 
therefore  concluded,  that  the  caloric  had  been  refleiled  by  the  mirror,  and  that  it  had  been  the  caufe  of  the  rife 
of  the  thermometer.  In  another  experiment,  a glafs  matrafs  was  fubftituted  for  the  iron  ball,  nearly  of  the  fame 
diameter  with  it,  and  containing  2044  grains  of  boiling  water.  Two  minutes  after  a thick  fcreen  of  filk, 
which  had  been  interpofed  between  the  two  mirrors,  was  removed,  a Fahrenheit’s  thermometer,  which  was  in 
the  other  focus,  rofe  from  47®  to  50-I- ; and  the  moment  the  matrafs  was  removed  from  the  focus  the  thermome- 
ter again  defcended.  On  repeating  the  experiment,  with  this  variation,  that  the  bulb  of  the  thermometer  was 
blackened,  it  rofe  from  51-g-  to  55^^. 

The  mirrors  of  tin  were  now  placed  at  the  diftance  of  90  inches  from  each  other;  the  matrafs  with  the  boil- 
ing  water  in  one  of  the  foci,  and  a very  fenfible  air  thermometer  In  the  other,  every  degree  of  which  was  equal 
to  Vo-th  of  a degree  of  Reaumur.  Exaffly  in  the  middle  fpace  between  the  two  mirrors  there  was  placed  a very 
thin  common  glafs  mirror,  fufpended  in  fuch  a manner  that  either  fide  could  be  turned  towards  the  matrafs. 
When  the  polilhed  fide  of  this  mirror  was  turned  to  the  matrafs,  the  thermometer  rofe  only  0,5°  ; but  when  the 
fide  covered  with  tinfoil,  and  which  had  been  blackened  with  ink  and  fmoke,  was  turned  toward  the  matrafs,  the 
thermometer  rofe  3,5®.  In  another  experiment,  when  the  poliilied  fide  of  the  mirror  was  turned  to  the  matrafs, 
the  thermometer  rofe  3®,  when  the  other  fide  9,2®.  On  rubbing  off  the  tinfoil,  and  repeating  the  experiment, 
the  thermometer  rofe  18®.  On  fubftituting  for  the  glafs  mirror  a piece  of  thin  white  pafteboard  of  the  fame  di- 
menfions  with  it,  the  thermometer  rofe  10°.  On  putting  a matrafs  full  of  fnow  into  one  of  the  foci  (the  mirrors 
in  this  experiment  were  io-|-  feet  diftant  from  each  other),  the  air  thermometer funi  feveral  degrees,  and  rofe 
again  when  the  matrafs  was  removed.  When  nitric  acid  was  poured  on  the  fnow,  the  thermometer  funk  5°  or 
6°  lower. 

Taking  it  for  granted  that  thefe  experiments  proved  the  motion  of  caloric  in  ftraight  lines  like  light,  Mr  Pic- 
tet endeavoured  to  difcover  the  velocity  of  its  motion.  For  this  purpofe  he  placed  two  concave  mirrors  at  the 
diftance  of  69  feet  from  each  other;  the  one  of  tin  as  before,  the  other  of  plafter  gilt,  and  18  inches  in  diame- 
ter. Into  the  focus  of  this  laft  mirror  he  put  the  air  theimometer,  and  the  bullet  of  iron  heated  as  before  into 
that  of  the  other.  A few  inches  from  the  face  of  the  tin  mirror  there  was  placed  a thick  fcreen,  which  was  re- 
moved as  foon  as  the  bullet  reached  the  focus.  The  thermometer  rofe  the  inftant  the  fcreen  was  removed  with- 
out any  perceptible  interval:  hence  he  concluded,  that  the  time  caloric  takes  in  moving  69  feet  Is  too  fbort  to 
be  meafured.  See  Ritfle/ fur  le  Feu,  chap.  iii. 
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have  meant  hydrogtn.  It  is  needlefs  therefore  to  exa- 
mine his  theory,  as  it  is  now  known  that  the  combina- 
tion of  hydrogen  and  oxygen  forms  not  caloric  but  wa- 
ter (u).  The  whole  fabric  therefore  has  tumbled  to 
the  ground  ; but  the  importance  of  the  materials  will 
always  be  admired,  and  the  ruins  of  the  ftrudture  {hall 
remain  eternal  monuments  of  the  genius  of  the  builder. 

Mr  de  Luc,  fo  well  known  for  his  important  meteo- 
rological labours,  has  advanced  another  theory*.  Ac- 
cording to  him,  light  is  a body  which  moves  conftantly 
in  flraight  lines,  with  fuch  rapidity  that  its  gravitation 
towards  other  fubftances  bears  no  fenfible  proportion  to 
its  motion.  Light  has  the  property  of  combining  with 
another  unknown  fubflance,  and  the  compound  formed 
is  caloric,  which  polfelfes  very  different  properties  from 
light.  Caloric  is  conftantly  defcribing  helicoidal  curves 
round  an  axis,  which  accounts  for  the  flownefs  of  its  ap- 
parent motion.  Light  produces  or  increafesheat,  part- 
ly by  increafing  the  expanftve  power  of  caloric,  and 
partly  by  combining  with  the  unknozun  fubjiance,  and 
forming  new  caloric  ; caloric,  on  the  other  hand,  is  al- 
ways decompofed  when  bodies  become  luminous.  This 
theory  is  certainly  ingenious,  and  would  remove  many 
of  the  difficulties  which  we  at  prefent  labour  under  in 
attempting  to  explain  the  phenomena  of  caloric  and 
light.  It  is,  however,  liable  to  other  difficulties,  which 
could  not  be  eafily  furmounted.  But  it  is  needlefs  to 
examine  thefe,  as  the  theory  itfelf  is  fupported  by  no 
evidence  whatever,  and  cannot  therefore  be  admitted. 

Another  theory  has  been  advanced  by  the  late  Dr 
Hutton  of  Edinburgh  (v)  ; a man  of  undoubted  genius, 


but  of  rather  too  fpeculative  a turn  of  mind,  and  who 
fometimes  involved  himfelf  in  difficulties  from  his  very 
ingenuity.  All  his  writings  difplay  evident  marks  of 
the  profound  philofopher ; they  contain  much  inftruc- 
tlon  ; and  even  his  miftakes  are  not  without  their  ufe  : 
but  unfortunately  his  manner  is  fo  peculiar,  that  it  is 
fcarcely  more  difficult  to  procure  the  fecrets  of  fcience 
from  Nature  herfelf,  than  to  dig  them  from  the  writings 
of  this  philofopher.  He  fuppofes  that  there  are  two 
kinds  of  matter,  gravitating  matter  and  light ; the  laft 
of  w'hich  wants  gravity,  and  confequently  neither  pof- 
feffes  magnitude  (w)  nor  momentum.  Light  has  the 
power  of  being  fixed  in  bodies;  and  then  it  becomes 
either  caloric  or  phlogifton,  which  differs  In  fome  parti- 
culars f rom  caloric,  but  in  what,  the  Dodtor  does  not 
precifely  tell  us. 

Part  of  this  theory  we  have  examined  already  when 
we  attempted  to  prove  that  light  and  caloric  were  dif- 
ferent fubftances.  The  other  part  of  the  theory  feems 
to  involve  a contradidfion  ; for  how  could  light  become 
fixed  in  a body,  unlefs  it  were  attradled  by  it  ? and  if 
light  pofTeffes  attradfion,  it  furely  cannot  be  deftitute 
of  gravity  ; for  what  is  gravity  but  attrailion  (x)  ? 

Thus,  notwithftanding  the  ingenuity  of  the  phllofo- 
phers  who  have  attempted  to  inveftigate  this  part  of 
chemiftry,  the  connedHon  between  light  and  caloric  is 
ftill  unknown.  We  muft  content  ourfelves,  therefore, 
with  confidering  them  at  prefent  as  diftindt  fubftances, 
and  leave  the  folution  of  the  many  difficulties  which  at 
prefent  perplex  us  to  the  more  happy  labours  of  future 
enquirers. 


Part  II.  Of  COMPOUND  BODIES. 


TO  thofe  bodies,  which  are  compofed  of  two  fmple 
fuhjlances  combined  together,  for  want  of  a better 
name  we  have  given  the  appellation  of  compound  bodies. 
They  may  be  reduced  under  five  claft'es  : 

1.  Water ; 

2.  Alcohol ; 

3-  Ohs  ; ^ 

4.  Alkalies ; 

5.  Acids. 

Thefe  {hall  be  the  fubiedl  of  the  five  following  chap- 
ters ; and  we  fhall  finifti  this  part  of  the  article  with  fome 
obfervations  on  Affinity. 

Chap.  I.  Of  Water. 

Water  is  a well-known  liquid,  found  in  abundance 
in  every  part  of  the  world,  and  abfolutely  neceffary  for 
the  exiftence  of  animals  and  vegetables. 

When  pure,  in  which  ftate  it  can  be  obtained  only 


by  diftillation,  it  is  tranfparent,  and  deftitute  of  colour 
tafte,  and  fmell. 

A cubic  foot  of  water,  at  the  temperature  of  55®,  Weight  of 
weighs,  according  to  the  experiments  of  Profeffor  Ro- water, 
bifon  of  Edinburgh  (fee  Specific  Gravity,  Encyel.), 

998,74  avoirdupois  ounces,  of  437,5  grains  troy  each, 
or  only  1.26  ounces  lefs  than  1000  avoirdupois  ounces ; 
fo  that  rain  w'ater,  at  the  fame  temperature,  wnli  weigh 
pretty  nearly  loco  ounces.  The  fpecific  gravity  of 
water  is  always  fuppofed  = 1,000,  and  it  is  made  the 
meafure  of  the  fpecific  gravity  of  every  other  body.  337 

When  water  is  cooled  down  to  32®,  it  alfuraes  the  Re. 
form  ofice.  If  this  procefs  goes  on  very  {lowly,  the  ice 
affumes  the  form  of  cryftalline  needles,  croffing  each 
other  at  angles  either  of  60°  or  120®,  as  Mr  de  Mairan 
has  remarked  ; and  it  has  been  often  obferved  in  large  . 
cryftals  of  determinate  figures.  Ice,  while  kept  at  a 
temperature  confiderably  below  32°,  is  very  hard,  and 
may  be  pounded  into  the  fineft  duft.  Ttiselaftic.  Its 
fpecific  gravity  is  lefs  than  that  of  water. 

When 


(u)  This  candid  philofopher  afterwards  acknowledged,  that  the  proofs  for  the  compofition  of  water  were 
complete  ; but  we  do  not  know  exadly  how  he  attempted  to  reconcile  his  theory  of  heat  with  the  belief  that 
water  was  compofed  of  oxygen  and  hydrogen;  two  opinions  which  are  certainly  incompatible. 

(v)  See  his  differtatlons  on  different  fubje<fts  of  natural  philofophy. 

(w)  Indeed  Dr  Hutton  refufed  this  property  to  gravitating  matter  alfo ; following,  in  this  particular,  the 
theory  of  the  celebrated  Bofcovich. 

(x)  We  hope  not  to  be  accufed  of  difputlng  merely  about  the  meaning  of  a word,  till  what  is  faid  on  this 
fubjed  in  the  chapter  of  the  prefent  article,  which  treats  of  Affinity,  has  been  examined. 
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When  water  is  heated  to  the  temperature  of  212°, 
It  boils,  and  is  gradually  converted  into  fteam.  Steam 
is  an  invifible  fluid  like  air,  but  of  a lefs  fpecific  gravity. 
It  occupies  about  1200  times  the  fpace  that  water  does. 
Its  elafticity  is  fo  great,  that  it  produces  the  moft  vio- 
lent explofions  when  confined.  It  is  upon  this  principle 
that  the  fleam-engine  has  been  conflrudted.  See  Steam 
and  ^T’EAvi-Engine,  Encycl. 

The  phenomena  of  boiling  are  owing  entirely  to  the 
rapid  formation  of  fleam  at  the  bottom  of  the  velfel. 
The  boiling  point  of  water  varies  according  to  the  pref- 
fure  of  the  atmofphere.  In  a vacuum  water  boils  at 
90®  ; and  when  water  is  confined  in  Papin’s  digefler,  it 

■ may  be  almoft  heat^  red  hot  without  boiling.  The 

■ mixture  of  various  falts  with  water  affedl  its  boiling 
point  confiderably.  Mr  Achard  made  a number  of  ex- 
periments on  that  fubje<51  ; the  refult  of  which  may  be 
leen  in  the  following  tables:};. 

Class  T.  Salts  which  do  not  affeB  the  Boiling  Point. 

Sulphat  of  copper. 

Class  II.  Salts  which  raije  the  Boiling  Point. 

jO  /Muriat  of  foda 
1 Sulphat  of  foda 
S p.  J Sulphat  ofpotafs 

■ 3 1 Nitrat  of  potafs 

^ .3  f Boracic  acid 
<tj  VCarbonat  of  foda. 

This  augmentation  varies  with  the  quantity  of  fait 
diflblved.  In  general,  it  is  the  greater  the  nearer  the 
folution  approaches  to  faturation. 

Class  III.  Salts  which  lower  the  Boiling  Point. 

{In  a fmall quantity,  lowers  the  boil- 
ing point  - 
Saturated  folution  of, 

„ , , r r I In  a fmall  quantity, 

Sulphat  of  magneOa,  {saturated  folution 

{A  very  fmall  quantity  of, 

A greater  quantity, 

A faturated  folution  of, 

Sulphat  of  lime,' 

Sulphat  of  zinc, 

Sulphat  of  iron, 

Acetiie  of  lead, 


itura 

le,! 

n,  f 


in  any  proportion, 


{ 


0,3  2 

2.47 

1. 1 
0,0 
0,7 
0,0 

2.02 

0,45 

0,22 

1,24 


Class  IV. 


Muriat  of  ^ quantity  of,  lowers  the  boil- 

’ (.Saturated  folution  of,  raifes  do.  9,79 
Carbonat  T Small  quantity  of,  lowers  do.  - 0,45 

of  potafs,  "(^Saturated  folution  of,  raifes  do.  11,2 

Water  was  once  fuppofed  to  be  incomprefllble  ; but 
the  contrary  has  been  demonflrated  by  Mr  Canton. 
The  Abbe  Mongez  made  a number  of  experiments, 
long  after  that  philofopher,  on  the  fame  fubjedl,  and 
obtained  fimilar  refults. 

Water  was  believed  by  the  ancients  to  be  one  of  the 
four  elements  of  which  every  other  body  is  compofed  ; 
and,  according  to  Hippocrates,  it  was  the  fubftance 
which  nourifhes  and  fuppoits  plants  and  animals.  That 
water  was  an  unchangeable  element  continued  to  be 
believed  till  the  time  of  Van  Helmont,  who  made 


plants  grow  for  a long  time  in  pure  water : From 
which  experiment  it  was  concluded,  that  water  was  con- 
vertible into  all  the  fubftances  found  in  vegetables. 

Mr  Boyle  having  digefled  pure  water  in  a glafs  veflel 
hermetically  fealed  for  above  a year,  obtained  a quanti- 
ty of  earthy  fcales  ; and  concluded,  in  confequence, 
that  he  had  converted  it  partly  into  an  earth.*  He  * Sha.:u'f 
obtained  the  fame  earth  by  diflilling  water  in  a tall  glafs  ih* 

veflel  over  a flow  firef.  Margraf  repeated  the  experi-  • 

roent  wnth  the  fame  refult,  and  accordingly  drew  the  367.^  ’ 
fame  conclufion.  But  the  opinion  of  thefe  philofophers 
was  never  very  generally  received.  The  laft  perfon 
who  embraced  it  was  probably  Mr  Wafelton,  who  pub- 
lilhed  his  experiments  on  the  fubje(fl  in  the  Journal 
de  Phyfique  for  1780.  Mr  Lavoifier  had  proved,  as 
early  as  1773,  that  the  glafs  veffels  in  which  the  diflil- 
lation  was  performed  lofl  a weight  exadly  equal  to  the 
earth  obtained.  Hence  it  follows  irrefiflibly,  that  the 
appearance  of  the  earth,  which  was  filica,  proceeded 
from  the  deqompofition  of  the  velfels ; for  glafs  con- 
tains a large  proportion  of  filica.  It  has  been  fince 
Ihown  by  Dr  Prieflley,  that  water  always  decompofes 
glafs  when  applied  to  its  furface  for  a long  time  in  a. 
high  temperature.  ^43 

We  have  formerly  mentioned,  that  water  is  com-  Hiftoiy  of 
pofed  of  oxygen  and  hydrogen.  This  great  difcovery  Ae  difco- 
lias  contributed  more  perhaps  than  any  other  to  the  ad- 
vancement  of  the  fcience  of  chemiftry,  by  furnifhing  a 
key  for  the  explanation  of  a prodigious  number  of  phe- 
nomena. The  evidence,  therefore,  on  which  it  refls, 
and  the  objedtions  which  have  been  made  to  it,  deferve 
to  be  examined  with  peculiar  attention. 

The  firft  perfon  probably  who  attempted  to  difco- 
ver  what  was  produced  by  burning  hydrogen  gas  was 
Scheele.  He  concluded,  that  during  the  combuftion 
oxygen  and  hydrogen  combined,  and  that  the  produdb 
was  caloric. 

In  1776  Macquer,  aflifted  by  Sigaud  de  la  Fond,  fet 
fire  to  a bottle  full  of  hydrogen  gas,  and  placed  a fau- 
cer  above  the  flame,  in  order  to  fee  whether  any  fuligi- 
nous fmoke  would  be  produced.  The  faucer  remained 
perfedfly  clean  ; but  it  Was  moiflened  with  drops  of  a 
clear  liquid,  which  they  found  to  be  pure  water  J.  { Macquer  t 

Next  year  Bucquet  and  Lavoifier  exploded  oxygen  Biaknary. 
and  hydrogen  gas,  and  made  an  attempt  to  difcover 
what  was  the  produdl ; about  the  nature  of  which  they 
had  formed  different  conjedures.  Bucquet  had  fuppo- 
fed that  it  would  be  carbonic  acid  gas  ; Lavoifier,  on 
the  contrary,  fufpeded  that  it  would  be  fulphuric  or 
fulphurous  acid.  What  the  produd  was  they  did  not 
difcover  ; but  they  proved  that  no  carbonic  acid  gas  was 
formed,  and  confetjuently  that  Mr  Bucquet’s  hypothe- 
fis  was  ill  founded  |[.  11 

In  the  beginning  of  the  year  1781,  Mr  Warltire,  at  3®ar.^i78i. 
the  requefl  of  Dr  Prieflley,  fired  a mixture  of  thefe 
two  gafes  contained  in  a copper  velfel ; and  obferved, 
that  after  the  experiment  the  weight  of  the  whole  was 
diminiftied.  Dr  Prieflley  had  previoufly,  in  the  pre- 
fence of  Mr  Warltire,  performed  the  fame  experiment 
in  a glafs  velfel.  This  velfel  became  moift  in  the  in- 
fide,  and  was  covered  with  a footy  fubflance  J,  which  § Prie/Hey, 
Dr  Prieflley  afterwards  fuppofed  to  be  a part  of  the  395- 
mercury  ufcd  in  filling  rhe  velfel*.  * Phil. 

In  the  fummer  of  1781,  Mr  Henry  Cavendifli,  who 
had  been  informed  of  the  experiments  of  Prieflley  and 
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Warltire,  fet  fire  to  500,000  grain  meafures  of  hydro- 
gen gas,  mixed  with  about  z\  times  that  quantity  of 
common  air.  By  this  procefs  he  obtained  135  grains 
of  pure  water.  He  alfo  exploded  19,500  grain  mea- 
fures of  oxygen  gas  with  37,000  of  hydrogen  gas,  and 
obtained  30  grains  of  water,  containing  in  it  a little  ni- 
tric acid.  From  thefe  experiments  he  concluded  that 
water  was  a compouud. — Mr  Cavendilh  muft  therefore 
be  confidered  as  the  real  difcoverer  of  the  compofition 
of  water.  He  was  the  firft  who  afcertained  that  water 
was  produced  by  firing  oxygen  and  hydrogen  gas,  and 
the  firft  that  drew  the  proper  conelufion  from  thatfadl. 
Mr  Watt,  indeed,  had  allb  drawn  the  proper  conclu- 
fion  from  the  experiments  of  Dr  Prieftley  and  Mr 
Warltire,  and  had  even  performed  a number  of  experi- 
ments himfelf  to  afcertain  the  fadl,  before  Mr  Caven- 
difh  had  communicated  his  ; but  he  had  been  deterred 
from  publifiiing  his  theory  by  fome  experiments  of  Dr 
Prieftley,  which  appeared  contrary  to  it  f.  He  has 
therefore  a claim  to  the  merit  of  the  difcovery  ; a claim, 
however,  which  does  not  affe<ft  Mr  Cavendilh,  who 
knew  nothing  of  the  theory  and  experiments  of  that 
ingenious  philofopher. 

Meanwhile,  in  the  winter  1781-2,  Mr  Lavoifier, 
w'ho  had  fufpeded,  that  when  oxygen  and  hydrogen  gas 
were  exploded-  fulphuric  or  fulphurous  acid  was  produ- 
ced, made  an  experiment  in  order  to  afcertain  the  fa<ft, 
at  which  Mr  Gingembre  affifted.  They  filled  a bottle, 
capable  of  holding  fix  pints  (French),  with  hydrogen 
gas,  to  w-hich  they  fet  fire,  and  then  corked  the  bottle, 
after  pouring  into  it  2 oz.  (French)  of  lime  water. 
Through  the  cork  there  palTed  a copper  tube,  by 
means  of  which  a ftream  of  oxygen  gas  was  introduced 
to  fupport  the  flame.  Though  this  experiment  was  re- 
peated three  times,  and  inftead  of  lime  water  a weak 
folution  of  alkali  and  pure  water  were  fubftituted,  they 
could  not  obferve  any  produdl  whatever  This  re- 
fult  aftonilhed  Mr  Lavoifier  exceedingly  : he  refolved, 
therefore,  to  repeat  the  experiment  on  a larger  fcale, 
and  if  poflible  with  more  accuracy.  By  means  of  pipes 
furnifhed  with  ftop-cocks,  he  put  it  in  his  power  to 
fupply  both  gafes  as  they  Ihould  be  wanted,  that  he 
might  be  enabled  to  continue  the  burning  as  long  as  he 
thought  proper. 

The  experiment  was  made  by  Lavoifier  and  la  Place 
on  the  24th  of  June  1783,  in  the  prefence  of  MelTrs 
le  Roi,  Vandermonde,  feveral  other  academicians,  and 
Sir  Charles  Blagden,  who  informed  them  that  Mr  Ca- 
vendilh had  already  performed  it,  and  that  he  had  ob- 
tained water.*  They  continued  the  inflammation  till 
all  their  flock  of  gafes  was  walled,  and  obtained  about 
295  grains  of  water,  which,  after  the  moft  rigid  exa- 
mination, appeared  to  be  perfectly  pure.  From  this 
experiment  Lavoifier  concluded,  that  water  was  com- 
pofed  of  oxygen  and  hydrogen.  Mr  Monge  foon  after 
performed  the  fame  experiment,  and  obtained  a fimilar 
refult : and  it  was  foon  after  repeated  again  by  La- 
voifier and  Meufnier  on  a fcale  fufficiently  large  to  put 
the  fadt  beyond  doubt.* 
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The  proofs  that  water  Is  a compound  are  of  two  Wat 
kinds ; it  has  been  adlually  compofed,  and  it  has  been 
decompofed.  Proofe 

With  regard  to  the  compofition  of  water,  we  lhall  re-  the  con 
late  the  celebrated  experiment  made  by  Lavoifier  and  fition  0 
Meufnier  in  the  month  of  February  1785,  in  the  pre-^®*^^r- 
fence  of  a numerous  deputation  from  the  academy  of  p 345 
fciences,  and  fo  many  other  fpedlators,  that  it  may  be 
confidered  as  having  been  performed  in  public.  Every  Lavoifit 
precaution  was  taken  to  enfure  fuccefs.  The  gafes  had  and  Me 
been  prepared  with  care,  and  held  for  fome  time  over  a "isr* 
folution  of  potafs,  in  order  to  deprive  them  of  any  aci- 
dity which  they  might  accidentally  contain ; and  be- 
fore entering  into  the  glafs  globe  where  they  were  to 
be  burnt,  they  were  made  to  pafs  over  newly  calcined 
potafs,  to  deprive  them  of  the  water  which  they  might 
happen  to  retain  in  folution.  The  hydrogen  gas  had 
been  obtained  by  palling  Ileam  through  iron  at  a white 
heat ; the  oxygen  gas  was  procured  from  the  red  oxyd 
of  mercury.  The  combuftion  took  place  in  a large 
glafs  globe,  into  which  the  gafes  were  admitted  by 
means  of  tubes  furnifhed  with  ftop-cocks  ; and  the  moft 
ingenious  contrivances  were  employed  to  afcertain  ex- 
actly the  quantities  of  each  which  were  confumed  (v). 

The  whole  machine  is  deferibed  at  large  by  Mr  Meuf- 
nier in  the  Memoires  of  the  Academy  of  Sciences  for 
1782. 

The  quantities  of  gas  employed,  after  deducing  the 
432  grains  of  refiduum  which  were  not  confumed,  were 
2794,76  grains  of  oxygen  gas,  and  471,125  of  hydro- 
gen gas.  After  taking  from  thefe  32,25  grains,  r=  the 
humidity  of  which  the  oxygen  gas  was  deprived  by  the 
calcined  potafs,  and  44,25  grains,  =r  the  weight  which 
the  hydrogen  loft  by  the  fame  procefs,  there  remains 
altogether  3188,4  grains  of  gas. 

The  quantity  of  water  obtained  amounted  to  3219 
grains ; the  fpecific  gravity  of  which  was  to  diftilled 
water  as  1,0051  to  i.  This  quantity  was  30  grains 
more  than  the  gas  employed.  The  difference,  no 
doubt,  was  owing  to  a fmall  error  in  eftimating  the 
weight  of  the  gafes  ; which  indeed  it  is  extremely  difii-  . 
cult  to  avoid,  as  the  weight  is  altered  by  jthe  fmalleft 
difference  of  temperature.  This  water  had  a flight 
fmell,  and  a tafte  fenfibly  acid ; it  reddened  flightly  blue 
paper,  and  effervefeed  with  the  carbonat  of  potafs. 

1152  grains  of  that  water  being  faturated  with  potafs, 
and  evaporated  to  drynefs,  left  20  grains  of  a fait  which 
melted  on  the  fire  like  nitre.  It  follows  from  this  ex- 
periment, that  the  quantity  of  acid  contained  in  the 
whole  water  would  not  have  been  quite  fufficient  to 
have  formed  56  grains  of  nitre. 

The  refiduum  weighed,  as  has  been  already  obferved, 

432  grains;  its  volume  was  equal  to  444  grains  of 
oxygen  gas ; it  was  diminifhed  by  nitrous  gas  (z) 
precifely  as  gas  would  be  which  contained  0,24  parts 
of  oxygen  ; it  rendered  lime  water  fomewhat  turbid, 
which  indicated  the  prefence  of  carbonic  acid  gas. 

From  the  comparifon  of  the  weights,  and  volumes  of 
the  gafes  confumed,  it  was  concluded  that  water  con- 

fifts 
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(y)  a variety  of  inftruments  have  been  invented  by  the  French  chemifts  for  that  purpofe.  Thefe  inftru- 
ments  they  have  denominated  Gasometers. 

(z)  This  gas  (hall  be  afterwards  deferibed.  It  has  the  property  of  abforbing  almoft  inftantaneoufly  the  oxy- 
gen gas  with  which  it  comes  into  contact.  It  is  therefore  often  ufed,  in  order  to  difeover  how  much  oxygen 
gas  exifts  in  any  mixture. 
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mufl  have  been  owing  to  common  air  remaining 
in  the  tubes  and  other  parts  of  the  apparatus,  in 
fpite  of  all  the  precautions  that  were  taken  to  prevent  it ; 
if  it  did  not  rather  proceed  from  unavoidable  errors 
in  their  valuations.  Or.  Troy. 

The  quantity  of  azotic  gas  introduced  was  151,178 
The  quantity  found  in  the  refiduum  was  170,258 


There  was  therefore  a furplus  of  - - 19,080  gr. 

As  fufficient  precautions  had  been  taken  to  prevent 
the  introdudion  of  carbonic  acid  gas,  the  quantity 
found  in  the  refiduum  muft  have  been  formed  during 
the  procefs.  There  mud  therefore  have  been  a fmall 
quantity  of  carbon  introduced.  Now  zinc  often  contains 
carbon,  and  hydrogen  has  the  property  of  diffolving 
carbon  : probably,  then,  the  carbon  was  introduced  in 
this  manner.  The  carbonic  acid  found  in  the  refiduum 
amounted  to  23,306  grains,  which,  according  to  La- 
voifier’s  calculation,  is  compofed  of  8,958  grains  of  car- 
bon, and  14,348  grains  of  oxygen. 

Subftrafting  thefe  8,958  grains  of  carbon,  and  the 
,530  of  a grain  of  hydrogen,  which  remained  in  the  vef- 
fel,  from  the  total  of  hydrogen  introduced,  there  will 
remain  852,690  grains  for  the  hydrogen  that  difap- 
peared. 

Subftradling  the  14,348  grains  of  oxygen  which  en- 
tered into  the  compofition  of  the  carbonic  acid,  and  the 
refiduum  of  oxygen,  which  amounted  to  188,371  grains, 
the  quantity  of  oxygen  that  difappeared  will  amount 
to  5093,940  grains. 

Hydrogen  that  difappeared,  - - 852,690  gr.  troy. 

Oxygen,  - 5093,940 
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Total, 

Quantity  of  water  obtained, 


- 5946,630 

- 5943*798 


Which  is  lefs  than  the  gafes  eon- 

fumed  by  . - - - 2,832  grains*. 

Such  are  the  principal  experiments  upon  which  the 
opinion  is  founded  that  water  is  a compound.  Let  us 
examine  them,  and  fee  whether  they  are  fufficient  to 
eftablilh  that  opinion.  The  circumftances  which  chief- 
ly claim  our  attention,  and  which  have  been  chiefly  in- 
fifted  on,  are  thefe  : 

r.  The  whole  of  the  gafes  was  not  confumed. 

2.  In  the  refiduum  were  found  feveral  fubftances 
which  were  not  introduced,  and  which  muft  therefore 
have  been  formed  during  the  combuftion. 

3.  The  water  obtained  was  feldom  perfedlly  pure. 
It  generally  contained  fome  nitric  acid. 

4.  As  only  part  of  the  gafes  were  confumed,  and  as 
all  gafes  contain  water  in  them,  might  not  the  gas 
which  difappeared  have  been  employed  in  forming  the 
other  fubftances  found  in  the  refiduum  ? and  might  not 
the  water  obtained  have  been  merely  what  was  former- 
ly diflblved  in  the  gafes,  and  which  had  been  precipi- 
tated during  the  experiment  ? 

That  the  whole  of  the  gafes  was  not  confumed,  will 
notfurprife  us,  if  we  recolledl:  that  it  is  impoffible  for 
that  to  take  place,  allowing  them  to  be  perfedly  pure, 
except  they  be  mixed  in  precifely  the  proper  propor- 


tions, and  not  even  then,  except  every  particle  of  them 
could  be  raifed  to  the  proper  temperature.  Now  how  '' 
can  this  be  done  in  experiments  of  that  nature? 

But  how  is  it  poffible  to  procure  a large  quantity  of 
gas  completely  pure  ? and  fuppofing  it  were  poffible, 
how  can  every  particle  of  atmofpheric  air  be  excluded  ? 
In  the  laft  experiment,  notwithftanding  every  precau- 
tion, 15  cubic  inches  (French)  were  admitted;  and 
there  is  reafon  to  believe,  from  the  refults,  that  the 
quantity  was  even  confiderably  greater  than  this.  But 
if  any  atmofpheric  air  be  admitted,  there  muft  be  a refi- 
duum of  azotic  gas. 

In  the  firft  experiment  it  had  been  previoufly  afcer- 
tained  that  the  oxygen  gas  employed  contained  T^th 
of  azotic,  or  about  233,05  grains  ; and  the  refiduum 
contained  at  moft  329,1  grains,  or  96,05  grains  more 
than  what  had  for  certain  pre-exifted  in  the  gafes. 

In  the  fecond  experiment,  the  azot  in  the  refiduum, 
amounted  at  moft  to  .^th  of  the  oxygen  gas  employed. 
But  the  oxygen  was  procured  from  the  black  oxyd  of 
manganefe,  which  always  yields  a quantity  of  azot  as 
well  as  of  carbonic  acid.  It  has  been  afcertained,  that 
the  azot,  mixed  with  oxygen  gas  procured  in  that  man- 
ner, often  exceeds  -g-th. 

In  the  third  experiment,  the  azotic  gas  found  In  the 
refiduum  amounted  to  1 70,258  grains  ; and  the  quanti- 
ty contained  in  the  gafes  before  combuftion  amounted 
to  151,178  grains : the  furplus,  therefore,  amounted 
to  1908  grains. 

Now,  is  it  not  much  more  probable  that  thefe  incon- 
fiderable  quantities  of  azot,  which,  in  the  laft  experi- 
ment amounted  to  no  more  than  part  by  weight 
of  the  whole  gas  employed,  pre-exifted  in  the  gafes  be- 
fore the  combuftion  began,  though  their  extreme  mi- 
nutenefs  prevented  them  from  being  difcovered,  than 
that  they  were  formed  during  the  experiment?  a fup- 
pofition  which  is  diredly  contradicted  by  a great  num- 
ber of  well  afcertained  fadls. 

As  to  the  carbonic  acid  gas,  which  in  the  fecond  ex- 
periment amounted  to  of  the  gafes  employed,  it 
was  evidently  derived  from  the  manganefe,  which  al- 
moft  conftantly  contains  it.  And  when  carbonic  acid 
is  once  mixed  with  oxygen,  it  is  difficult  to  feparate  it 
by  means  of  lime  water,  except  a large  quantity  be  ufed, 
as  Mr  Cavendilh  has  well  obferved.  The  reafon  is  that 
oxygen  gas  has  the  property  of  diflblving  carbonic  acid, 
as  Mr  Welter  has  remarkedf.  Mr  le  Fevre  de  Gi 
neau  afcertained  by  experiment  that  1870  cubic  inches 
of  oxygen  gas  which  did  not  affed  lime  water,  loft  be- 
tween -y-g-th  and  yV^h  of  its  weight  when  waftied  in 
milk  of 

In  a fecond  experiment,  he  previoufly  waflied  the 
two  gafes  in  milk  of  lime,  and  the  refiduum  after  com- 
buftion contained  no  carbonic  acid  gas.  In  a third  ex- 
periment he  waflied  only  the  oxygen,  and  obtained  pro- 
dufls  equally  free  from  carbonic  acid.  It  is  certain, 
then,  that  the  carbonic  acid  is  but  an  accidental  mix- 
ture. As  to  the  carbonic  acid  of  the  third  experiment 
above  related,  which  amounted  only  to  -j-} ^ part  of  the 
gafes  employed,  the  fource  of  it  has  been  already  point- 
ed out. 

As 
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(b)  Lime  mixed  with  water  till  it  is  of  the  thickhefs  of  milk,  or  rather  of  cream. 
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ley’s  experlnTents  rather  confirm  than  deftroy  the  theo- 
ry of  the  compofition  of  water.  We  obtain  from  them, 
however,  one  curious  piece  of  information,  that  the  pre- 
fence of  copper  increafes  the  quantity  of  nitric  acid 
formed.  This  curious  fa£t,  with  a variety  of  others  of 
a fimilar  nature,  will  perhaps  afterwards  claim  our  at- 
tention ; but  at  prefent  we  mull  confider  another  the- 
ory which  this  phenomenon  fuggelled,  and  which  was 
firft  propofed,  we  believe,  by  Mr  de  la  Metherie  (e). 

Had  the  French  chemifts,  it  has  been  faid,  employed 
copper  veifels  in  their  experiments,  they  would  have  ob- 
tained three  times  the  quantity  of  nitric  acid.  This 
acid,  therefore,  mull  in  their  experiments  have  been  de- 
compofed,  after  having  been  formed,  for  want  of  a bafe 
to  combine  with  ; and  the  azot  which  appeared  in  the 
refiduum  was  owing  to  this  decompofition.  Hydrogen 
and  oxygen,  therefore,  do  not  form  water,  but  azot  (f). 
Let  us  examine  the  experiment  of  Mr  Le  Fevre  by  this 
theory,  as  the  quantity  of  azot  was  accurately  afcer- 
tained.  The  nitric  acid  obtained  amounted  to  43,456 
grains;  three  times  that  quantity  Is  130,368  grains, 
into  which  23054  grains  of  gas  were  converted  ; which 
is  impolTible.  Or  even  fuppofing  that  the  decompoli- 
tion  had  been  going  on  during  the  whole  experiment, 
which  is  directly  contrary  to  Dr  Prieftley’s  experi- 
ments, and  which  there  is  no  reafon  whatever  to  fup- 
pofe,  but  every  reafon  againft — Hill  the  whole  azot  a- 
mounted  only  to  -^th  of  the  quantity  of  gas  employed, 
allowing  this  gas  to  have  contained  no  azot,  which  was 
evidently  not  the  cafe.  It  appears,  then,  that  this  hy- 
pothelis,  even  if  it  could  be  admitted,  would  be  totally 
inadequate  to  account  for  the  phenomena.  But  If  We 
were  to  examine  It  by  Mr  Seguln’s  experiment,  its  ab- 
furdity  would  be  ftill  more  glaring.  In  that  experi- 
ment the  azotic  gas  amounted  to  only  19  grains,  and 
the  quantity  of  gas  which  difappeared  was  5946  grains  : 
fo  that  were  the  hypothefis  true,  oxygen  and  hydrogen 
gas  would  confift  of  one  part  of  oxygen  and  hydrogen 
and  312  parts  of  water;  a fuppofition  fo  enormoufly 
abfurd,  that  it  is  impoffible  for  any  perfon  even  to  ad- 
vance it. 

It  is  impoffible,  therefore,  for  the  phenomena  which 
attend  the  combullion  of  oxygen  and  hydrogen  gas  to 
be  accounted  for  in  any  way  conliftent  with  common 
fenfe,  except  we  fuppofe  that  water  Is  formed. 

But  the  experiments  above  related,  conclufive  as  they 
appear,  are  not  the  only  ones  by  which  this  important 
faiS  has  been  afcertained.  Melfrs  Van  Troollvvyk  and 
Dieman,  affifted  by  Mr  Cuthbeftfon,  filled  a fhiall  glafs 
tube,  -jth  of  an  inch  in  diameter  and  12  inches  long, 
with  diftilled  w'ater.  One  end  of  this  tube  was  fealed 
hermetically  ; but,  at'thefame  time,  a fmall  gold  wire 
had  been  palfed  through  it.  Another  wire  palled  thro’ 
the  open  end  of  the  tube,  and  could  be  fixed  at  greater 


or  fmaller  diftances  from  the  firft  wire.  By  means  of  Watn  i 
thefe  wires,  they  made  a great  number  of  eledrical  ex-  |. 

plofions  pafs  through  the  water.  Bubbles  of  air  ap- 
peared at  every  explofion,  and  collefted  at  the  top  of 
the  tube.  When  eledric  fparks  were  palled  through  this 
air,  it  exploded  and  difappeared  almoft  completely.  It 
mull  therefore  have  confided  of  a mixture  of  oxygen 
and  hydrogen  gas^  and  this  gas  mull  have  been  formed 
by  the  decompofition  of  the  water  : for  they  had  taken 
care  to  deprive  the  water  before  hand  of  all  its  air, 
and  they  ufed  every  precaution  to  prevent  the  accefs  of 
atmofpherical  air  ; and,  befides,  the  quantity  of  gas 
produced  did  not  diminifh,  but  rather  increafed,  by 
continuing  to  operate  a number  of  times  upon  the  fame 
water,  which  could  not  have  been  the  cafe  had  it  been 
merely  air  dilTolved  in  water  : nor  would  atmofpherical 
air  have  exploded  and  left  only  a very  fmall  refiduum, 
not  more  than  ^th  part.  They  had  taken  care  alfo 
to  prove  that  the  ele^lric  fpark  did  not  contribute  to 
form  hydrogen  gas;  for  on  palling  It  through  fulphu-  ! 
ric  and  nitric  acids,  the  produdl  was  not  hydrogen,  but 
oxygen  gasf.  f >«»•/!  fc 

Thefe  experiments  have  been  Cnee  repeated  by  Dr  Phyf.  % , ^ 
Pearfon,  affifted  by  Mr  Cuthbertfon.  ■ He  produced,  3^9*  1 

by  means  of  eleflricity,  quantities  of  gas  from  water,  ! 

amounting  to  56,5488  cubes  of  ^-Vh  of  an  inch  each; 
on  nitrous  gas  being  added  to  which,  it  fuffered  a dimi- 
nution of  bulk,  and  nitrous  acid  appeared  to  have  been 
formed  ; It  mull  therefore  have  contained  oxygen  gas. 

When  oxygen  gas  was  added  to  the  remainder,  and 
an  eledlrlc  fpark  palfed  through  it,  a diminution  took 
place  precifely  as  When  oxygen  and  hydrogen  gas  are 
mixed:  It  mull  therefore  have  contained  hydrogen. 

When  an  eleftric  fpark  w&s  palfed  through  the  gas 
thus  produced  from  water,  the  gas  difappeared,  being 
no  doubt  converted  into  water*.  » ^ 

Such  are  the  proofs  by  which  the  compound  nature  fans  J.  : 
of  water  is  afcertained  j and  we  do  not  believe  that  any  i. : 
phyfical  fa£l  whatever  can  be  produced  which  is  fup- 
ported  by  more  complete  evidenoei  - 

But  what  becomes  of  the  featoric  whioliswas  previ- 
oiifly  combined  With  thefe"gafes  ? It ’palfes  through  the 
velTel  and  is  loll,  and  its  weight  is  too  incbnfiderable  to 
make  any  fenfible  variation  in  the  quantity  of  the  pro- 
du6l.  If  we  were  to  judge  from  analogy,  we  would 
conclude,  that  the  oxygen  and  hydrogen,  while  in  the 
Hate  of  gas,  are  probably  fomewhat  lighter  than  after 
they  are  condenfed  into  water  -;  but  the  difference,  if  it 
exifts,  can  fcarcely  be  fenfible. 

Water  is  capable  of  combining  with  a vaft  number  of  Combr 
fubllances : all  bodies,  indeed,  which  are  foluble  in  wa-  tion  a 
ter  form  a chemical  union  with  It.  afiinit  £ 

Its  affinity  for  otlier  bodies  is  doubtlefs  various,  tho’ 
we  have  no  method  of  afeertaining  this  difference,  ex- 
cept 


(e)  Another  favourite  theory  of  La  Metherie  was,  that  gafes  themfelves  are  deftitute  of  gravity,  and  that 
they  owe  their  whole  weight  to  the  water  with  which  they  are  combined  : that  during  combullion  the  water 
of  the  two  gafes  is  depblited  ; and  that  the  gafes  themfelves  efcape  through  the  veffel  and  are  loft.  He 
complains  bitterly  that  this  theory  had  never  been  noticed  by  his  antagonifts  ; as  if  it  were  neeeffary  to  refute 
a hypothefis  which  is  not  fupported  by  any  proof  whatever,  and  as  if  it  had  not  been  proved  that  oxygen  in- 
creafes the  weight  of  metals,  and  confequently  polTeffes  gravity. 

( f)  This,  as  has  been  formerly  explained,  was  the  original  opinion  of  Dr  Priellley ; to  which,  though  he  does  not 
explain  himfelf  fully,  he  evidently  ftill  adheres.  Th^r^  is  then  no  difference  between  his  theory  and  this,  except 
what  relates  to  the  decompofition  of  the  nitric  acid. 
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[Alcohol,  cept  in  thofe  bodies  which  have  no  affinity,  or  but  a 
^ very  fmall  affinity,  for  each  other ; and  it  is  only  in 
a few  even  of  thefe  that  this  difference  can  be  afcer- 
tained.  If  muriat  of  barytes  be  poured  into  lime  wa- 
ter, the  lime  is  precipitated,  owing,  no  doubt,  to  the  fu- 
peripr  affinity  of  the  muriat  for  water.  Several  very 
curious  inftanGes  of  the  affinity  of  different  falts  for  wa- 
ter have  been  mentioned  by  Mr  Quatremere  Dijonval. 
When  the  folutions  of  nitrat  of  lime  and  nitrat  of  mag- 
nefia  in  water  are  mixed  together,  the  nitrat  of  magne- 
fia  is  precipitated.  Muriat  of  magnefia  is  alfo  precipi- 
tated by  muriat  of  lime,  and  fulphat  of  magnefia  by 
fulphat  of  lime  : fo  that  it  would  feem  that  the  falts 
which  have  magnefia  for  their  bafis,  have  a Isfs  affinity 
dc  for  water  than  thofe  whofe  bafis  is  lime:};, 
xvii.  Water  has  the  property  of  diffolving  oxygen  gas. 
If  a quantity  of  common  air  be  confined  for  Ibme  time 
above  w'ater,  the  whole  of  the  oxygen  \s  abforbed,  and 
nothing  but  the  azotic  gas  remains.  This  faft  was  firft 
obferved  by  Mr  Scheele. 
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Chap.  II.  Of  Alcohol, 

Wine  has  been  known  from  the  earlieft  ages.  The 
Scriptures  inform  us,  that  Noah  planted  a vineyard 
and  drank  wine  ; and  the  heathen  writers  are  unanimous 
in  afci  ibing  the  Invention  of  this  liquor  to  their  earlieff 
kings  and  heroes.  Beer,  too,  feems  to  have  been  difco- 
vered  at  a very  remote  period.  It  was  in  common  ufe 
in  Egypt  in  the  time  of  Herodotus*.  Tacitus  informs 
us,  that  it  w'as  the  drink  of  the  Germansf . Whether 
the  ancients  had  any  method  of  procuring  ardent  fpirits 
from  thefe  or  any  other  liquors,  does  not  appear.  The 
Greeks  and  Romans  feem  to  have  been  ignorant  of  ar- 
dent fpirits  altogether,  at  leaft  we  can  difcover  no  tra- 
ces of  any  fuch  liquor  in  their  writings.  But  among 
the  northern  nations  of  Europe,  intoxicating  liquors 
were  in  ufe  from  the  earlieft  ages.  Whether  thefe  li- 
quors refemble  the  beer  of  the  Germans,  we  do  not 
know.  It  is  certain  at  leaft,  that  the  method  of  procur- 
ing ardent  fpirits  by  diftlllation  was  known  In  the  dark 
ages  ; and  it  is  more  than  probable  that  it  was  pradlifed 
in  the  north  of  Europe  much  earlier.  They  are  men- 
tioned exprefsly  by  Thaddseus,  Villanovanus,  and 

Lully:};’ 

Ardent  fpirits,  fuch  as  brandy,  for  Inftance,  rum,  and 
whifky,  confift  almoft  entirely  of  three  Ingredients,  wa- 
ter, alcohol  or  fpirlt  of  ivine,  to  which  they  owe  their 
ftrength,  and  a I'mall  quantity  of  a peculiar  oil,  to  which 
they  owe  their  flavour. 

The  alcohol  may  be  feparated  from  the  water  by  the 
following  procefs.  Into  the  whifky  or  other  ardent  fpl- 
rit  a quantity  of  potafs  is  to  be  put,  which  has  juft  imme- 
diately before  been  expofed  for  about  half  an  hour  in  a 
crucible  to  a red  heat,  in  order  to  deprive  it  of  moifture. 
Potafs  in  this  ftate  has  a ftrong  attradlion  for  water ; it 
accordingly  combines  with  the  water  of  the  fpirit,  and 
the  folution  of  potafs  thus  formed  finks  to  the  bottom  of 
the  veffel,  and  the  alcohol,  which  is  lighter,  fwims  over 
it,  and  may  eafily  be  decanted  off ; or,  what  is  perhaps 
better,  the  folution  of  potafs  may  be  drawn  off  from  be- 
low it  by  means  of  a ftop-cock  placed  at  the  bottom  of 
the  veffel.  It  is  impoflible  to  fix  the  quantity  of  potafs 
which  ought  to  be  ufed,  becaufe  that  muft  depend  en- 
tirely on  the  ftrength  of  the  fpirit ; but  it  is  of  no  con- 


fequence  thotgh  the  potafs  employed  be  a little  more 
than  enough.  The  alcohol  thus  obtained  contains  a 
little  potafs  diffolved,  which  may  be  feparated  by  diftil- 
ling  it  in  a water  bath  with  a very  fmail  heat.  The  al- 
cohol paffes  over,  and  leaves  the  potafs  behind.  It  is 
proper  not  to  diftil  to  drynefs.  This  procefs  is  firft 
mentioned  by  Lully.  Alcohol  may  be  obtained  in  the 
fame  manner  from  wine  and  from  beer;  which  liquids 
owe  their  ftrength  entirely  to  the'quantlty  of  that  fub- 
ftance  which  they  contain. 

Alcohol  is  a tranfparent  liquor,  colourlefs  like  water, 
of  a pleafant  fmeU,  and  a ftrong  penetrating  agreeable 
tafte. 

It  is  exceedingly  fluid,  and  has  never  been  frozen, 
though  it  has  been  expefed  to  a cold  fo  great  that  the 
thermometer  ftood  at  — 69°*. 

Its  fpecific  gravity  when  pure  is  about  o,8co. 

It  is  exceedingly  volatile,  boiling  at  the  temperature 
of  176°  ; in  which  heat  it  affumes  the  form  of  an  elattic 
fluid,  capable  of  rtfifting  the  preffure  of  the  atmofphere, 
but  which  condenfes  again  into  alcohol  when  that  tern- 
perature  is  reduced.  In  a vacuum  it  boils  at  56°,  and 
exhibits  the  fame  phenomena : fo  that  w'ere  it  not  for 
the  preffure  of  the  atmofphere,  alcohol  w'ould  always 
exift  in  the  form  of  an  elaftic  fluid,  as  tranfparent  and 
invifible  as  common  air.  This  fubjeft  was  firft  ex- 
amined wdth  attention  by  Mr  Lavoilierf.  The  fafl, 
however,  had  been  known  long  before. 

Alcohol  has  a ftrong  affinity  for  water,  and  Is  mlf- 
ffible  with  it  in  all  proportions.  The  fpecific  gravity  of 
all  the  different  mixtures,  in  every  proportion,  and  in 
all  the  different  degrees  of  temperature,  from  32  to 
100°,  has  been  lately  afcei  tained  with  great  accuracy  by 
Sir  Charles  Blagden  and  Mr  Gilpin.  But  as  a very  full 
account  of  thefe  interefting  experiments  has  been  given 
in  the  Encyclopaedia  in  the  article  Spirituous  Liquors j 
we  do  not  think  ourfelves  at  liberty  to  repeat  it  here. 

If  alcohol  be  fet  on  fire,  it  burns  all  away  with 
a blue  flame,  without  leaving  any  refiduum.  Boerhaave 
obferved,  that  when  the  vapour  which  efcapes  during 
this  combuftion  is  colleded  in  proper  veffels,  it  is  found 
to  confift  of  nothing  but  water.  Junker  had  made  the 
fame  remark : and  Dr  Black  fufpedted,  from  his  own 
obfervations,  that  the  quantity  of  water  obtained,  if  pro- 
perly collefled,  exceeded  the  weight  of  the  alcohol  con- 
fumed.  This  obfervation  was  confirmed  by  Lavoifier  ; 
who  found  that  the  water  produced  during  the  com- 
buftion of  alcohol  exceeded  the  alcohol  confumed  by 
about  4th  part*. 

Different  opinions  were  entertained  by  chemifts  about 
the  nature  of  alcohol.  Stahl  thought  that  it  was  com- 
pofed  of  a very  light  oil,  united  by  means  of  an  acid 
to  a quantity  of  water.  According  to  Junker,  it  was 
compofed  of  phlogifton,  combined  with  water  by  means 
of  an  acid.  Cartheufer,  on  the  other  hand,  affirmed* 
that  it  contained  no  acid,  and  that  it  was  nothing  elfe 
than  pure  phlogifton  and  water.  But  thefe  hypothefes 
were  mere  affertions  fupported  by  no  proof  whatever. 
Lavoifier  was  the  firft  who  attempted  to  analyfe  it. 

He  fet  fire  to  a quantity  of  alcohol  in  clofe  veffels, 
by  means  of  the  following  apparatus : BCDE  ( fig.  6.) 
is  a veffel  of  marble  filled  with  mercury.  A is  a ftrong 
glafs  veffel  placed  over  it,  filled  with  common  air,  and 
capable  of  containing  about  15  pints  (French).  Into 
this  veffel  Is  put  the  lamp  R filled  with  alcohol,  the 

Y y 2 weight 


353 

Its  proper- 
ties. 


» At  Hui- 
fons  Bay. 


f Journ.  ie 
Phyf.  1785. 


.354 
Opinions 
concerning 
its  compo- 
fition. 


« Mem. 
Par.  1781. 
P-  493- 


. 355 

Lavoifier’s 

analyfls. 


344 

Alcohol. 


CHEMISTRY. 


Part 


weight  of  which  has  been  exafl:ly  determined.  On  the 
wick  of  the  lamp  is  put  a fmall  particle  of  phofphorus. 
The  mercury  is  drawn  up  by  fuftion  to  the  height  IH. 
This  glafs  communicates  by  means  of  the  pipe  LK  with 
another  glafs  velfel  S filled  with  oxygen  gas,  and  placed 
over  a velfel  of  water  T.  This  communication  may  be 
fiiut  up  at  pleafure  by  means  of  the  ftop-cock  M. 

Things  being  thus  difpofed,  a crooked  red  hot  iron 
wire  is  ihruft  up  through  the  mercury,  and  made  to 
touch  the  phofphorus.  This  inftantly  kindles  the  wick, 
and  the  alcohol  bums.  As  foon  as  the  flame  begins  to 
grow  dim,  the  llop-cock  is  turned,  and  a communica- 
tion opened  between  the  veflels  S and  A ; a quantity  of 
oxygen  gas  rulhes  in,  and  reftores  the  brightnefs  of  the 
flame.  By  repeating  this  occafionally,  the  alcohol  may 
be  kept  burning  for  fome  time.  It  goes  out,  howeyer, 
at  lafl,  notwithflanding  the  admiffion  of  oxygen  gas. 

The  refult  of  this  experiment,  which  Mr  Lavoifier 
repeated  a great  number  of  times,  was  as  follows: 

The  quantity  of  alcohol  confumed  amounted  to 
76,7083  grains  troy. 

The  oxygen  gas  confumed  amounted  to  266,82  cu- 
bic inches,  and  weighed  90,506  grains  troy. 

The  whole  weight  of  the  fubftanccs  confumed,  there- 
fore, amounted  to  167,2143  grains. 

After  the  combuftion,  there  were  found  In  the  glafs 
velfel  115,41  cubic  inches  of  carbonic  acid  gas,  the 
weight  of  which  was  78,1192  grains  troy.  There  was 
likewife  found  a confiderable  quantity  of  water  in  the 
velfel,  but  it  was  not  poffible  to  collect  and  weigh  it. 
Mr  Lavoifier,  however,  eftimated  its  weight  at  89,095 1 
grains : as  he  concluded,  with  reafon,  that  the  whole 
of  the  fubftances  employed  were  ftill  in  the  velfel.  Now 
the  whole  contents  of  the  velfel  confifted  of  carbonic 
acid  gas  and  water ; therefore  the  carbonic  acid  gas 
and  water  together  mult  be  equal  to  the  oxygen  gas 
and  alcohol  which  had  been  confumed. 

But  78,1192  grains  of  carbonic  acid  gas  contain, 
f according  to  Mr  Lavoifier’s  calculationf,  55,279  grains 

1781.  of  oxygen  : 90,506  grains,  however,  of  oxygen  gas  had 
difappeared  ; therefore  35,227  grains  mull  have  been 
employed  in  forming  water. 

35,227  grains  of  oxygen  gas  require,  in  order  to 
form  water,  6,038  grains  of  hydrogen  gas;  and  the 
quantity  of  water  formed  by  this  combination  is  41,265 
grains.  But  there  were  found  89,095  grains  of  water 
in  the  glafs  vell'el ; therefore  47,83  grains  of  water  mull 
have  exilted  ready  formed  in  the  alcohol. 

It  follows  from  all  thefe  data,  that  the  76,7083  grains 
of  alcohol,  confumed  during  the  combuftion,  were  com- 
pofed  of 

22,840  Carbon, 

6,038  Hydrogen, 

47,830  Water. 


* 

1784. 


76,7  *. 

Such  were  the  confequences  which  Mr  Lavoifier  drew 
from  his  analyfis.  He  acknowledged,  however,  that 
there  were  two  fources  of  uncertainty,  which  rendered 
his  conclufions  not  altogether  to  be  depended  upon. 
The  firft  was,  that  he  had  no  method  of  determin- 
ing the  quantity  of  alcohol  confumed,  except  by  the 


difference  of  weight  in  the  lamp  before  and  after  com-  Alcohe 
bullion ; and  that  therefore  a quantity  might  have  eva- 
porated  without  corhbuftion,  which,  however.  Would  be 
taken  into  thefum  of  the  alcohol  confumed.  But  this 
error  could  not  have  been  great ; for  if  a confiderable 
quantity  of  alcohol  had  exifted  in  rhe  Hate  of  vapour 
in  the  velfel,  an  explofion  would  certainly  have  taken 
place.  The  other  fource  of  error  was,  that  the  quan- 
tity of  water  was  not  known  by  aflual  weight,  bat  by 
calculation. 

To  this  we  may  add,  that  Mr  Lavoifier  was  not  war-  Ingredie 
ranted  to  conclude  from  his  experiment,  that  the  water  of  alcolu 
found  in  the  velfel,  which  had  not  been  formed  by  the 
oxygen  gas  ufed,  had  exilled  in  the  alcohol  in  the  Hate 
of  water:  he  was  intitled  to  conclude  from  his  data,  that 
the  ingredients  of  that  water  exifted  in  the  alcohol  be- 
fore combuftion  ; but  not  that  they  were  adlually  com- 
bined in  the  ftate  of  water,  becaufe  that  combination 
might  have  taken  place,  and  in  all  probability  did  part- 
ly take  place,  during  the  combuftion.  It  follows,  there- 
fore, from  Mr  Lavoifier’s  experiments,  that  alcohol, 
fuppofing  he  ufed  it  perfetftly  pure,  which  is  not  pro- 
bable,  is  compofed  of 

0,2988  parts  carbon, 

0,1840  parts  hydrogen, 

0,5172  parts  oxygen. 


I 
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But  it  gives  us  no  information  whatever  of  the  manner 
in  which  thefe  ingredients  are  combined.  That  alcohol 
contains  oxygen,  has  been  proved  by  a very  ingenious 
fet  of  experiments  performed  by  MeflVs  Fourcroy  and 
VauqUelin.  When  equal  parts  of  alcohol  and  fulphuric 
acid  are  mixed  together,  a quantity  of  caloric  is  difen- 
gaged,  fufiicient  to  elevate  the  temperature  of  the  mix- 
ture to  190®.  Bubbles  of  air  are  emitted,  the  liquor 
becomes  turbid,  alfumes  an  opal  colour,  and  at  the  end 
of  a few  days  a deep  red.  When  examined,  the  ful- 
phuric acid  is  found  to  have  fuffered  no  change  ; but 
the  alcohol  is  decompofed,  partly  converted  into  wa- 
ter and  partly  into  ether,  a fubftance  which  we  fliall  de- 
feribe  immediately.  Now,  it  is  evident  that  the  alcohol 
could  not  have  been  converted  into  water  unlefs  it  had 
contained  oxygen*.  ) 

When  equal  parts  of  fulphuric  acid  and  alcohol  areyonV  Jou\ 
mixed  together  and  heat  applied,  the  mixture  boils  at»<rA»>  3V. 
208°,  and  a liquid  equal  to  half  the  weight  of  the  al- 
cohol comes  over  into  the  receiver.  This  liquid  Is  \ 

ether. 

Ether  is  obfeurely  hinted  at  in  fome  of  the  older  che- 
mical authors,  but  little  attention  was  paid  to  it  till  a 
paper  appeared  in  the  Philofophical  Tranfadtions  for 
1730,  written  by  a German,  who  called  himfelf  Frobe- 
riius  (g),  containing  a number  of  experiments  on  it. 

In  this  paper  it  firft  received  the  name  of  ether. 

Ether  is  limpid  and  colourlefs,  of  a very  fragrant  it$  prop 
fmell,  and  a hot  pungent  tafte.  Its  fpecific  gravity  is  ties. 
0,7394.  exceedingly  volatile,  boiling  in  the  open 

air  at  98°  and  in  a vacuum  at — 20®.  Were  it  not 
therefore  for  the  preflure  of  the  atmofphere,  it  would 
always  exift  in  a gafeous  ftate.  Ether  unites  with  wa- 
ter in  the  proportion  of  ten  parts  of  the  latter  to  one  of 

the 


3jr; 

Ether 


35* 


(g)  The  name  was  fuppofed  to  have  been  feigned. 
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i;ohol.  the  former.*  It  is  exceedingly  inflammable,  and,  when 
kindled  in  the  ftate  of  vapour  burns  with  rapidity,  or 
la'-aguaii.  rather  explodes,  tf  it  be  mixed  with  oxygen  gas. 

Chemifls  entertained  various  opitnons  rel'peding  the 
Tlj'jry  of  nature  of  ether.  Macquer  fupp'  fed,  that  it  was  rnere- 
it8|inua-  Jy  alcohol  deprived  by  the  acid  of  all  its  water.  But  it 
w'as  generally  believed  that  the  acid  entered  partly  into 
its  compofition.  Since  the  nature  of  acids  has  become 
! better  known,  a great  number  of  philofophers  have  fup- 
pofed  that  ether  is  merely  alcohol  combined  with  a quan- 
tity of  oxygen  furnilhed  by  the  acid.  The  real  com- 
pofition  of  this  Angular  fubftance  has  been  lately  afcer- 
tained  by  the  experiments  or  Fourcroy  and  Vauquelin. 

“ A combination  (fay  they)  of  two  parts  of  fulphuric 
acid  and  one  part  of  alcohol  elevates  the  temperature  to 
201®,  becomes  immediately  of  a deep  red  colour,  which 
changes  to  black  a few  days  afterwards,  and  emits  a 
fmell  perceptibly  ethereal. 

“ When  we  carefully  obferve  what  happens  in  the 
combination  of  equal  parts  of  alcohol  and  concentrated 
fulphuric  acid  expofed  to  the  adion  of  caloric  in  a pro- 
per apparatus,  the  following  phenomena  are  feen  : 

“ I.  When  the  temperature  is  elevated  to  208®,  the 
fluid  boils,  and  emits  a vapour  which  becomes  conden- 
fed  by  cold  into  a colourlefs,  light,  and  odorant  liquor, 
which  from  its  properties  has  received  the  name  of  ether. 
If  the  operation  be  properly  conduded,  no  permanent 
gas  is  difengaged  until  about  half  the  alcohol  has  paifed 
over  in  the  form  of  ether.  Until  this  period  there  pafles 
abfolutely  nothing  but  ether  and  a fmall  portion  of  wa- 
ter, without  mixture  of  fulphurous  or  of  carbonic  acid. 

“ 2.  If  the  receiver  be  changed  as  foon  as  the  fulphii- 
rous  acid  manifefts  itfelf,  it  is  obferved  that  no  more 
•ther  is  formed,  but  the  fw'eet  oil  of  wine,  water,  and 
acetous  acid,  without  the  difengagement  hitherto  of  a 
Angle  bubble  of  carbonic  acid  gas.  When  the  fulphu- 
ric acid  conftitutes  about  four-tifths  of  the  mafs  which 
remains  in  the  retort,  an  inflammable  gas  is  difengaged, 
which  has  the  fmell  of  ether,  and  burns  with  a white 
oily  flame.  This  is  what  the  Dutch  chemifls  have  call- 
ed carbonated  hydrogen  gets,  or  olejiant  gas,  becaufe  when 
mixed  with  the  oxy-muriatic  acid  it  lorms  oil.  At  this 
period  the  temperature  of  the  fluid  contained  in  the 
retort  is  elevated  to  230°  or  234°. 

“ 3.  When  the  fw'eet  oil  of  wine  ceafes  to  flow,  if  the 
receiver  be  again  changed,  it  is  found  that  nothing  more 
pafles  but  fulphurous  acid,  water,  carbonic  acid  gas  ; 
and  that  the  refiduum  in  the  retort  is  a black  mafs, 
confifting  for  the  mofl  part  of  fulphuric  acid  thickened 
by  carbon. 

“ The  feries  of  phenomena  here  expofed  will  juftify 
the  following  general  indudions  ; 

“ I.  A fmall  quantity  of  ether  is  formed  fpontane- 
oufly  and  without  the  afliftanee  of  heat,  by  the  com- 
bination of  two  parts  of  concentrated  fulphuric  acid 
and  one  part  of  alcohol. 

“ 2.  As  foon  as  ether  is  formed,  there  is  a produriion 
of  water  at  the  fame  time ; and  w’hile  the  firft  of  thefe 
eoropofitlons  takes  place,  the  fulphuric  acid  undergoes 
no  change  in  its  intimate  nature. 

“ 3.  As  foon  as  the  fulphurous  acid  appears,  no  more 
ether  is  formed,  or  at  leaft  very  little  j but  then  there 
pafles  the  fweet  oil  of  wine,  together  with  water  and 
acetous  acid. 

“ 4.  The  fweet  oil  of  wine  liaving  ceafed  to  come 
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over,  nothing  further  is  obtained  but  the  fulphurous 
and  carbonic  acids,  and  at  laft  fulphur,  if  the  diftilla- 
tion  be  carried  to  drynefs. 

“ The  operation  of  ether  is  therefore  naturally  divided 
into  three  periods : the  firfl,  in  which  a fmall  quantity 
of  ether  and  water  are  formed  without  the  affiftance  of 
heat ; the  fecond,  in  which  the  whole  of  the  ether  which 
can  be  obtained  is  difengaged  without  the  accompani- 
ment of  fulphurous  acid;  and  the  third,  in  which  the 
fweet  oil  of  wine,  the  acetous  acid,  the  fulphurous  acid, 
and  the  carbonic  acid,  are  afforded.  The  three  ftages 
have  no  circumftance  common  to  all,  but  the  continual 
formation  of  water,  which  takes  place  during  the  whole 
of  the  operation. 

“ The  ether  which  is  formed  without  the  alTiflance  of 
caloric,  and  the  carbon  which  is  feparateJ  without  de- 
compofition  of  the  fulphuric  acid,  prove  that  this  acid 
a£ls  on  alcohol  in  a manner  totally  different  from  wh  u 
has  hitherto  been  fuppofed.  It  cannot,  in  fadf,  be  af- 
firmed, that  the  acid  is  altered  by  the  carbon,  becaufe 
daily  experience  fliews  that  no  fenfible  attradiion  takes 
place  between  thefe  two  bodies  in  the  cold  ; neither  can 
it  be  affedled  by  the  hydrogen  ; for  in  that  cafe  fulphu- 
rous acid  would  have  been  formed,  of  which  it  is  known 
that  no  trace  is  exhibited  during  this  firft  period.  We 
muft  therefore  have  recourfe  to  another  fpecies  of  adfion, 
namely,  tlie  powerful  attradtion  exercifed  by  the  fulphu- 
ric acid  upon  water.  It  is  this  which  determines  the. 
union  of  the  principles  which  exift  in  the  alcohol,  and 
with  which  the  concentrated  acid  Is  in  contadt : but 
this  adUon  is  very  limited  if  the  acid  be  fmall  in  quan- 
tity ; for  an  equation  of  affinity  is  foon  eflabliihed,  the 
effedl  of  which  is  to  maintain  the  mixture  in  a ftate  of 
repofe. 

“ Since  it  is  proved  that  ether  is  formed  in  the  cold  by 
the  mixture  of  any  quantities  of  alcohol  and  fulphuric 
acid,  it  is  evident  that  a mafs  of  alcohol  might  be  com- 
pletely changed  into  ether  and  vegetable  acid  by  ufing  a 
iufficient  abundance  of  fulphuric  acid.  It  is  equally 
evident  that  the  fulphuric  acid  would  not  by  this  means 
undergo  any  other  change  than  that  of  being  diluted 
with  a certain  quantity  of  water.  This  obfervation 
proves,  that  alcohol  contains  oxygen,  becaufe  water 
cannot  exift  without  this  principle,  which  muft  be  af- 
forded by  the  alcohol  only,  fmcc  the  fulphuric  acid 
fuffers  no  decompofition. 

“ We  muft  not,  however,  imagine,  from  thefe  fadls, 
that  ether  is  alcohol  minus  oxygen  and  hydrogen.  Its 
properties  alone  would  contradidl  this ; for  a quantity 
of  carbon  proportionally  greater  than  that  of  the  hy- 
drogen is  at  the  fame  time  feparated.  It  may,  in  faiff,, 
be  conceived,  that  the  oxygen,  which  in  this  cafe  com- 
bines with  the  hydrogen  to  form  water,  not  only  fatu- 
rated  that  hydrogen  in  the  alcohol,  but  likewife  the 
carbon.  So  that,  inftead  of  confidering  ether  as  alcohol 
minus  hydrogen  and  oxygen,  we  muft,  by  keeping  an; 
account  of  the  precipitated  carbon  and  the  fmall  quaji- 
tity  of  hydrogen  contained  in  the  water  which  is  form- 
ed, regard  it  as  alcohol  plus  hydrogen  and  oxygen. 

“ The  foregoing  are  the  effeds  produced  by  acombl- 
natiou  of  alcohol  and  fulphuric  acid,  fpontaneoiifly  pro- 
duced wMthoat  foreign  heat.  Let  us  in  the  next  place, 
obferve,  how  this  consbination  is  effected  when  caloric 
is  added.  The  phenomena  are  then  very  different, 
though  feme  of  the  refults  are  the  fame. 
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“ Tn  the  firfi;  place  we  muft  obferve  that  a combina- 
tion of  fulphuric  acid  and  alcohol  in  equal  parts  does  not 
boil  at  lefs  than  207  degrees  of  temperature,  while  that 
of  alcohol  alone  boils  at  1 76.  Now  fxnce  ebullition  does 
not  take  place  till  the  higher  temperature,  it  is  clear 
that  the  alcohol  is  retained  by  the  affinity  of  the  ful- 
phuric acid,  which  fixes  it  more  confiderably.  Let  us 
alfo  ccnfider,  that  organic  bodies,  or  their  immediate 
producfts,  expofed  to  a lively  brilk  heat,  without  the  poffi- 
bility  of  efcaping  fpeedily  enough  from  its  aftion,  fuffer 
a partial  or  total  decompofition,  according  to  the  degree 
of  temperature.  Alcohol  undergoes  this  laft  alteration 
when  palfed  through  an  ignited  tube  of  porcelain.  By 
this  hidden  decompofition  it  is  converted  into  water, 
carbonic  acid  and  carbon.  The  reafon,  therefore,  why 
alcohol  is  not  decompofed  when  it  is  fubmitted  alone  to 
heat  in  the  ordinary  apparatus  for  diftillaiion,  is,  that 
the  temperature  at  which  it  rifes  in  vapours  is  not  ca- 
pable of  efFedting  the  feparation  of  its  principles;  but 
when  it  is  fixed  by  the  fulphuric  acid  or  any  other  bo- 
dy, the  elevated  temperature  it  undergoes,  without  the 
poffibility  of  difengagement  from  its  combination,  is  Ef- 
ficient to  effect  a commencement  of  decompofition,  in 
which  ether  and  water  are  formed,  and  carbon  is  depo- 
fited.  Nothing  more  therefore  happens  to  the  alcohol 
in  thefe  circumftances  than  what  takes  place  in  the  di- 
flillation  of  every  other  vegetable  matter  in  which  water, 
oil,  acid  and  coal  are  afforded. 

“ Hence  it  may  be  conceived  that  the  nature  of  the 
produdts  of  the  decompofition  of  alcohol  muft  vary  ac- 
cording to  the  different  degrees  of  heat ; and  this  ex- 
plains why  at  a certain  period  no  more  ether  is  formed 
but  the  fweet  oil  of  wine  and  acetous  acid.  In  faff, 
when  the  greateft  quantity  of  the  alcohol  has  been 
changed  into  ether,  the  mixture  becomes  more  denfe, 
and  the  heat  which  it  acquires  previous  to  ebullition  is 
more  confiderable.  The  affinity  of  the  acid  for  alcohol 
being  increafed,  the  principles  of  this  acid  become  fepa- 
rated  ; fo  that,  on  the  one  hand,  its  oxygen  feizes  the 
hydrogen  and  forms  much  water,  which  is  gradually 
volatilized  ; while,  on  the  other,  the  ether  retaining  a 
greater  quantity  of  carbon,  with  which  at  that  tempe- 
rature it  can  rife,  affords  the  fweet  oil  of  wine.  This 
laft  ought  therefore  to  be  confidered  as  an  ether  con- 
taining an  extraordinary  portion  of  carbon,  which  gives 
it  more  denfity,  lefs  volatility,  and  a lemon  yellow  co- 
lour. 

“ During  the  formation  of  the  fweet  oil  of  vune,  the 
quantity  of  carbon  which  is  precipitated  is  no  longer  in 
the  fame  proportion  as  during  the  formation  of  ether. 

“ What  we  have  here  ftated  concerning  the  manner  in 
which  ether  is  formed  by  the  fimultaneous  affion  of  the 
fulphuric  acid  and  heat,  appears  fo  conformable  to  truth, 
that  nearly  the  fame  effeff  s may  be  produced  by  a cauf- 
tic  fixed  alkali.  In  this  cafe  alfo  a kind  of  ether  and  a 
fweet  oil  of  wine  are  volatilized,  and  coal  is  precipitated. 
It  is  therefore  only  by  fixing  the  alcohol  that  the  ful- 
phuric acid  permits  the  caloric  to  operate  a fort  of  de- 
compofition. It  may  alfo  be  urged  as  a proof  of  this 
affertion,  that  the  fulphuric  acid,  which  has  ferved  to 
make  ether  as  far  as  the  period  at  which  the  fweet  oil 
of  wine  begins  to  appear,  is  capable  of  faturating  the 
fame  quantity  of  alkali  as  before  its  mixture  with  the 
alcohol}; .” 

Ether  may  alfo  be  obtained  by  means  of  feveral  other 


acids.  The  different  liquids  thus  formed  are  dlftin- 
guiftied  by  prefixing  the  name  of  the  acid  ufed  in  the 
procefs.  Thus  the  ether  above  defcribed  is  called  fulr 
phuric  ether  ; that  obtained  by  means  of  nitric  acid,  ni- 
tric ether t and  fo  on.  There  are  feveral  minute  fhades 
of  difference  between  thefe  various  ethers,  which  have 
not  yet  been  properly  enquired  into. 

Alcohol  is  capable  of  diffolving  a great  many  bodies. 
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A confiderable  number  of  thefe,  with  the  quantities 


foluble,  is  exhibited  in  the  following  tables. 

I.  Suhjlances  diffelved  in  large  quaKtities. 


alcol 


f* 

.1 


Names  of  the  Subftances. 

Tempe- 

rature. 

240  parts 
of  alcohol 
diffolve. 

Nitrat  of  cobalt 

54.5° 

240  parts 

copper 

54>5 

240 

alumina 

54.5 

240 

magnefia  - 

180,5 

694 

Muriat  of  zinc 

54>5 

240 

alumina  . 

54»5 

240 

magnefia  - 

1 8c, 5 

1313 

iron  p 

180,5 

240 

copper  - - 

Acetite  of  lead  - - 
copper* 

180,5 

240 

*W 

Benzoic  acid 

133.5 

Phil 

Sulphat  of  magnefia 

Ixxii 

Nitrat  of  zinc  decompofed 
iron  decompofed 
bifmuth  decompofed 


II.  Suhjlances  dijjohed  in  frnall  ^lanlities. 


Names  of  the  Subftances. 

240  parts  of  1 
alcohol  at  the! 
boiling  tempe- 
rature diffolve.' 

Muriat  of  lime 

240  parts 

Nitrat  of  ammonia 

214 

Oxy-muriat  of  mercury 

212 

Succinic  acid 

177 

Acetite  of  foda 

1 12 

Nitrat  of  filver 

TOO 

Refined  fugar 

59 

Boracic  acid 

48 

Nitrat  of  foda 

23 

Acetite  of  copper 

18 

Muriat  of  ammonia 

^7 

Arfeniat  of  potafs 

9 

Acidulated  oxalat  of  potafs 

7 

Nitrat  of  potafs 

5 

Muriat  of  potafs 

5 

Arfeniat  of  foda 

4 

Barytes 

Strontites 

White  oxyd  of  arfenic 

3 

Tartat  of  potafs 

I 

Phofphorus 

- 

Nitrat  of  lead* 

lime* 

Muriat  of  mercuryf 

Carbon  at  of  ammonia* 

% 

'Y, 


• L tie- 

f A ^Uir, 

ihii. 


III. 


•Frt  II, 

016. 


•'itbering, 
Jl.  Tranf. 

til.  336- 

^ lacquer, 
it- 


361 

FSnities. 


f I s6z 

hfcovery 
*<  oil. 

ilen,  XV. 


^■Herotiot, 

V ii.  59. 
:d  62. 


363 

xcd  oils. 
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III.  Suhjlaiitet  itifoluble  with  alcohol. 


Sugar  oTmilk, 

Sulphat  of  foda. 

Borax, 

magnefia. 

Tartar, 

Sulphite  of  foda, 

Alum, 

Tartrite  of  foda  and 

Sulphat  of  ammonia. 

potafs. 

lime. 

Phofphoric  acid. 

barytes*. 

Nitrat  of  lead. 

iron(green), 

mercury, 

copper. 

Muriat  of  lead, 

filver. 

filverj, 

mercury, 

Common  fait. 

zinc. 

Carbonat  of  potafs, 

potafs. 

foda. 

Thefehave  been  chiefly  borrowed  from  tables  which 
Mr  de  Morveau  publifhed  in  the  Journal  de  Phyfique 
July  1785,  and  which  were  drawn  up  for  the  moft 
part  from  the  experiments  defcribed  in  Wenzel’s  Trea- 
tife  on  Affinities. 

The  affinities  of  alcohol  are  very  imperfedlly  known. 
Thofe  ftated  by  Bergman  are  as  follows : 

Water, 

Ether, 

Volatile  oil, 

Sulphurets  of  alkalies. 

Chap.  III.  Of  Oils. 

Oil,  which  is  of  fuch  extenfive  utility  in  the  arts, 
was  known  at  a very  remote  period.  It  is  mentioned 
in  Genefis,  and  duriirg  the  time  of  Abraham  was  even 
ufed  in  lamps*.  The  olive  was  very  early  cultivated, 
and  oil  extracted  from  it  in  Egypt.  Gecrops  brought 
it  from  Sais,  a town  in  Lower  Egypt,  where  it  had 
been  cultivated  from  time  immemorial,  and  taught  the 
Athenians  to  extrait  oil  from  it.  In  this  manner  the 
ufe  of  oil  became  known  in  Europe.  But  the  Greeks 
feem  to  have  been  ignorant  of  the  method  of  procuring 
light  by  means  of  lamps  till  after  the  fiege  of  Troy  ; 
at  leaft  Homer  never  mentions  them,  and  conftantly  de- 
fcribes  his  heroes  as  lighted  by  torches  of  wood. 

Oils  are  divided  into  two  clafles,  Fixed  and  Volatile; 
each  of  which  is  diflinguifhed  by  peculiar  properties. 

I.  The  FIXED  OILS,  called  alfo  fat  or  exprejfed  oils, 
arenumerous,  and  are  obtained,  partly  from  animals  and 
partly  from  vegetables  by  Ample  expreffion.  As  in- 
ftances,  we  fhall  mention  W'hale  oil  or  train  oil,  obtained 
from  the  blubber  of  the  whale  ; olive  oil,  obtained  from 
the  fruit  of  the  olive  ; lintfeed  oil,  and  almond  oil,  ob- 
tained from  lintfeed  and  almond  kernels.  Fixed  oils 
may  alfo  be  obtained  from  poppy  feeds,  hemp  feeds, 
beech  mail,  and  many  other  vegetable  fubflances. 

All  thefe  oils  differ  from  each  other  in  feveral  parti- 
culars, but  they  alfo  poffefs  many  particulars  in  com- 
mon. Whether  the  oily  principle  in  all  the  fixed  oils  is 
the  fame,  and  whether  they  owe  their  differences  to  ac- 
cidental ingredients,  is  not  yet  completely  afcertained, 
as  no  proper  analyfis  has  hitherto  been  made  ; but  it  is 
exceedingly  probable,  as  all  the  oils  hitherto  tried  have 
been  found  to  yield  the  fame  prodiufls.  In  the  prefent 
ftate  of  our  knowledge,  it  would  be  ufelefs  to  give  a 
particular  defcription  of  all  the  fixed  oils,  as  the  diffQ*^ 
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rences  between  them  have  not  even  been  acairately  af- 
certained. We  fhall  content  ourfelves,  therefore,  with 
giving  the  charaiflers  which  difiinguifh  fixed  oils  in  ge- 
neral, and  an  analyfis  of  one  oil,  by  way  of  fpecimen.  ^^4 

Fixed  oils  are  infoluble  in  alcohol,  which  diftinguilh-  Their  pro- 
es  them  from  volatile  oils.  They  are  alfo  infoluble  in  perties. 
water. 

They  have  an  undluous  feel,  are  tranfparent  while 
fluid,  are  deflitute  of  fmell,  and  have  a mild  infipid  kind 
of  tafte. 

They  are  all  fufceptible  of  becoming  folid  by  expo- 
fure  to  a fufficient  degree  of  cold.  Olive  oil  and  al- 
mond oil  freeze  at  loj-  degrees J.  t Cbaptal's 

They  are  capable  of  being  converted  into  vapour  by 
heat ; but  require  for  that  purpofe  a temperature  con- 
fiderably  fuperior  to  that  of  boiling  water.  Olive  oil  ' 
boils  at  600®,  and  moft  of  the  fixed  oils  hitherto  tried 
require  nearly  the  fame  degree  of  heat. 

When  in  the  ftate  of  vapour,  they  take  fire  on  the 
approach  of  an  ignited  body,  and  burn  with  a yellowifh 
white  flame.  It  is  upon  this  principle  that  candles  and 
lamps  burn.  The  tallow  or  oil  is  firft  converted  into 
the  ftate  of  vapour  in  the  wick,  it  then  takes  fire,  and 
fupplies  a fufficient  quantity  of  heat  to  convert  more 
oil  Into  vapour,  and  this  procefs  goes  on  while  any  oil 
remains.  The  wick  is  neceffary  to  prefent  a fufficient- 
ly  fmall  quantity  of  oil  at  once  for  the  heat  to  aft  up- 
on. If  tire  heat  were  fufficiently  great  to  keep  the 
whole  oil  at  the  temperature  of  600°,  no  wick  would  be 
neceffary,  as  is  obvious  from  oil  catching  fire  fponta- 
neouHy  when  it  has  been  ralfed  to  that  temperature,  . ^65 

Mr  Lavoifier  analyfed  olive  oil,  by  burning  it  in  pre-  Analyfis  o|' 
cifely  the  fame  apparatus  as  that  which  he  employed  for  oil,, 
analyfing  alcohol. 

The  quantity  of  oil  confumed  amounted  to  15,79 
grains  troy. 

The  quantity  of  oxygen  gas  amounted  to  50,86  gr, 
troy.  The  whole  amount  therefore  of  the  fubftances 
confumed  during  the  combuftion  is  66,65  grains  troy. 

The  carbonic  acid  obtained  amounted  to  44,50  gr. 

There  was  alfo  a confiderable  quantity  of  water,  the 
weight  of  which  could  not  be  accurately  afcertained: 
but  as  the  whole  of  the  fubftances  confumed  were  con- 
verted into  carbonic  acid  gas  and  water,it  is  evident,  that; 
if  the  weight  of  the  carbonic  acid  be  fubtrafted  from 
the  weight  of  thefe  fubftances,  there  muft  remain  pre- 
cifely  the  w-eight  of  the  water.  Mr  Lavoifier,  accord- 
ingly concluded,  by  calculation,  that  the  w'eight  of  the 
water  w^as  22,15  grains.  Now  the  quantity  of  oxygen 
in  44,50  grains  of  carbonic  acid  gas  is  32,04  grains, 
and  the  oxygen  in  22,15  grains  of  water  is  18,82  grains: 
both  of  which  taken  together  amount  to  50,86  grains, 
precifcly  the  weight  of  the  oxygen  gas  employed. 

There  does  not  appear  therefore  to  be  any  oxygen  in 
olive  oil. 

The  quantity  of  carbon  in  44,50  grains  of  carbonic 
acid  gas  is  12,47  grains  ; and  the  quantity  of  hydro- 
gen in  22,15  grains  of  water  Is  3,32  grains;  both  of 
which,  when  taken  together,  amount  to  15,79  grains, 
which  is  the  weight  of  the  oil  confumed. 

It  follow^s,  therefore,  from  this  analyfis,  that  15,79 
grains  of  olive  oil  arc  compofed  of 


12,47  Carbon, 
3,3<2  Hydrogen. 


OlivQ 
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Olive  oil  therefore  ta  compoied  of  about 
79  Carbon, 
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pofes  all  the  mucilage  ; they  fecm  alfo  to  lofc  part  of  OU  , 


21  Hydrogen. 


lOO' 


• J^tm, 

Par.  1784.  jn  what  manner  thefe  fubflances  are  combined,  can- 
learned  from  this  analylis.  Whether  they  com- 
1787  7«/  diredtly,  and  faturate  each  other  in  that  proportion, 

’ as  is  mod  probable — or  whether  the  hydrogen  is  com- 
bined previoufly  with  a part  of  the  carbon,  and  that 
compound  combining  with  a certain  quantity  of  carbon, 
forms  oil,  is  altogether  uncertain.  Yet  thefe  qiieftions 
are  of  the  utmoft  importance  ; and  till  the  method  of 
folving  them  be  difcov^red,  we  never  can  acquire  any 
precife  ideas  about  the  conllituent  parts  of  a great  num- 
ber of  fubdances,  which,  though  formed  ultimately  of 
the  fame  ingredients,  differ  very  much  in  their  proper- 
ties from  one  another ; as  wax  and  oil ; alcohol,  fugar, 
2^6  and  ether. 

Rancidity.  When  fixed  oils  are  expofed  to  the  atmofphere,  they 
become  thick,  acquire  a brown  colour,  and  a peculiarly 
unpleafant  fmell  : they  are  then  faid  to  be  rancid. 
When  oil  is  poured  upon  water,  fo  as  to  form  a thin 
layer  on  its  furface,  and  is  in  that  manner  expofed  to 
the  atmofphere,  thefe  changes  are  produced  much  foon- 
er,  the  oil  becomes  thicker,  and  aifumes  an  appearance 
very  much  refembling  wax.  Berthollet,  who  firft  exa- 
mined thefe  phenomena  with  attention,  afciibed  them 
to  the  aftion  of  light : but  Sennebier  obferved,  that  no 
fuch  change  was  produced  on  the  oil  though  ever  fo 
long  expofed  to  the  light,  provided  atmofpherical  air 
was  excluded  ; but  that  it  took  place  on  the  admiffion 
of  oxygen  gas,  whether  the  oil  was  expofed  to  the  light 
f Ann.  de  Or  not  f.  It  cannot  be  doubted,  then,  that  it  is  owing 
Chim.  xi.  to  the  combination  of  oxygen.  All  fubftances  that  are 
89.  capable  of  fupplying  that  principle,  the  metallic  oxyds, 

for  inllance,  and  feveral  of  the  acids,  produce  the  fame 
effedt  upon  oils  ; and  it  is  a known  faft,  that  oil  is 
capable  of  reducing  many  of  the  metallic  oxyds  to  the 
metallic  ftate,  and  confequently  that  it  has  a ftronger 
affinity  for  oxygen. 

Mr  Chaptal  has  fuppofed  that  oils  become  rancid 
merely  becaufe  they  contain  a quantity  of  mucilage, 
with  which  the  oxygen  combines,  and  that  when  oxy- 
gen combines  with  fixed  oils,  it  produces  a different  ef- 
feft,  converting  them  into  what  is  called  drying  oils. 

It  is  certain  that  oils  contain  a quantity  of  mucilage  ; 
but  fome  change  is  evidently  produced  on  the  oils  them- 
felves  by  rancidity  ; for  no  agitation  in  water  is  capable 
of  reftoring  them  to  their  former  ftate,  alrhough  water 
25y  deprives  them  of  their  mucilage.  Drying  oilst  fo  called 
Dryingoils.  becaufe  they  are  capable  of  drying  completely  when 
fpread  out,  a property  which  renders  them  ufeful  in 
painting,  feem,  as  bennebier  obferves,  to  be  completely 
deprived  of  mucilage ; for,  in  order  to  render  an  oil 
drying,  it  mult  be  boiled,  which  evaporates  or  decom- 


their  hydrogen  j;.  . ^ ^ 

Fixed  oils  are  capable  of  diffolving  fulphur  at  their  36 
boiling  temperature.  The  folution  is  very  fetid,  owing  Fixed  • . 
to  a partial  deconjpofition  of  the  oil.  Hydrogen  gas  diflolv  I. 
flies  off,  having  a quantity  of  fulphur  diflblved  in  it. 

When  the  folution  cools,  the  fulphur  cryftallizes. 

Fixed  oils  dilfolve  phofphorus.  The  folution  is  lu-  And  pi . 
minous,  from  the  flow^  combuftion  of  the  phofphorus.  phorus 
Fixed  oils  are  capable  of  combining  with  many  of 
the  metallic  oxyds.  The  compounds  are  called  vietallic  ; 
foaps.  Several  of  the  oxyds  are  decompofed  by  being 
boiled  in  oils. 

Fixed  oils  combine  alfo  with  the  alkaline  earths  and 


wnth  alumina.  The  compounds  are  called  ifar/Zy/ yoaj&j. 


The  afiinities  of  the  oils  are  as  follows 


Nitric  acid. 

Muriatic, 

Sulphurous, 

Sulphuric, 

Acetous, 

Sulphur, 

Phofphorus  (i) 


Their  . 
nitisi. 
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Lime, 

Barytes, 

Fixed  alkalies, 

Mignefia, 

Ammonia, 

Oxyd  of  mercury. 

Other  metallic  oxyds  (h). 

Alumina. 

II.  Volatile  oils,  called  alfo  o/V/,  are  all  Volatil 

obtained  from  vegetables.  They  have  a ftrong  aroma- 
tic  fmell,  and  a pungent  acrid  tafte.  They  are  fo  vo- 
latile, that  they  may  be  diftilled  by  the  heat  of  boiling 
water.  They  are  foluble  in  alcohol,  but  not  in  water. 

They  evaporate  on  the  application  of  heat,  without 
leaving  any  ftain  behind  them,  which  is  not  the  cafe 
with  the  fixed  oils.  By  this  left,  accordingly,  it  is  eafy 
to  difcover  whether  they  have  been  adulterated  with 
any  of  the  fixed  oils.  Let  a drop  of  the  volatile  oil  fall 
upon  a fheet  of  waiting  paper,  and  then  apply  a gentle 
heat  to  it.  If  it  evaporates  without  leaving  any  ftain 
upon  the  paper,  the  oil  is  pure  ; but  if  it  leaves  a ftain, 
it  has  been  contaminated  w ith  fome  fixed  oil  or  other. 
Volatile  oils  are  very  numerous,  and  differ  from  one 
another,  in  fluidity  and  weight,  in  their  freezing  point, 
and  in  feveral  other  particulars.  Little  attention  has 
been  paid  to  the  greateft  part  of  them,  becaufe  few  of 
them  have  been  found  of  any  ufe.  The  principal  qua- 
lity for  which  they  are  valued  is  their  odour.  Some 
of  them  are  obtained  by  expreffion,  as  oil  of  berga- 
mot, lemons,  oranges ; others  by  diftillation,  as  oil  of 
pepper-mint,  thyme,  lavender,  &c.  It  would  be  ufe- 
lefs,  even  if  it  were  poffible,  to  give  a particular  de- 


fcription  of  all  the  volatile  oils. 


They  are  more  inflammable  than  the  fixed  oils  ; a Their  11- 
quality  which  they  owe  to  their  volatility.  As  far  P«*'**'‘ 
as  experiments  have  hitherto  been  made,  they  feem 
to  coniift  of  carbon  and  hydrogen  ; but  nothing  is 
known  concerning  the  proportions  of  thefe  ingredients. 

They  thicken  when  expofed  to  the  air,  probably  by 
combining  with  oxygen,  and  form  rg/iaj  (k). 

When 


(h)  Their  order  not  well  afcertained. 

(i)  The  firft  column  was  afcertained  by  Berthollet.  The  laft  is  to  be  confidered  as  unconneifted  with  the  firft. 
On  account  of  the  affinity  of  thefe  two  claffes  of  bodies  for  each  other,  it  has  not  been  poffible  to  difcover  which 
of  them  has  the  greateft  affinity  for  oil. 

(k)  Refins  are  concrete  vegetable  juices ; the  diftinguifliing  property  of  w'hich  is  infolubillty  in  water  and 
folubility  in  alcohol.  Common  r^tn,  or  roftn^  from  which  they  derive  their  name,  is  one  of  them,  and  fealing 
wax  confifts  almoft  entirely  of  another. 
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compound,  confiid'ing  of  potafs  and  carbonic  acid  ; that 
lime  deprived  it  of  this  acid  ; and  that  it  became  more 
adtive  by  becoming  more  fimple. 

While  Dr  Black  was  thus  occupied  in  Scotland,  Mr 
Meyer  was  employed  in  Germany  in  the  faraerefearches; 
Irom  w'hich,  however,  he  drew  very  different  conclu- 
fions.  His  Effays  on  Lime  appeared  in  1764.  Pour- 
ing into  lime  water  a folution  of  potafs  (earbonat  of  po- 
tafs), he  obtained  a precipitate,  which  he  found  not  to 
differ  from  lime-ftone.  The  alkali  had  therefore  de- 
prived the  lime  of  its  caufticity  and  its  adtive  properties  ; 
and  thefe  very  properties  it  had  itfelf  acquired.  From 
w hich  he  concluded,  that  the  caufticity  of  lime  was  ow- 
ing to  a particular  acid  with  which  it  had  combined 
duiing  its  calcination.  The  alkali  deprived  the  lime  of 
this  acid,  and  therefore  had  a ftronger  affinity  for  it. 
To  this  acid  he  gave  the  name  of  acidum  pingue  or  cauf- 
ticusfi.  It  was,  according  to  him,  a fubtile  elaftic  mixt, 
analogous  to  fulphur,  approaching  very  nearly  to  the 
nature  of  fire,  and  adtually  compofed  of  an  acid  princi- 
ple and  fire.  It  was  expanfible,  compreffible,  volatile, 
aftringent,  capable  of  penetrating  all  veffels,  and  was 
the  caufe  of  caufticity  in  lime,  alkalies,  and  metals. 
This  theory  was  exceedingly  ingenious,  and  it  wasfup- 
ported  by  a vaft  number  of  new  and  important  faffs. 
But  notwithftanding  the  reputation  and  acknowledged 
genius  and  merit  of  its  author,  it  never  gained  many 
followers  ; becaufe  the  true  theory  of  caufticity,  which 
had  been  already  publifhed  by  Dr  Black,  foon  became 
know'n  on  the  continent;  and,  notwfithftanding  fome 
oppofition  at  firft,  foon  carried  conviflion  into  every 
unprejudiced  mind.  Even  Mr  Meyer  himfelf  readily 
acknowledged  its  truth  and  importance,  though  he  did 
not  at  firft,  on  that  account,  give  up  his  own  theory. 

When  potafs  is  expofed  to  the  aftion  of  fire,  it  firft 
becomes  foft,  and  melts  into  a tranfparent  liquid  at  the 
commencement  of  ignition. 

When  expofed  to  the  air,  it  attradfs  moifture  very 
faft,  and  is  foon  converted  into  a liquid.  It  attradfs, 
at  the  fame  time,  carbonic  acid  gas,  for  wffiich  it  has  a 
very  ftrong  affinity.  It  is  impoffible,  then,  to  keep 
potafs  in  a ftate  of  purity,  except  in  very  clofe  veffels. 

It  unites  readily  with  fulphur,  and  forms  fulphuret  of 
potafs.  This  compound  may  be  formed  two  ways  ; ei- 
ther by  mehing  the  ingredients  together,  or  by  boiling 
them  in  water,  and  then  filtrating  the  folution.  Sul- 
phuret  of  potafs  when  dry,  in  which  ftate  it  is  obtained 
by  the  firft  pr.ocefs,  is  of  a brown  colour.  It  is  foluble 
in  water,  and  very  foon  attradfs  moifture. 

While  dry  it  produces  no  change  upon  the  air  of 
the  atmofphere,  as  Meffrs  Dieman,  Van  Trooftwyck, 
Nieuwland,  and  Bondt,  afcertained  by  experiment*. 
But  when  moiftened  with  water,  it  very  foon  abforbs 
all  the  oxygen  gas  which  happens  to  be  in  the  veffel  in 
which  it  is  inclofed,  and  leaves  nothing  but  azotic  gas. 
This  fa<S  was  firft  obferved  by  Scheele,  and  induced 
him  to  ufe  fulph-uret  of  potafs  for  an  eudiometer,  or  in- 
ftrument  to  meafure  the  quantity  of  oxygen  contained 
in  any  given  portion  of  atmofpheiic  air. 

If  fulphuret  of  potafs  be  allowed  to  remain  moift,  and 
in  contadf  with  the  atmofphere,  it  is  gradually  convert- 
ed into  fulphat  of  potafs  by  the  fulphur  combining 
with  oxygen,  and  forming  fulphuric  acid.  At  the 
fame  time  the  fulphuret  emits  a fetid  fmell,  which  is 
known  to  be  the  odour  of  fulphurated  hydrogen  gas. 
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The  fulphuret  then  decompofes  the  water  with  Which  Alkalie ' 
it  is  mixed.  Very  little  fulphurated  hydrogen  gas,  , 

however,  is  emitted,  except  an  acid  (the  fulphuric,  for 
inftance)  be  poured  upon  the  mixture,  and  then  it  is, 
given  out  very  copioufly.  The  reafon  of  this  is,  that 
there  is  an  affinity  between  the  potafs  and  this  gas. 
Accordingly  it  is  retained  by  the  potafs  after  it  is  form- 
ed. But  as  the  acids  have  a much  ftronger  affinity  for 
potafs,  as  foon  as  any  of  them  is  poured  in,  the  gas  is 
obliged  to  feparate:];.  . j 

If  liquid  fulphuret  of  potafs  be  kept  in  clofe  veffels, 
it  is  not  decompofed  except  in  part ; becaufe  as  foon 
as  the  alkali  is  faturated  with  the  fulphurated  hydrogen 
gas,  the  adtion  of  the  fulphur  on  the  water  is  at  an  end*. 

The  explanation  of  the  adtion  of  this  fulphuret  on 
the  atmofphere,  which  the  Dutch  chemifts  above-men- 
tioned give  from  thefe  data,  is  as  follows  ; 

Sulphuret  of  potafs  decompofes  water  ; fulphurated 
hydrogen  gas  is  formed,  and  abforbed  by  the  alkali. 

This  gas  has  a ftrong  affinity  for  oxygen,  w'hich  it 
abforbs  from  the  atmofphere  : the  hydrogen  combines 
with  this  oxygen,  and  forms  water  ; and  the  fulphur  is 
again  precipitated,  or  rather  left  combined  with  the  po- 
tafs. Water  is  again  decompofed  by  the  attradlion  of 
the  fulphur  for  oxygen  ; new  fulphurated  hydrogen  gas 
is  again  formed  ; again  abforbed  ; again  attrafts  oxy- 
gen gas ; and  is  again  decompofed.  And  this  procefs 
goes  on  till  the  w'hole  of  the  fulphur  has  combined  with 
oxygen,  and  confequently  till  the  fulphuret  is  converted 
into  a fulphatf. — The  only  part  of  this  theory  which  | 
requires  confirmation  is  the  adiion  of  fulphurated  hy- 
drogen gas  on  oxygen  gas,  and  the  confequent  forma- 
tion of  water.  And  this  they  have  rendered  not  impro- 
bable, by  (hewing  that  fulphurated  hydrogen  gas  com- 
bined with  alkali  has  the  property  of  ^bforjbing  oxygen 
gas  from  the  atmofphere \Ibid.i  ■ 
Potafs  unites  with  phofphorus  by  fufion,  and  forms  3°5-  ; 

a phofphuret  of  potafs.  Little  is  known  concerning  , 
its  properties,  except  that  it  produces  phofphurated  hy- 
drogen  gas.  ^ ' 

Potafs  feems  alfo  capable  of  combining  with  carbon. 

Potafs  does  not  combine  with  the  metals;  but  it 
unites  with  many  of  their  oxyds. 

When  a folution  of  potafs  is  boiled  upon  filica  re- 
cently procured,  it  diffolves  part  of  it.  As  the  folu- 
tion cools,  it  affumes  the  appearance  of  a jelly,  even 
though  previoufly  diluted  with  17  times  its  own  weight 
of  water*.  * Bergn^ 

When  equal  parts  of  filica  and  potafs  are  melted  to-  “•  32* 
gether,  they  combine  and.  form  glafs.  A fubftance 
which,  whether  we  confider  its  hardnefs,  beauty,  and 
tranfparency,  its  amazing  dudlility  while  hot,  or  the 
difficulty  of  decompofing  it,  muft  be  allowed  to  be  one 
of  the  moft  ufcful  compounds  ever  invented  by  man. 

When  the  quantity  of  potafs  is  double  or  triple  that 
of  the  filica,  the  glafs  is  foluble  in  water^  and  forms 
what  is  called  liquor filicum. 

Potafs  feems  alfo  capable  of  combining  in  the  fame 
manner  wfith  barytes,  lime,  magnefia,  and  alumina  ; but 
thefe  combinations  have  never  been  examined  with  at- 
tention. Lime,  however,  is  often  added  to  the  mate- 
rials for  making  glafs,  and  is  fuppofed  to  increafe  its 
hardnefs  and  folidity. 

The  metallic  oxyds  have  the  property  of  rendering 
glafs  more  fufible,  and  of  communicating  various,  co- 
lours 
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lours  to  it ; they  accordingly  very  often  make  a part 
of  its  compofition.  The  colours  communicated  by  thefe 
oxyds  will  appear  from  the  following  table  ; 


Metallic  Oxyds. 

Oxyd  of  gold  and  tin, 
Silver,  - 
Iron,  - 
Lead,  - 
Zinc, 

Antimony, 

Arfenic, 

Cobalt, 

Nickel, 

Manganefe,  - 
Tungften, 
Molybdenum, 
Uranium, 
Titanium,  - 
Tellurium,  - 
Chromum,  - 


Colour  communicated  to  Glafs. 
Purple. 

Yellow  or  golden. 

Pale  green. 

Colourlefs. 

- White. 

Green  (n). 

- White. 

Blue. 

Blue  (o) 

- Red. 

- Colourlefs. 

Colourlefs. 

- Grey  (opake). 

- White  (opake). 

- White. 

Green. 
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Potafs  combines  readily  with  fixed  oils,  and  forms 
the  compound  known  by  the  name  foap. 

Petal's  has  never  yet  been  decompofed.  ' Several  che- 
mifts,  indeed,  have  conjedured,  that  it  was  a compound 
of  lime  and  azot ; and  fome  perfons  have  even  endea- 
voured to  prove  this  by  experiment  ; but  none  of  their 
proofs  are  at  all  fatisfadory.  We  ought,  therefore,  in 
llrid  propriety,  to  have  affigned  it  a place  in  the  firll 
part  of  this  article  ; but  this  would  have  feparated  the 
alkalies  from  each  other,  and  would  have  introduced  a 
confufion  into  the  article,  which  would  have  more  than 
counterbalanced  the  logical  exadnefs  of  the  arrange- 
ment. Befides,  we  are  certain,  from  a variety  of  fads, 
that  all  the  alkalies  are  compounds : One  of  them  has 
adually  been  decompounded  ; and  the  other  two  have 
been  deteded  in  the  ad  of  formation,  though  the  in- 
gredients which  compofe  them  have  not  hitherto  been 
difeovered. 

Whether  potafs  contains  lime  is  a different  queftion. 
Were  we  to  judge  from  analogy,  we  Ihould  fuppofe, 
that  the  four  alkaline  earths,  and  the  three  alkalies, 
poflefs  one  common  principle.  They  have  a great  num- 
ber of  common  properties,  and  perhaps  ought  to  be 
claffed  altogether  under  the  name  of  alkalies. 

That  azot  enters  into  the  compofition  of  all  thefe 
bodies,  as  Fourcroy  has  conjedured,  is  far  from  impro- 
bable. One  alkali,  as  we  lhall  foon  fee,  adually  con- 
tains azot.  But  no  conclufion  can  be  drawn  till  future 
difeoveries  have  lifted  off  the  veil  which  at  prefent  ob- 
ftruds  our  view. 

The  affinities  of  potafs  are  as  follows  ; 

Sulphuric  acid. 

Nitric, 

Muriatic, 

Sebacic, 

Fluoric, 

Phofphoric, 


I s T R Y. 

Oxalic, 

Tartarousj 

Arfenic, 

Succinic, 

Citric, 

Formic, 

Ladic, 

Benzoic, 

Sulphurous, 

Acetous, 

Saccholadic, 

Boracic, 

Nitrous, 

Carbonic, 

Pruffic, 

Oil, 

Sulphur, 

Phofphorus, 

Water. 

The  place  of  the  metallic  oxyds  has  not  yet  been 
afeertained. 


Alkalict. 


Sect.  II.  Of  Soda. 

Soda,  c?i\\zdi  mineral  alkali,  becaufe  it  is  found  in  the 
earth,  was  known  to  the  ancients  under  the  names  of 
v;>rp!iy  and  nitrum  (p).  It  was  long  confounded  with  po- 
tafs : and  perhaps  was  never  properly  diftinguifhed  from 
it  till  Du  Hamel  publifhed  a*  paper  on  the  fubjed  in  1736.  383 

Its  properties,  while  pure,  are  preclfely  the  fame  Properties 
with  thofe  of  potafs,  excepting  only  that  its  a^nity  for 
other  bodies  is  not  fo  ftrong  ; it  does  not,  therefore, 
require  any  particular  defeription.  We  ought  to  men- 
tion, however,  that  it  differs  from  potafs  in  one  particu- 
lar ; potafs  attrads  raoifture  in  the  air,  but  foda  parts 
with  it,  and  when  expofed  to  the  atmofphcre,  foon 
crumbles  down  into  a dry  powder. 

It  is  capable  of  combining  with  all  the  fubftances 
with  which  potafs  unites  ; but  it  forms  compounds  pof- 
feffed,  in  general,  of  very  different  properties  from  thofe 
of  the  compounds  into  which  potafs  enters. 

It  is  reckoned  more  proper  than  potafs  for  forming 
glafs  and  foap. 

Some  chemifts  have  fuppofed  that  it  is  compofed  of 
magnefia  and  azot ; but  their  proofs  are  infufficient. 

The  order  of  its  affinities  is  the  fame  with  that  of 
potafs. 

Sect.  III.  Of  Ammonia. 

.384 

Ammonia  ( ct_),  volatile  alkali,  or  hartjhorn,  as  it  is  Difeovery 
called  in  commerce,  is  mentioned  as  early  as  the  15th  ammo- 
century.  Both  Bafil  Valentine  and  Raymond  Lully 
deferibed  the  methods  of  procuring  it.  Dr  Black  was 
the  firit  who  diftinguiffied  pure  ammonia  from  the  car- 
bonat  of  ammonia,  or  ammonia  combined  with  carbo- 
nic acid  ; and  Dr  Prieftley  fir  ft  difeovered  the  method 
of  obtaining  it  in  a ftate  of  complete  purity. 

To  obtain  pure  ammonia,  mix  common  fal  ammoniac 
with  three  parts  of  flacked  lime  ; apply  heat ; and  re- 
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(n)  If  the  glafs  be  made  with  foda. 

(o)  But  reddilh  if  the  glafs  be  formed  of  foda.  Klaproth. 

(p)  The  nTpov  of  the  Athenians  was  evidently  the  fame  fubftance  ; and  fo  was  the  *inJof  the  Hebrews. 

(q_)  We  have  adopted  this  word,  which  is  Dr  Black’s,  becaufe  we  think  it  preferable  to  ammoniac  or  ammo-> 

niaca,  the  words  propofed  and  ufed  by  the  French  chemifts. 
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ciple  in  nature  which  communicated  tafte  and  folubili- 
ty  to  the  bodies  in  which  it  was  combined.  Beecher 
embraced  the  fame  opinion;  and  added  to  it,  that  this 
acid  principle  was  a compound  of  earth  and  water, 
which  he  confidered  as  two  elements.  Stahl  adopted 
the  theory  of  Beecher,  and  endeavoured  to  prove,  that 
his  acid  principle  was  fulphuric  acid;  of  which,  ac- 
cording to  him,  all  the  other  acids  were  mere  com- 
pounds. But  his  proofs  were  only  conjedlures  or  vague 
experiments,  from  which  nothing  could  be  deduced. 
Neverthelefs,  his  opinion,  like  every  other  which  he  ad- 
vanced in  chemiftry,  continued  to  have  fupporters  for  a 
long  time,  and  was  even  countenanced  by  Macquer. 
At  laft  its  defers  began  to  be  perceived,  Bergman  and 
Scheele  declared  openly  againft  it ; and  their  difeove- 
ries,  together  with  thofe  of  the  French  chemifts,  not- 
withftanding  the  ill-natured  attempts  of  Monnet  to  fup- 
port  it,  demonftrated  the  falfehood  of  both  parts  of  the 
theory,  by  (hewing  that  fulphuric  acid  did  not  exift  in 
the  other  acids,  and  that  it  was  not  compofed  of  water 
and  earth,  but  of  fulphur  and  oxygen. 

The  opinion  however,  that  acidity  is  owing  to 
fome  principle  common  to  all  the  falls,  was  not  aban- 
doned. Wallerius,  Meyer  and  Sage,  had  advanced 
different  theories  in  fucceffion  about  the  nature  of  this 
principle  ; but  as  they  were  founded  rather  on  conjec- 
ture and  analogy  than  diredf  proof,  they  obtained  but 
few  advocates.  At  laft  Mr  Lavoifter,  by  a number  of 
ingenious  and  accurate  experiments,  proved,  that  feveral 
combuftible  fubftances  when  united  with  oxygen,  form 
acids;  that  a great  number  of  acids  contain  oxy- 
gen ; and  that  when  this  principle  is  feparated  from 
them,  they  lofe  their  acid  properties.  He  conclud- 
ed, therefore,  that  the.  acidifying  principle  is  oxygen, 
and  that  acids  are  nothing  elfe  but  combuftible  fub- 
ftances combined  with  oxygen,  and  differing  from  one 
another,  according  to  the  nature  of  the  combuftible  bafe. 
This  conclufion  has  been  confirmed  by  every  fubfe- 
quent  obfervation.  All  the  acids  hitherto  analyfed 
contain  oxygen,  one,  perhaps  excepted,  the  PruJJic  acid, 
which  poffeffes  properties  fo  different  from  the  reft,  that 
it  might,  without  great  impropriety,  be  placed  in  a di- 
ftindt  clafs.  It  is  probable,  therefore,  that  thofe  acids 
which  it  has  not  yet  been  poflible  to  decompofe  confift 
of  oxygen  combined  with  a combuftible  bafe  : but  till 
this  analyfis  has  adually  been  accomplifhed,  the  theory 
of  Mr  Lavoifter  cannot  be  confidered  as  completely  de- 
monftrated(R). 

The  acids  at  prefent  known  amount  to  about  39, 
moft  of  which  have  been  examined  within  thefe  30 
years.  Their  names  are  as  follows  : 
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15.  Tartarous, 

16.  Citric, 

17.  Malic, 

1 8.  Ladtic, 

19.  Saccholadtic, 

20.  Gallic, 

21.  Benzoic, 

22.  Succinic, 

23.  Camphoric, 

24.  Suberic, 

25.  Laccic, 

26.  Pyromucous, 


28.  Pyrotarous, 

29.  Pruffic, 

30.  Formic, 

31 . Sebacic, 

32.  Bombic, 

33.  Zoonic, 

34.  Arfenic, 

35.  Tungftic, 

36.  Molybdic, 

37.  Chromic,  , 

38.  Platinic, 

39.  Stannic, 
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1 . Sulphuric  acid, 

2.  Sulphurous, 

3.  Nitric, 

4-.  Nitrous, 

5.  Muriatic, 

6.  Oxy-muriatic, 

7.  Phofphoric, 


8.  Phofphorous, 

9.  Boracic, 

10.  Fluoric, 

11.  Carbonic, 

12.  Acetic, 

13.  Acetous, 

14.  Oxalic, 


27.  Pyrolygnous, 

Thefe  acids  fhall  form  the  fubjedt  of  the  following 
fedtions. 

Sect.  I.  Of  Sulphuric  Acid. 

Sulphur  combines  with  two  different  quantities  of 
oxygen  ; with  the  fmaller  quantity  it  forms  fulphurous 
acid ; with  the  \2agcr,  fulphuric  acid.  The  laft  of  thefe 
is  the  fubjedl  of  the  prefent  fedtion.  293 

The  ancients  were  acquainted  with  fome  of  the  com-  Difeovery 
pounds  into  which  fulphuric  acid  enters  ; alum,  for  in-  offulphuric 
ftance,  and  green  vitriol : but  they  appear  to  have  been 
ignorant  of  the  acid  itfelf.  It  is  firft  mentioned  in  the 
works  of  Bafil  Valentine,  which  were  publilhed  about 
the  end  of  the  15th  century. 

It  was  for  along  timeobtaiped  by  diR'iWin^  green 
triol,  a fait  compofed  of  fulphuric  acid,  and  green  oxyd 
of  iron  ; hence  it  was  called  oil  of  vitriol,  and  afterwards 
vitriolic  acid.  Another  method  of  obtaining  it  was  by 
burning  fulphur  under  a glafs  bell ; hence  it  was  called 
alfo  oleum  fulphuric  per  campanam.  The  French  che- 
mifts, in  1787,  when  they  formed  a new  chemical  no- 
menclature, gave  it  the  name  of  fulphuric  acid. 

At  prefent  it  is  generally  procured  by  burning  a Method  of 
mixture  of  fulphur  and  nitre  in  chambers  lined  with  procuring 
lead.  The  theory  of  this  procefs  requires  no  explana- 
tion.  The  nitre  fupplies  a quantity  of  oxygen  to  the 
fulphur,  and  the  air  of  the  atmofphere  furnifhes  the  reft. 

The  acid  thus  obtained  is  not  quite  pure,  containing  a 
little  potafs,  fome  lead,  and  perhaps  alfo  nitric  and  ful- 
phurous acids.  Thefe  acids  may  be  driven  off  by  ap- 
plying for  fome  time  a gentle  heat,  and  afterwards  the 
fulphuric  acid  itfelf  may  be  diftilled  over  pure.  395 

It  appears  from  an  experiment  of  Mr  Beithollet,  compe- 

that  fulphuric  acid  contains  63,2  parts  of  fulphur,  and  parts. 
36,8  of  oxygen.  He  afeertained,  in  the  firft  place*,  * Mem. 
that  nitre  is  totally  decompofed  by  being  heated  with  Pur.  1781. 
^th  of  fulphur.  He  then  mixed  together  288  grains  of 
nitre,  and  72  of  fulphur  ; and  after  expoftng  them  to 
a fufficient  heat,  he  found  12  grains  of  fulphur  fublim- 
ed,  and  228  grains  of  fulphat  of  potafsf.  But  the  f Af^OT. 
fum  of  the  ingredients  was  360  grains  ; confequently 
1 20  grains  had  been  diffipated . All  this  lofs  muft  have 
been  fuffered  by  the  acid  of  the  nitre,  for  the  heat  was 
too  fmall  to  feparate  any  of  the  alkali.  According  to 
Mr  Kirwan  288  grains  of  nitre  contain  132,96  of  al- 
kali. 


(r)  This  theory  has  been  carried  fo  far  by  fome  chemifts,  that  they  have  confidered  it  as  aconclufive  proof, 
that  oxygen  did  not  enter  into  the  compofition  of  a body,  if  they  could  fhew  that  the  body  was  not  an  acid*. 
Thus,  according  to  them,  water  cannot  contain  oxygen,  becaufe  water  is  not  an  acid. — But  furely  no  theory, 
however  ingenious  and  fatisfadlory , can  for  a moment  be  put  in  competition  with  experiment.  The  ways  of 
Nature  are  not  as  our  ways,  nor  her  thoughts  as  our  thoughts. 
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kali,  and  155,04  of  acid.  155,04 — 120  = 35,04  — 
quantity  of  oxygen  furniflied  by  the  nitre  to  convert 
60  grains  of  fulphur  into  acid. 

Sulphuric  acid  is  a liquid,  fomewhat  of  an  oily  con- 
fidence, tranfparent  and  colourlefs  as  water,  without 
any  I'mel),  and  of  a very  ftrong  acid  talle.  When  ap- 
plied to  animal  or  vegetable  fubftances,  it  very  foon  de- 
flroys  their  texture. 

It  always  contains  a quantity  of  water  ; part  of  which, 
however,  may  be  driven  off  by  the  application  of  a mo- 
derate Jreat.  This  is  called  concentrating  the  acid. 
When  as  much  concentrated  as  pofiible,  its  fpecific 
gravity  is  2,000. 

It  changes  all  vegetable  blues  to  a red,  except  Indigo. 

According  to  Erxleben,  it  boils  at  546°  ; according 
to  Bergman,  at  572°. 

When  expofed  to  a fufficient  degree  of  cold  it  cry- 
ftallizes  or  freezes  ; and  after  this  has  once  taken  place, 
it  freezes  again  by  the  application  of  a much  inferior 
cold.  Moiveau  froze  it  at — 4°;  it  affumed  the  ap- 
pearance of  frozen  fnow.  After  the  procefs  began  it 
went  on  in  a cold  not  nearly  fo  intenfe.  The  acid  melt- 
ed flowly  at  37,5°  ; but  it  froze  again  at  the  fame  tem- 
perature, and  took  five  days  to  melt  in  the  temperature 
of  43°  %.  Chaptal,  who  rnanufadtured  this  acid,  once 
obferved  a large  glafs  veflelfull  of  it  cryftallized  at  the 
temperature  of  48°.  Thefe  cryftals  were  in  groups, 
and  confided  of  flat  hexahedral  prifms,  terminated  by 
a fix-fided  pyramid.  They  felt  hotter  than  the  fur- 
rounding bodies,  and  melted  on  being  handled.*  Chap- 
tal has  obferved,  that  fulphuric  acid,  in  order  to  cry- 
ftallize,  muft  not  be  too  concentrated.  This  obferva- 
tion  has  been  extended  a good  deal  further  by  Mr  Keir. 
He  found,  that  fulphuric  acid,  of  the  fpecific  gravity  of 
1,780,  froze  at  45°  ; but  if  it  was  either  much  more 
or  much  lefs  concentrated,  it  required  a much  greater 
cold  for  congelation  j-. 

Sulphuric  acid  has  a very  ftrong  attradlion  for  water, 
Neumann  found,  that  when  expofed  to  the  atmofphere 
it  attracted  6,25  times  its  own  weight.  Mr  Gould 
found,  that  180  grains  of  acid,  when  expofed  to  the 
atmofphere,  attradled  68  grains  of  water  the  firft  day, 
58  the  fecond,  39  the  third,  23  the  fourth,  18  the 
fifth,  and  at  laft  only  5,  4,  3,  4,  3,  &c.  The  28th 
day  the  augmentation  was  only  half  a grain.*  The 
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affinity  therefore  between  fulphuric  acid  and  water,  as 
is  the  cafe  in  general  with  other  fubftances,  becomes 
weaker  the  nearer  they  approach  to  faturation.  He 
does  not  fpecify  the  fpecific  gravity  of  his  acid  ; but  as 
it  only  attradled  3,166  times  its  own  weight,  it  could 
not  have  been  very  concentrated. 

When  fulphuric  acid  is  mixed  with  water,  a great 
quantity  of  caloric  is  evolved.  A mixture  of  equal 
parts  of  thefe  liquids  caufes  a heat  almoft  equal  to  tliat 
of  boiling  water.  Lavoifier  and  De  la  Place  found, 
that  when  2,625  troy  of  fulphuric  acid,  of  the  fpe- 
cific gravity  1,87058,  was  mixed  with  1,969183.  troy 
of  water,  as  much  caloric  was  evolved  as  melted  4,1226 
pounds  troy  of  ice,  or  as  much  caloric  as  the  acid  and 
water  would  have  given  out  had  they  been  heated  with- 
out mixture  to  155,9°  t*  This  caloric  is  owing  chief- 
ly, if  not  folely,  to  the  increafe  of  denfity  in  the  water  ; Par.  i 
for  when  equal  quantities  of  fulphuric  acid  and  water  are 
mixed  together,  the  fpecific  gravity  is  much  greater 
than  the  mean  ; and  it  has  been  formerly  fliewn,  that 
whenever  bodies  become  denfer  they  give  out  caloric. 

Since  there  is  fuch  a ftrong  affinity  between  fulphu-  Strengi 
ric  acid  and  water,  and  fince  the  denfity  of  the  mixture  fulphui 
is  different  from  the  mean  denfity  of  the  ingredients,  it  °^ 
becomes  a problem  of  the  greateft  importance  to  deter- 
mine  how  much  of  the  ftrongeft  fulphuric  acid  that  can 
be  prepared  exifts  in  any  given  quantity  of  fulphuric 
acid  of  inferior  fpecific  gravity,  and  which  confequent- 
ly  confifts  of  a determinate  quantity  of  this  ftrong  acid 
diluted  with  water. 

This  problem  has  been  folved  by  Mr  Kirwan  He  f Irijt 
took  fulphuric  acid  of  the  fpecific  gravity  2,000,  which  ‘^’canf, 
is  the  ftrongeft  that  can  be  procured,  for  his  ftandard, 
and  the  point  was  to  determine  how  much  of  this  ftan- 
dard acid  exifted  in  a given  quantity  of  acid  of  inferior 
denfity. 

He  concluded,  from  a number  of  experiments  with 
fulphuric  acid,  of  the  fpecific  gravities  1,8846,  1,8689, 
1,8042,  1^7500  (for  he  could  not  procure  an  acid  of 
the  fpecific  gravity  2,000  at  the  temperature  of  60°,  in 
which  his  experiments  were  performed),  that  when 
equal  parts  of  ftandard  acid  and  water  are  mixed,  the 
denfity  is  increafed  by  -^th  part  of  the  whole  mixture. 
Then,  by  applying  a formula  given  by  Mr  Poujet  (s), 
he  calculated,  that  the  increafe  of  denfity,  on  mixing 

different 


(s)  Mr  Poujet  undertook  the  examination  of  the  fpecific  gravity  of  alcohol  mixed  with  different  quantities  of 
water.  He  took  for  his  ftandard  alcohol  whofe  fpecific  gravity  was  0,8 199,  at  the  temperature  of  65,75°.  He 
then  fermed  ten  mixtures  ; the  firft  containing  nine  meafures  of  alcohol  and  one  of  water,  the  fecond  eight  mea- 
fures  of  alcohol  and  two  of  water,  and  fo  on  till  the  laft  contained  oniy  one  meafure  of  alcohol  and  nine  of  wa- 
ter. He  took  care  that  each  of  thefe  meafures  fhould  contain  equal  bulks,  which  he  afeertained  by  weight,  ob- 
ferviiig  that  a meafure  of  water  was  to  a meafure  of  alcohol  as  i to  0,8199.  Thus  10000  grains  of  water  and 
8199  of  alcohol  formed  a mixture  containing  equal  bulks  of  each.  From  the  fpecific  gravity  of  each  of  thefe 
mixtures  he  difeovered  how  much  they  had  diminifhed  in  bulk  in  confequence  of  mixture,  by  the  following 
method. 

Calling  A the  real  fpecific  gravity  of  any  of  the  mixtures  ; B its  fpecific  gravity  found  by  calculation,  fup- 
pofing  no  diminution  of  bulk ; n the  number  of  meafures  compofing  the  whole  mafs  ; n — .v  the  number  to  which 
it  is  reduced  in  confequence  of  mutual  penetration — it  is  evident,  fince  the  increafe  of  denfity  does  not  diminifti 

_____  g 

the  weight  of  the  whole  mafs,  that  «B  = « — x X A.  Therefore  x — — r— X or  (making  n = 1)  = 

A — B A — B ^ 


is  therefore  the  diminution  of  volume  produced  by  the  mixture. 


The 
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jilphuric  different  quantities  of  ftandard  acid  and  water,  was  as 
( Acid,  in  the  following  table  ; 


Number  of 
parts  of 
water. 

Number  of 
parts  of  ftan- 
dard acid. 

Augmenta- 
tion of  den- 
fity. 

5 

95 

0,0252 

10 

90 

0,0479 

15 

85 

0,0679 

20 

80 

0,0856 

25 

75 

0,0699 

30 

70 

0, 1 1 1 9 

35 

65 

0,1213 

40 

60 

0,1279 

45 

55 

0,1319 

50 

50 

o»i333 

The  firft  50  numbers  of  the  following  table  were 
formed  by  adding  thefe  augmentations  to  the  fpecific 
gravity  of  the  above  mixture  found  by  calculation,  and 
taking  the  arithmetical  mean  for  the  intermediate  quan- 
tities. The  remaining  numbers  were  formed  from  ac- 
tual obfervation.  He  found  by  the  firft  part  of  the 
table,  that  100  parts  of  acid,  of  the  fpecific  gravity 
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1,8472,  contained  88,5  parts  ftandard,  confequently  Sulphuric 
400  grains  of  this  acid  contain  354  grains  ftandard.  Acid. 
He  took  fix  portions  of  this  acid,  each  containing  400 
grains,  and  added  to  them  as  much  water  as  made  them 
contain  refpedtively  48,  46,  44,  42,  40,  38  grains  ftan- 
dard. The  quantity  of  water  to  be  added  in  order  to 
produce  this  effeft,  he  found  by  the  following  method. 

Suppofe  X — the  quantity  of  water  to  be  added  to  400 
parts  of  acid,  that  the  mixture  may  contain  48  per  cent^ 
of  ftandard  acid.  Then  400  x : 354  : : 100  : 48, 
and  confequently  x =z  337,5.  After  finding  the  fpecific 
gravity  of  thefe,  the  half  of  each  was  taken  out,  and  as 
much  water  added  ; and  thus  the  fpecific  gravities,  cor-. 
refponding  to  24,  23,  22,  2i,  20,  19,  were  found. 

Then  fix  more  portions,  of  400  grains  each,  were  ta^ 
ken,  of  the  fpecific  gravity  1,8393,  and  the  proper 
quantity  of  water  added  to  make  them  contain  36,  34, 

32,  30,  28,  26  per  cent,  of  ftandard.  Their  fpecific 
gravities  were  found,  the  half  of  them  taken  out,  and 
as  much  water  added  ; and  thus  the  fpecific  gravity  of 
18,  17,  16,  15,  14,  and  13  found.  Care  was  taken, 
after  every  addition  of  water,  to  allow  the  ingredient 
fufficient  time  to  unite. 

The  laft  1 1 numbers  were  only  found  by  analogy  j 
obferving  the  feries  of  decrement  of  the  four  laft  num-' 
bers  before  them. 

Table 


The  following  table  contains  the  refult  of  Mr  Poujet’s  experiments,  calculated  according  to  that  formula  ; the 
whole  volume  or  n being  = i.  


Meafu 

Water. 

ires  of 
Alcohol. 

Diminution  of 
the  whole  vo- 
lume n:  I by 
experiment. 

By  calculation. 

I 

9 

0,0109 

0,0103 

2 

8 

0,0187 

0,0184 

3 

7 

0,0242 

0,0242 

4 

6 

0,0268 

0,0276 

5 

5 

0,0288 

6 

4 

0,0266 

0,0276 

7 

3 

0,0207 

0,0242 

8 

2 

0,0123 

0,0184 

9 

I 

0,0044 

0,0103 

It  is  evident,  from  this  table,  that  the  diminution  of  the  bulk  of  the  mixture  follows  a regular  progrefllon. 
It  is  greateft  when  the  meafures  of  water  and  alcohol  are  equal,  and  diminilhes  as  it  approaches  both  ends  of  the 
feries.  Mr  Poujet  accounts  for  this  by  conceiving  the  alcohol  to  be  diflblved  in  the  water,  which  retains  a part 
of  it  in  its  pores,  or  abforbs  it.  The  quantity  abforbed  ought  to  be  in  the  ratio  of  that  of  the  folvent  and  of  the 
body  difiblved,  and  each  meafure  of  water  will  retain  a quantity  of  alcohol  proportional  to  the  number  of  mea- 
fures of  alcohol  in  rhe  mixture.  Thus  in  a mixture  formed  of  nine  meafures  of  alcohol  id  one  of  water,  the 
water  will  contain  a quantity  of  alcohol  = 9 ; in  one  of  eight  meafures  of  alcohol  and  two  of  water,  the 
water  will  contain  a quantity  of  alcohol  =:  8.  Therefore  the  diminution  of  bulk  in  each  mixture  is  in  a ratio 
compounded  of  the  meafures  of  alcohol  and  water  which  form  it ; in  the  above  table,  as  1X9,  2X8,  3 X 7»  4X6, 
5cc.  And  in  general,  taking  the  diminution  of  bulk  when  the  meafures  of  both  liquids  are  equal  for  a conftant 
quantity,  and  calling  it,  r,  calling  the  number  of  meafures  «,'the  number  of  meafures  of  alcohol  x^  the  increafe  of 

denfity 
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grains  of  pure  carbonat  of  potafs,  dried  in  a red  heat,  in 
diftilled  water.  The  whole  weighed  4570  grains.  He 
took  360  grains  of  this  mixture,  which  contained  120 
grains  of  carbonat  of  potafs,  and  faturated  it  with  pure 
fulphuric  acid  of  the  fpecific  gravity  1,565,  which,  ac- 
cording to  the  above  table,  contained  61  per  cent,  of 
ftandard  acid.  The  acid  required  for  faturating  the  fo- 
lution  of  potafs  amounted  to  130  grains,  and  contained 
therefore  79  of  ftandard.  The  carbonic  acid  difenga- 
ged  was  34  grains,  and  confequently  the  quantity  of  al- 
kali was  120  — 34  = 86  grains.  The  folution  being 
turbid,  was  diluted  with  3238  grains  of  water.  Its 
fpecific  gravity  was  then  1,013  temperature  of 

60®.  The  weight  of  the  whole  was  3694  grains.  Forty, 
five  grains  of  fulphat  of  potafs  (potafs  combined  with 
fulphuric  acid)  diflblved  in  1017  grains  of  diftilled  wa- 
ter, have  the  fame  fpecific  gravity  at  the  fame  tempera- 
ture ; from  whence  it  follows,  that  the  proportion  of 
fait  in  each  was  equal.  But  in  the  laft  folution  the  quan- 
tity of  fait  was — L_  of  the  whole  ; therefore  the  quan- 
23,6  ^6 

tity  of  fait  in  the  firft  was -r—  159,52  grs.  Now 

of  this  weight  86  grains  were  alkali ; the  remainder, 
therefore,  which  amounts  to  70,52  grains,  muft  be 
acid.  But  the  quantity  of  ftandard  acid  employed  was 
79  grains  ; of  this  there  w'ere  84  grains,  which  did  not 
enter  into  the  combination,  and  w'hich  muft  have  been 
pure  water  : 79  parts  of  ftandard  acid,  therefore,  con- 
tain at  leaft  8,5  parts  of  water,  and  confequently  100 
parts  of  ftandard  acid  contain  10,75  parts  of  water.  It 
only  remains  now  to  confider  how  much  water  fulphat 
of  potafs  contains.  Mr  Kirwan  thinks  it  contains  none, 
becaufe  it  lofes  no  weight  in  any  degree  of  heat  below 
ignition,  and  even  when  expofed  to  a red  heat  for  half 
an  hour  it  hardly  lofes  a grain.  This  is  certainly  fuf- 
ficient  to  prove,  at  leaft,  that  it  contains  very  little  wa- 
ter ; and  confequently  we  may  conclude,  with  Mr  Kir- 
wan, that  100  parts  of  fulphuric  acid,  of  the  fpecific 
gravity  2,000,  are  compofed  pretty  nearly  of  89,25  of 
pure  acid  and  10,75  water.  I his  method  ufed  by 
Mr  Kirwan  is  nearly  the  fame  with  that  propofed  by 
Mr  Keir*. 

It  feems  even  poflible  to  obtain  fulphuric  acid  free 
from  all  the  water  that  may  not  be  neceflary  to  its  acid 
ftate.  When  it  is  procured  by  diftillation  from  green 
vitriol,  if  the  receiver  be  changed  after  the  procefs  has 
gone  on  for  fome  time,  a quantity  of  acid  is  obtained  in  a 

SuPPL.  VoL.  I. 


folid  form,  or  cryftalllzed.  This,  as  Morveau  has  fliewn, 
is  fulphuric  acid  deprived  of  the  water  with  which  it  is 
ufually  combined.  When  this  glacial  acid,  as  it  has 
been  called,  is  expofed  to  the  air,  it  rifes  in  white 
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fumes,  and  is  foon  diffipated.  This  fingular  efifedl  is 
produced  by  its  violent  attra£Hon  for  the  water  which 
exifts  in  atmofpheric  air.  When  thrown  into  water,  it 
feizes  it  with  violence  ; a great  deal  of  caloric  is  evolved, 
fufficient,  if  the  quantity  of  water  be  not  too  great,  to 
elevate  the  w'hole  in  vapoursf . 

Sulphuric  acid  is  capable  of  decompofing  alcohol  and 
oils  ; and  when  aflifted  by  heat,  it  decompofes  alfo  fome 
of  the  metallic  oxyds  which  contain  the  greateft  quan- 
tity of  oxygen  ; as  red  oxyd  of  lead,  black  oxyd  of  man- 
ganefe.  It  decompofes  likewife  all  the  fulphurets  and 
phofphurets  which  have  an  alkaline  or  earthy  bafis. 

It  oxydates  iron,  zinc,  and  manganefe,  in  the  cold. 
By  the  affiftance  of  heat  it  oxydates  filver,  mercury, 
copper,  antimony,  bifmuth,  arfenic,  tin,  and  tellurium. 
At  a boiling  heat  it  oxydates  lead,  cobalt,  nickel,  mo- 
lybdenum. It  does  not  adl  upon  gold,  platinum,  tung- 
ften,  nor  titanium. 

It  unites  readily  with  all  the  alkalies,  the  alkaline 
earths,  alumina,  and  jargonia,  and  with  moft  of  the  me- 
tallic oxyds,  and  forms  falts  denominated  fulphats.  Thus 
the  combination  of  fulphuric  acid  and  foda  is  called  ful- 
phat of  foda  ; the  compound  of  fulphuric  acid  and  lime, 
fulphat  of  limct  and  fo  on.  It  does  not  ad  upon  filica 
nor  adamanta; 

The  aflanities  of  fulphuric  acid  are  as  follows  ; 
Barytes, 

Strontites*, 

Potafs, 

Soda, 

Lime, 

Magnefia, 

' Ammonia, 

Alumina, 

Jargonia  f ? 

Oxyd  of  zinc, 

— ■ iron, 

■ manganefe, 

cobalt, 

- ■ ■ nickel, 

lead, 

■ ■ tin. 
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— copper, 

— bifmuth, 

3 A. 


Oxyd 


Then  fince  the  increafe  of  denfity  does  not  change  the  weight  of  the  whole,  1 — x X « + ^ — 

I— 4^*  + 


Hence 


.=  o,s~^+  ) 

8t  r V 4 \ 8 cjr  ) 


2,c  y 

a — a X ^ b X 
^ 1 — t\.cx  4 r X 

And  making  a =:  i,  b 0,8199,  c = 0,0288 


x = 0 5—  -4.  0,5) 

0,3304^  0,1152;-^  Vo, 2304 .y  / 

1 — 0,1801  X 


y = 


I OjIIJZX  -f  0,1152;?'. 
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Sect.  III.  Of  Nitric  Acid. 

There  are  three  different  fubftances  compofed  of 
azot  and  oxygen,  nitric  acid,  nitrous  acid,  and  nitrous  gas. 
The  firft  contains  moft  oxygen,  the  laft  contains  lealt. 

Nitric  acid  feems  to  have  been  firft  obtained  in  a fe- 
parate  ftate  by  Raymond  Lully,  who  was  born  at  Ma- 
jorca in  1235.  He  procured  it  by  diftilling  a mixture 
of  nitre  and  clay.  Bafil  Valentine,  who  lived  in  the 
15th  century,  defcribes  the  procefs  minutely,  and  calls 
the  acid  water  of  nitre.  It  was  afterwards  denomina- 
ted aqua  forth,  and  fpirit  of  nitre.  The  name  nitric  acid 
was  firft  given  it  in  1787  by  the  French  chemifts. 

Nitric  acid  is  generally  obtained  in  large  manufacto- 
ries by  diftilling  a mixture  of  nitre  (t)  and  clay  ; but 
the  acid  procured  by  this  procofs  is  weak  and  impure. 
Chemifts  generally  prepare  it  by  diftilling  three  parts 
of  nitre  and  one  of  fulphuric  acid  in  a glafs  retort.  This 
method  was  firft  ufed  by  Glauber.  When  obtained  in 
this  manner  it  contains  fome  nitrous  acid  which  may 
be  expelled  by  the  application  of  a very  gentle  heat^. 

Nitric  acid  is  one  of  the  moft  important  inftruments 
of  analyfis  which  the  chemift  poffeffes  ; nor  is  it  of  in- 
ferior confequence  when  confidered  in  a political  or 
commercial  view,  as  it  forms  one  of  the  moft  effential 
ingredients  of  gunpowder.  Its  nature  and  compofi- 
tion  accordingly  have  long  occupied  the  attention  of 
philofophers.  We  fliall  endeavour  to  trace  the  various 
fteps  by  which  its  component  parts  were  difcovered. 

As  nitre  is  often  produced  upon  the  furface  of  the 
earth,  and  never  except  in  places  which  have  a commu- 
nication with  atmofpheric  air,  it  was  natural  to  fuppofe 
that  air,  or  fome  part  of  the  air,  entered  into  the  com- 
pofition  of  nitric  acid.  Mayow  having  obferved,  that 
nitre  and  atmofpherical  air  were  both  poffeffed  of  the 
property  of  giving  a red  colour  to  the  blood,  and  that 
air  was  deprived  of  this  property  by  combuftion,  and 
refpiralion — concluded  that  nitre  contained  that  part  of 
the  air  which  fupported  comluflion,  and  was  necejfary  for 
refpiration. 

Dr  Hales,  by  applying  heat  to  nitric  acid,  and  what 
he  called  Walton  obtained  a quantity  of  air  pof- 

feffed of  fingular  properties.  When  atmofpherical  air 
was  let  into  the  jar  which  contained  it,  a reddifti  turbid 
fume  appeared,  a quantity  of  air  was  abforbed,  and  the 
remainder  became  tranfparent  again*.  Dr  Prieftley 
difcovered  that  this  air  could  only  be  obtained  from 
nitric  ( u ) acid  ; and  therefore  called  it  nitrous  air.  He 
found,  that  when  this  gas  was  mixed  with  oxygen  gas, 
nitrous  acid  was  reproduced.  Here,  then,  we  find, 
that  oxygen  is  a part  of  the  nitric  acid,  and  confe- 
quently  that  Mayow’s  affirmation  is  verified. 

Dr  Prieftley,  however,  explained  this  fad  in  a diffe- 
rent manner.  According  to  him,  nitrous  gas  is  com- 
pofed of  nitrous  acid  and  phlogifton.  When  oxygen 
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is  added,  it  feparates  this  phlogifton,  and  the  acid  of 
courfe  is  precipitated.  This  hypothefis  was  adopted 
by  Macquer  and  Fontana  ; and  tbefe  three  philofophers 
endeavoured  to  fupport  it  with  their  ufual  ingenuity. 
But  there  was  one  difficulty  which  they  were  unable 
to  furmount.  When  the  two  gafes  are  mixed  in  proper 
proportions,  almoft  the  whole  affumes  the  form  of  ni- 
tric acid;  and  the  fmall  refiduum  (-y^rth  part),  in  all 
probability,  or  rather  certainly,  depends  on  fome  acci- 
dental impurity  in  the  oxygen  gas.  What  then  be- 
comes of  the  oxygen  and  phlogifton?  Dr  Prieftley 
fuppofed  that  they  formed  carbonic  acid  gas  : but  Mr 
Cavendilh  proved,  that  when  proper  precautions  are 
taken,  no  fuch  acid  appearsf. 

Dr  Prieftley  had  procured  his  nitrous  gas  by  diffolving 
metals  in  nitric  acid  ; during  the  folution  of  which  a 
great  deal  of  nitrous  gas  efcapes.  He  fuppofed  that 
nitrous  gas  contained  phlogifton,  becaufe  the  metal  was 
oxydated  (and  confequently,  according  to  the  then  re- 
ceived theory,  muft  have  loft  phlogifton)  during  its  for- 
mation. Mr  Lavoifier  proved,  that  this  fuppofition  was 
ill-founded,  by  the  following  celebrated  experiment J. 
To  945  grains  of  nitric  acid  (fpecific  gr.  1,316)  he 
added  1104  grains  of  mercury.  During  the  folution 
273,234  cubic  inches  of  nitrous  gas  were  produced. 
He  then  diftilled  the  fait,  (oxyd  of  mercury),  which 
had  been  formed  to  drynefs.  As  foon  as  it  became  red 
hot  it  emitted  oxygen  gas,  and  continued  to  do  fo  till 
almoft  the  whole  of  the  mercury  was  revived  : The 
quantity  of  oxygen  emitted  was  287,742  cubic  inches. 
All  that  had  happened,  therefore,  during  the  folution 
of  the  mercury,  was  the  feparation  of  the  acid  into  two 
parts ; nitrous  gas  which  flew  off,  and  oxygen,  which 
united  with  the  metal  (i). 

Mr  Lavoifier  concluded,  therefore,  that  the  whole  of 
the  nitrous  gas  was  derived  from  the  nitric  acid  : that 
nitric  acid  is  compofed  of  oxygen  and  nitrous  gas ; and 
that  the  proportions  are  nearly  64  parts  by  weight  of 
nitrous  gas,  and  36  of  oxygen  gas. 

But  there  was  one  difficulty  which  Mr  Lavoifier  ac- 
knowledged he  could  not  remove.  The  quantity  of 
oxygen  obtained  by  deeompofing  nitric  acid  was  often 
much  greater  than  what  was  neceffary  to  faturate  the 
nitrous  gas.  Mr  de  Morveati  attempted  to  account 
for  this,  but  without  fuccefs^.  Nitrous  gas  itfelf  was 
evidently  a compound  : but  the  difficulty  was  to  difco- 
ver  the  ingredients.  Mr  Lavoifier  concluded  from  an 
experiment  made  by  decompofing  nitre  by  means  of 
charcoal,  that  it  contained  azot:  and  feveral  of  Dr 
Prieftley’s  experiments  led  to  the  fame  refult.  But 
what  was  the  other  ingredient  ? 

Mr  Cavendifh  had  obferved,  while  he  was  making 
experiments  on  the  compofition  of  water,  that  fome 
nitric  acid  was  formed  during  the  combuftion  of  oxy- 
gen and  hydrogen  gas,  and  that  its  quantity  was  in- 
creafed  by  adding  a little  azot  to  the  two  gafes  before 
the  explofion.  Hence  he  concluded,  that  the  forma- 
tion of  the  acid  was  owing  to  the  accidental  prefence 
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(t)  Nitre  is  compofed  of  nitric  acid  and  potafs. 

(u)  Or  nitrous  acid;  for  at  the  period  of  Dr  Prieftley’s  difeovery  (1772)  they  were  not  accurately  diftin- 
guifhed. 

(x)  We  have  already  mentioned,  in  a preceding  note,  that  this  experiment  was  firft  made  by  Mr  Baycn.  See 
Part  1.  chap.  iii.  of  this  Article. 
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of  ftandard  acid  employed  was  66,7.  The  whole  of 
which  amounted  to  102,75  grains  ; but  as  only  85,142 
grains  entered  into  the  compofition  of  the  fait,  the  re- 
maining 17,608  muft  have  been  pure  water  mixed  with 
the  nitric  acid.  But  if  66,7  of  ftandard  acid  contain 
17,608  of  water,  100  parts  of  the  fame  acid  muft  contain 
26,38*. 

Onehundred  parts  of  ftandard  nitric  acid,  therefore,  is 
compofed  of  73,62  parts  of  pure  nitric  acid  and  26,38 
of  water.  But  as  Mr  Kirwan  has  not  proved  that  ni- 
trat  of  foda  contains  no  water,  perhaps  the  proportion 
of  water  may  be  greater.  He  has  rendered  it  probable, 
however,  that  nitrat  of  foda  contains  very  little  water. 

Nitric  acid  is  decompofed  by  a great  variety  of  fub- 
ftances.  When  poured  upon  oils,  it  fets  them  on  fire. 
This  is  occafioned  by  a decompofition  both  of  the  acid 
and  oil.  The  oxygen  of  the  acid  combines  with  the 
carbon,  and  with  the  hydrogen  of  the  oils,  and  at  the 
fame  time  lets  go  a quantity  of  caloric.  Hence  we  fee 
that  the  oxygen  which  enters  into  the  compofition  of 
the  nitric  acid  ftill  contains  a great  deal  of  caloric  ; a 
fa6t  which  is  confirmed  by  a great  number  of  other 
phenomena-  The  combuftion  of  oils  by  this  acid  was 
firft  taken  notice  of  by  Borrichius  and  Slare;  but  it  is 
probable  that  Homberg  communicated  it  to  Slare.  In 
order  to  fet  fire  to  the  fixed  oils,  it  muft  be  mixed  with 
fome  fulphuric  acid  ; the  reafon  of  which  feems  to  1^, 
that  thefe  oils  contain  <water,  which  muft  be  previoufly 
removed.  The  fulphuric  acid  combines  with  this  wa- 
ter, and  allows  the  nitric  acid,  or  rather  the  oil  and  ni- 
tric acid  together,  to  adt.  The  drying  oils  do  not  re- 
quire any  fulphuric  acid  : they  have  been  boiled,  and 
confequently  deprived  of  all  moifture.  It  fets  fire  alfo 
to  charcoal,  provided  it  be  perfedly  dry.  This  fadl 
was  firft  obferved  by  Prouft,  and  afterwards  confirmed 
by  the  Dijon  academicians.  It  fets  fire  alfo  to  zinc, 
bifmuth  and  tin,  if  it  be  poured  on  them  in  fufion, 
and  to  filings  of  iron,  if  they  be  perfedlly  dry:};.  In 
all  thefe  cafes,  the  acid  is  decompofed.  Sulphurated 
hydrogen  gas  alfo  takes  fire,  and  burns  with  a ftrong 
flame  by  means  of  this  acidf . 

It  is  capable  of  oxydating  all  the  metals  except  gold, 
platinum  (x),  and  titanium.  It  appears,  from  the  ex- 
periments of  Scheffer,  Bergman,  Sage,  and  Tillet,  that 
nitric  acid  is  capable  of  dilfolving  (and  confequently  of 
oxydating)  a very  minute  quantity,  even  of  gold. 

Nitric  acid  combines  with  alkalies,  alkaline  earths, 
alumina  and  jargonia,  and  with  the  oxyds  of  metals, 
and  forms  compounds  which  are  called  nitrats.  It  does 
not  a6l  upon  filica  nor  adamanta. 

The  order  of  its  affinities  is  as  follows  : 

Barytes, 

Potafs, 

Soda, 


Strontites*, 

Nitrous 

Lime, 

Acid. 

Magnefia, 

Ammonia, 

Alumina, 
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f Vauquelin^ 

Metallic  oxyds,  in  the  fame 

order  * 

as  for  fulphuric  acid. 
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Water. 

Sect.  IV.  Of  Nitrous  Acid, 

If  oxygen  gas  be  mixed  with  nitrous  gas,  a quanti- 
ty of  red  fumes  appear,  which  are  readily  abfoibed  by 
water.  Thefe  red  fumes  are  nitrous  acid. 

If  a glafs  veffel  containing  nitric  acid  be  inverted  in- 
to another  veffel  containing  the  fame  acid,  and  expofed 
to  the  light,  the  inverted  glafs  will  become  partly  full 
of  oxygen  gas,  and  at  the  fame  time  part  of  the  nitric 
acid  is  converted  into  nitrous  acid*.  It  follows,  from 
this  experiment,  that  nitrous  acid  contains  lefs  oxygen 
than  nitric  acid,  Lavoifier  has  calculated  that  it  con- 
tains fomewfiat  lefs  than  three  parts  of  oxygen  to  one 
of  azot. 

Nitrous  acid  Is  of  a brown  or  red  colour,  exceeding- 
ly volatile,  and  emitting  a very  fuffocating,  and  fcarcely 
tolerable  odour.  When  to  this  acid  concentrated,  a 
fourth  part  by  weight  of  water  is  added,  the  colour  Is 
changed  from  red  to  a fine  green  ; and  when  equal 
parts  of  water  are  added,  it  becomes  bluef . Dr  Prieft- 
ley  obferved,  that  water  impregnated  with  this  acid  in 
the  ftate  of  vapour,  became  firft  blue,  then  green,  and 
laftly  yellow.  A green  nitrous  acid  became  orange- 
coloured  w'hile  hot,  and  retained  a yellow  tinge  when 
cold.  A blue  acid  became  yellow  on  being  heated  in 
a tube  hermetically  fealed.  An  orange-coloured  acid, 
by  long  keeping  became  green,  and  afterwards  of  a 
deep  blue  ; and  when  expofed  to  air  refumed  its  ori- 
ginal colour.  Thefe  colours  feem  to  depend  upon  the 
concentration  of  the  acid. 

Dr  Prieftley  found  that  water  abforbed  great  quan- 
tities of  this  acid  in  the  ftate  of  vapour,  and  that  wheu 
faturated,  its  bulk  was  increafed  one-third. 

In  the  ftate  of  vapour,  it  is  abforbed  rapidly  by  oils^ 
Whale  oil,  by  abforbing  it,  became  green,  thick  and 
heavier.  It  gradually  decompofed  the  acid,  retained 
the  oxygen,  and  emitted  the  azot  in  the  ftate  of  gasj. 

It  is  abforbed  by  fulphuric  acid,  but  feemingly  with- 
out producing  any  change  ; for  when  water  is  poured 
into  the  mixture,  the  heat  produced  expels  it  in  the 
ulual  form  of  red  fumes^.  The  only  Angular  circum- 
ftance  attending  this  impregnation  is,  that  it  difpofes 
the  fulphuric  acid  to  cryftallize*.  This  fadl,  firft  ob- 
ferved by  Dr  Prieftley  in  1777  (y),  was  afterwards 
confirmed  by  Mr  Cornette,  Nitrous 
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(x)  Nitre  however  adls  upon  platinum,  as  Mr  Tennant  has  proved.  Phil.  Tranf,  1797,  Morveau  had 
made  the  fame  obfervation  in  the  Elemens  de  Chimie  de  I’ Academic  de  Dijon. 

(y)  Bernhardt,  however,  relates,  in  1765,  that  once,  when  he  was  diftilling  a mixture  often  pounds  of  nitre 
with  an  equal  quantity  of  calcined  vitriol,  which  he  had  put  into  a retort,  to  which  was  fitted  an  adapter  be- 
tween the  retort  and  the  receiver,  which  contained  a quantity  of  water — he  obferved  a confiderable  quantity  of 
a white  cryftalline  fait  formed  In  the  adapter,  while  the  liquid  acid  paffed  as  ufual  into  the  receiver.  This  fait 
wns  very  volatile,  fmoked  ftrongly  when  it  was  expofed  to  the  air,  and  exhaled  a red  vapour  ; it  burnt,  to  a black 
coal,  wood,  feathers  or  linen,  as  fulphuric  acid  does;  and  where  a piece  of  it  fell,  it  evaporated  in  form  of  a 
^»lood-red  vapour  till  the  whole  of  it  difappearcd.  Half  an  ounce  of  thefe  cryftals  diflblved  in  water  with  fpurt- 
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Part  Ii  -ii 


Nitrous  acid  appears  capable  of  combining  with  mofl: 
of  the  bodies  with  which  nitric  acid  unites.  The  falts 
which  it  forms  are  called  nitrites. 

Its  affinities  have  never  been  accurately  examined. 
Bergman  fuppofes  them  the  fame  with  thofe  of  nitric 
acid. 


Muriat;  j 
Acid.  I 


Of  Nitrous  Gas. 


Nitrous  gas  was  fir  ft  obtained  by  Dr  Hales,  but 
its  properties  were  difeovered  by  Dr  Prieftley.  It  may 
be  procured  by  diflolving  metals  in  nitric  or  nitrous 
acid,  and  catching  the  product  by  means  of  a pneuma- 
tic apparatus. 

As  nitrous  acid  is  formed  by  combining  nitrous  gas 
and  oxygen,  it  is  evident  that  nitrous  gas  contains  lefs 
oxygen  than  nitrous  acid.  According  to  Lavoifier,  it 
is  compofed  of  two  parts  of  oxygen  and  one  of  azot. 

Nitrous  gas  is  elaftic,  and  invifible  like  common  air. 
It  extinguifhes  light,  and  inftantly  kills  all  thofe  animals 
that  are  obliged  to  breathe  it.  Its  fpecific  gravity,  ac- 
cording to  Mr  Kirwan,  is  0,001458 

Dr  Prieftley  found  that  water  was  capable  of  abforb- 
ing  about  one-tenth  of  nitrous  gas,  and  that  by  the  ab- 
forption  it  acquired  an  aflringent  tafte  §.  Water  parts 
with  all  the  nitrous  gas  it  has  imbibed  on  being  frozen  f . 

Neither  phofphorus  nor  fiilphur  feem  capable  of  de- 
compofing  nitrous  gas. 

Mr  Linck,  profeflbr  at  Roftoc,  found,  that  three 
parts  of  nitrous  gas  and  two  of  hydrogen  gas,  obtained 
by  fulphuric  acid  and  iron,  are  fcarcely,  or  not  at  all, 
dimlniftied  when  expofed  to  day-light  over  water.  Com- 
mon air  is  not  more  diminifhed  by  this  admixture  kept 
a long  time ; but  the  mixture  itfelf  of  thefe  two  gafes 
is  diminifhed  by  the  addition  of  new  portions  of  nitrous 
gas.  Mr  Linck  concludes,  from  this  obfervation,  that 
part  of  the  oxygen  of  the  nitrous  gas  combined  with 
the  hydrogen  and  formed  water,  and  that  the  remaining 
oxygen  and  azot  formed  a mixture  fimilar  to  the  air  of 
the  atmofphere.  Mr  Vauquelin  had  prtvioufly  made 
the  fame  obfervation.  The  affinity  of  hydrogen,  there- 
fore, for  oxygen  is  greater  than  that  of  azot.* 

Oils  imbibe  nitrous  gas  with  avidity,  and  decom- 
pofe  it. 

Nitric  acid  abforbs  a vaft  quantity  of  it,  and  is  by 
that  means  converted  into  nitrous  acid. — Sulphuric  acid 
alfo  abforbs  it. 

The  moft  important  property  of  nitrous  gas  is  that 
of  combining  inftantly  with  oxygen  gas,  and  forming 
nitrous  acid,  which  is  inftantly  abforbed  by  water. 
This  property  induced  Dr  Prieftley  to  ufe  nitrous  gas  as 
a teft  of  the  purity  of  common  air.  He  mixed  together 
equal  bulks  of  thefe  fubftances,  and  judged  of  the  pu- 
rity of  the  air  by  the  diminution  of  bulk.  The  appa- 
ratus ufed  for  this  purpofe,  which  confifts  of  a gradua- 
ted tube,  has  been  called  a eudiometer.  This  eudiome- 
ter has  been  greatly  improved  by  Fontana,  but  it  is  ftill 
liable  to  uncertainty  in  its  application.  Perhaps  the 
beft  eudiometer  is  fulphuret  of  potafs,  which,  as  Mor- 


veau  has  difeovered,  abforbs,  on  the  application  of  heat, 
the  whole  oxygen  in  a given  bulk  of  air  almoft  inftan- 
taneoufly.  ^ 

Dr  Prieftley  found,  that  nitrous  gas  was  decompofed 
by  paffing  electric  explofions  through  it. 

Let  us  now  confider  in  what  manner  oxygen  and 
azot  are  combined  in  the  three  fubftances  which  have 
been  juft  deferi bed. 

It  can  hardly  be  conceived  that  azot  is  capable  of  Manner 
combining  with  three  different  proportions  of  oxygen,  which  as 
and  of  being  faturated  with  each  : it  is  furely  much 
more  probable,  that  in  nitrous  gas  the  oxygen  and  azot 
faturate  each  other  direflly  and  completely ; that  ni- 
trous acid  is  compofed  of  nitrous  gas  and  oxygen,  and 
nitric  acid  of  nitrous  acid  and  oxygen.  And  this  fup- 
pofition  is  confirmed  by  confidering  that  the  ftrength 
of  affinity  by  which  the  oxygen  is  retained  in  each  of 
thefe  fubftances  is  very  different.  Some  fubftances,  as 
light,  are  capable  of  decompofing  nitric  acid,  by  feizing 
fome  of  its  oxygen,  and  of  converting  it  into  nitrous 
acid ; but  they  have  no  effe<5t  whatever  upon  nitrous 
acid  or  nitrous  gas.  Others,  asbifmuth,  copper,  phof- 
phorus, and  fulphur,  are  capable  of  decompofing  both 
nitric  and  nitrous  acids,  but  are  incapable  of  altering 
nitrous  gas : And  others,  again,  as  carbon,  zinc,  and 
iron,  are  capable  of  decompofing  all  the  three.  Every 
body  wffiich  is  capable  of  decompofing  nitrous  acid  is 
capable  alfo  of  decompofing  nitric  acid  ; and  every  bo- 
dy that  decompofes  nitrous  gas  is  capable  alfo  of  decom- 
pofing the  other  two.  But  the  reverfe  of  this  is  not 
true.  The  affinity  of  oxygen,  then,  for  azot,  nitrous 
gas,  and  nitrous  acid,  is  different ; oxygen  has  a ftron- 
ger  affinity  for  azot  than  it  has  for  nitrous  gas,  and  a 
ftronger  affinity  for  nitrous  gas  than  for  niti'ous  acid. 

But  if  all  thefe  bodies  were  direfl:  combinations  of  azot 
and  oxygen,  how  could  this  difference  of  affinity  take 
place  ? Is  it  reafonable  to  fuppofe,  that  a fubftance  has 
a ffronger  affinity  for  one  proportion  of  any  other  body 
than  for  another  proportion  ? or  that,  if  fuch  a difference 
exifted,  the  ftrongeft  affinity  ftiould  not  always  prevail  ? 

Mix  together  nitric  acid  and  nitrous  gas  in  proper  pro- 
portions, and  the  whole  mixture  is  converted  into  ni- 
trous acid : but  mix  nitrous  and  nitric  acids  together, 
and  no  change  whatever  is  produced.  In  the  firft  cafe, 
is  it  not  evident  that  the  affinity  of  nitrous  gas  for  oxy- 
gen is  greater  than  that  of  nitrous  acid ; that  therefore 
it  decompofes  the  nitric  acid,  deprives  it  of  oxygen, 
and  leaves  it  in  the  ftate  of  nitrous  acid  ? But,  in  the 
fecond  cafe,  no  change  can  take  place,  becaufe  nitric 
acid  is  compofed  of  nitrous  acid  and  oxygen  ; and  it 
would  be  abfiird  to  fuppofe,  that  nitrous  acid  has  a 
ftronger  affinity  for  oxygen  than  nitrous  acid  has.  But 
were  azot  and  oxygen  capable  of  uniting  in  various 
proportions,  why  fhould  not  a mixture  of  nitric  and  ni- 
trous acids,  or  of  nitrous  gas  and  nitrous  acid,  form 
new  fubftances  ? And  why  are  the  only  fubftances 
which  appear  in  decompofitions  nitrous  scid  and  nitrous 


r 


gas  ? Surely  thefe  reafons  are  fufficient  to  ftieW  us,  that 


thefe  bodies  are  combined  in  the  following  manner  : 

Azot 


ing  and  hiffing,  like  that  of  a red  hot  iron  dipped  in  water,  and  formed  a green  nitrous  acid.  Some  of  tin's  fait 
being  put  into  a bottle  which  was  not  well  flopped,  entirely  vanifhed.  Thefe  cryftals  were  evidently  the  fam®' 
with  Dr  Prieftley ’s.  See  Keir’s  Diiiionary. 
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Azot  and 
Oxygen 
Nitrous  gas 
and  oxygen 
Nitrous  acid 
and  oxygen 
Perhaps  there  may 
than  we  are  aware  of. 


form  nitrous  gas ; 

^ form  nitrous  acid  ; 

form  nitric  acid.  (22) 

be  even  more  links  in  the  chain 
The  dephlogifticated  nitrous  air 
of  Dr  Prieftley,  which  Dieman  and  Van  Trooftwyck 
have  lately  proved  to  be  compofed  of  37  parts  of  oxy- 
gen and  63  of  azot,  and  of  which  little  more  is  known 
than  that  it  fupports  flame,  is  noxious  to  animals,  ab- 
forbed  by  water,  and  only  obtained  by  means  of  fub- 
ftances  capable  of  decompofing  nitrous  gas — perhaps 
this  air  is  compofed  diredtly  of  oxygen  and  azot,  ni- 
trous gas  of  this  air  and  oxygen,  and  fo  on.  There 
may  be  even  links  ftill  farther  back  than  that. 

Sect.  V.  Of  Muriatic  Acid. 

4U 

ifcovery  MuRiATic  acid  appears  to  have  been  known  to  Bazil 
muriatic  Valentine  ; but  Glauber  was  the  firft  who  extracted  it 
from  common  fait  by  means  of  fulphuric  acid.  Com- 
mon fait  is  compofed  of  muriatic  acid  and  foda,  for 
■which  laft  fubftance  fulphuric  acid  has  a ftronger  affini- 
ty. This  acid  was  firft  called  fpirit  of  fait,  afterwards 
Prom  mu~  marine  acid,  and  now,  pretty  generally,  muriatic  acid  if. 
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id. 


It  is  fometimes  prepared  by  mixing  one  part  of  com- 
mon fait  withfeven  or  eight  parts  of  clay,  and  diftilling 
the  mixture.  The  clay,  in  this  inftance,  is  fuppofed  to 
adt  chiefly  by  means  of  the  fulphuric  acid  which  it  al- 
ways contains  (z)  : But  this  fubjedl  ftill  requires  far- 
ther elucidation.  By  thefe  proceffes,  muriatic  acid  is 
obtained  diflblved  in  water.  Dr  Prieftley  difcovered, 
that  by  applying  heat  to  this  folution,  and  receiving  the 
product  in  vefTels  filled  with  mercury,  a gas  was  procu- 
red ; which  gas  is  muriatic  acid  in  a ftate  of  purity. 

Muriatic  acid  gas  is  invifible  and  elaftic,  like  com- 
mon air.  It  deftroys  life  and  extinguifhes  flame.  A 
candle,  juft  before  it  goes  out  in  it,  burns  with  a beau- 
tiful green,  or  rather  light  blue  flame  ; and  the  fame 
flame  appears  when  it  is  firft  lighted  again.* 

The  fpecific  gravity  of  muriatic  acid  in  the  ftate  of 
gas  is,  according  to  Mr  Kirwanf,  0,002315,  which  is 
nearly  double  that  of  common  air. 

Water  abforbs  this  gas  with  avidity.  Ten  grains  of 
water  are  capable  of  abforbing  ten  grains  of  the  gas. 
The  folution  thus  obtained  occupies  the  fpace  of  13,3 
grains  of  water  nearly.  Hence  its  fpecific  gravity  is 
1,500,  and  the  denfity  of  the  pure  muriatic  acid  in  it 
is  3,03*  (a). 

As  muriatic  acid  can  only  be  ufed  conveniently  when 
diflblved  in  water,  it  is  of  much  confequence  to  know 
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(22)  To  account  for  thefe  phenomena,  we  would  again  appeal  to  the  principle  of  the  affinity  of  two  fubftan- 
ces  leflening  in  proportion  to  their  mutual  faturation.  As  the  nitric  acid  is  nitrogen  faturated  with  oxygen, 
nitrous  acid  nitrogen  combined  with  a lefs  portion  of  oxygen,  and  nitrous  air  nitrogen  combined  with  a ftill  lefs 
portion  of  oxygen,  it  would  be  eafy  on  this  principle  to  account  for  a body  which  partially  decompofed  nitric 
acid  not  effefting  the  other  two  combinations,  and  it  would  follow  from  the  fame  principles  that  any  fubftance 
which  would  decompofe  nitrous  air  would  decompofe  both  the  others.  When  we  mix  nitric  acid  with  nitrous 
air  it  forms  nitrous  acid,  fo  it  fhould  according  to  this  explanation.  The  nitrogen  In  the  nitrous  air  being 
combined  with  a fmaller  portion  of  oxygen,  has  a ftronger  affinity  for  oxygen  than  the  nitrogen  in  nitric  acid 
has  : It  therefore  partially  decompofes  the  nitric  acid,  combines  with  part  of  its  oxygen,  thus  reduces  it  to  the 
ftate  of  nitrous  acid  while  it  pafles  on  to  the  fame  ftate  itfelf,  and  then  their  afiinity  for  oxygen  being  equal, 
the  decompofition  ceafes  and  they  form  an  homogeneous  acid.  But,  fays  he,  nitric  and  nitrous  acids  undergo 
no  change  when  mixed.  How  does  he  know  that  no  change  is  made  ? Have  the  two  acids  ever  been  mixed 
and  then  feparated  without  any  change  having  taken  place  in  them  ? If  they  have,  and  the  nitrous  acid  made 
ufe  of  did  not  nearly  approach  to  the  ftate  of  nitric  acid,  it  will  at  leaft  be  a plaufible  though  not  a conclu- 
five  argument.  But  where  is  he  to  fix  his  firft  ftep,  or  the  point  of  faturation  ? It  already  appears  that  ni- 
trous air  is  not  oxygen  and  nitrogen,  but  it  is  the  dephlogificated  nitrous  air  of  Dr  Prieftley  united  to  oxygen. 
If  by  any  procefs  this  is  partially  decompofed,  it  will  then  appear  that  it  is  not  nitrogen  combined  with  oxygen, 
but  the  new  combination  of  thefe  gafes  which  remains  and  oxygen.  Thus,  however  fmall  a portion  of  oxygen 
we  may  find  combined  with  nitrogen,  we  are  to  take  it  for  granted  that  it  is  faturated.  Thefe  too  are  the  ar- 
guments on  which  he  founds  his  theory  of  the  oxyd  of  a metal  which  contains  the  fmalleft  portion  of  oxygen 
being  faturated  and  that  the  other  oxyds  of  it  are  but  a combination  of  oxygen  to  the  compound.  Thus  the 
grey  oxyd  of  lead  would  be  with  him  lead  faturated  with  oxygen,  the  yellow  oxyd  the  grey  oxyd  combined 
with  oxygen,  and  the  red  oxyd,  the  yellow  oxyd  oxygenated.  I muft  confefs  I cannot  fee  the  force  of  his 
obfervations.  He  has  not,  as  far  as  I can  fee,  adduced  a Angle  argument  to  prove  that  the  oxygen  does  not 
■unite  immediately  to  the  metal,  which  is  certainly  a much  more  rational  idea  than  to  fuppole  it  unites  to  the 
oxyd.  T.  P.  S. 

(z)  Morveau  has  fhown,  that  even  alumina  contains  fulphuric  acid,  provided  a precipitation,  on  adding  mu- 
riat  of  barytes,  be  a fufficient  teft. 

(a)  For  let  D zr.  the  denfity  of  a mixture ; m the  weight  of  the  denfer  ingredient ; </Its  denfity  ; /the  weight  of 

ffl  I 

an  equal  bulk  of  water ; and  m',  d',  and  /',  the  fame  elements  of  the  rarer  : Then  D = , . „ ■ . In  the  above 
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cafe,  m + m'  20,  and  / -f-  /'  = 13,3.  Then  D = = 1,5 
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how  Touch  pure  acid  is  contained  in  a given  quantity  of 
liquid  muriatic  acid  of  any  particular  denfity. 

Now  the  fpecific  gravity  of  the  purefl:  muriatic  acid 
that  can  eafily  be  procured  and  preferved,  is  1,196;  it 
would  be  needlefs,  therefore,  to  examine  the  purity  of 
any  muriatic  acid  of  fuperior  denfity.  Mr  Kirwan  cal- 
culated that  muriatic  acid,  of  the  denfity  1,196,  con- 
tains parts  of  acid  of  the  denfity  1,500,  which  he 
took  for  the  ftandard  ; then,  by  means  of  experiments, 
he  formed  the  following  table  ; 


100  parts, 
at  the  fpe- 
cific gra- 
vity 

j contain 
[ of  ftan- 
dard acid 

1 

too  parts, 
at  the  fpe- 
cific gra- 
vity 

contain 
of  ftan- 
dard acid 

liGO  parts, 
at  the  fpe- 
cific gra- 
vity 

contain 
of  ftan- 
dard acid 

1,196 

49 

1.147 

37 

1,1036 

26 

1,191 

48 

1.1414 

36 

1,0984 

25 

1,187 

47 

1,1396 

35 

1,0942 

24 

I5I83 

46 

1.1358 

34 

1,0910 

23 

1. 179 

45 

1.1320 

33 

1,0868 

22 

I.175 

44 

1,1282 

32 

1,0826 

21 

1,171 

43 

1,1244 

31 

1,0784 

20 

1,167 

42 

1,1206 

30 

1,0742 

19 

1.163 

41 

I ,I  168 

29 

1.0630 

16 

1.159 

40 

1, 1 120 

28 

1.0345 

10 

1.155 

1.151 

39 

38 

00 

0 

27 

1,0169 
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Muriatic  acid  (for  this  folution  of  the  acid  in  water 
is  always  called  by  that  name)  is  generally  of  a pale 
yellow  colour,  owing,  as  Dr  Pi  ieftley  fuppofed,  to  fome 
earthy  matter  dilfolved  in  it ; but  much  more  probably 
to  its  having  abforbed  a quantity  of  oxygen,  for  which 
it  has  a ftrong  affinity.  Indeed,  that  this  is  the  caufe 
appears  evidently  from  Dr  Prieftley’s  own  obfervations  ; 
for  it  w'as  deftroyed  only  by  thofe  bodies  which  had  a 
ftronger  affinity  for  oxygen.  It  is  very  volatile,  as 
might  be  expeded,  conftantly  emitting  white  fumes  of 
a peculiar  and  unpleafant  odour. 

Muriatic  acid  is  capable,  by  the  affiftance  of  heat,  of 
oxydating  the  following  metals  : Iron,  tin,  lead,  zinc, 
bifmuih,  cobalt,  nickel,  manganefe,  antimony,  arfenic. 
Several  of  thefe,  as  iron,  for  inhance,  it  oxydates  even 
without  the  affiftance  of  heat. 

At  a boiling  heat,  it  oxydates  filver  and  copper.  It 
has  no  adtion  on  gold,  platinum,  mercury,  tungften, 
molybdenum,  tellurium,  titanium.  Its  adtion  on  ura- 
nium has  not  been  tried. 

In  the  ftate  of  gas,  it  appears  to  decompofe  alcohol 
and  oils  by  its  affinity  for  w^ater.* 

It  is  capable  of  dilTolving  a little  fulphat  and  fluatf 
of  lime,  and  arfeniat  of  mercury. 

It  combines  with  the  alkalies,  alkaline  earths,  alu- 
mina, and  jargonia,  and  with  moft  of  the  metallic  oxyds, 
and  forms  neutral  falts,  known  by  the  name  of  niuriats. 


Morveau  firft  ffiewed,  that  this  acid,  in  the  ftate  of 
gas,  neutralized  putrid  miafmata,  and  by  that  means 
deftroyed  their  bad  effedls.  In  1773,  the  cathedral  of 
Dijon  was  fo  infedted  by  putrid  exhalations,  that  it  was 
deferted,  after  feveral  unfuccefsful  attempts  to  purify  it. 
Application  vcas  made  to  Mr  Morveau  to  fee  whether 
he  knew  any  method  of  deftroying  thefe  exhalations. 
He  poured  two  pounds  of  fulphuric  acid  on  fix  pounds 
of  common  fait,  contained  in  a glafs  capfule,  which  had 
been  placed  on  a few  live  coals  in  the  middle  of  the 
church.  He  withdrew  precipitately,  and  fhut  all  the 
doors.  The  muriatic  acid  gas  foon  filled  the  whole. ca- 
thedral, and  could  even  be  perceived  at  the  door. 
After  1 2 hours,  the  doors  were  thrown  open,  and  a cur- 
rent of  air  made  to  pafs  through  to  remove  the  gas. 
This  deftroyed  completely  every  putrid  odour:};. 

The  affinities  of  muriatic  acid  are  as  follows;. 
Barytes, 

Potafs, 

Soda, 

Strontites 

Lime, 

Magnefia, 

Ammonia, 

Alumina, 

Jargonia,* 

Metallic  oxyds  as  in  fulphuric  acid. 
Water. 
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Sect.  VI.  Of  Oxy  muriatic  jlcid. 

Put  into  a glafs  retort  one  part  of  the  black  oxyd 
of  manganefe  and  three  parts  of  muriatic  acid ; place 
it  in  a fand-bath  in  fuch  a manner  that  the  liquor  which 
rifes  up  into  the  neck  of  the  retort  may  fall  back  again 
into  the  velfel ; and  apply  a fmall  receiver,  with  a little 
water  in  it,  luted  to  the  retort  merely  by  a fillet  of 
brown  paper.  In  about  a quarter  of  an  hour  the  re- 
ceiver will  appear  filled  with  a yellow-coloured  gas  ; it 
is  then  to  be  removed,  and  others  applied  fucceffively 
till  the  operation  be  finiffied. 

This  gas  is  oxy-muriatic  acid,  firft  difcovered  by 
Scheele,  w'hile  he  was  making  experiments  on  manga- 
nefe, and  called  by  him  dephlogijiicated  muriatic  acid,  be- 
caufe  he  thought  it  muriatic  acid  deprived  of  phlo- 
gifton.  The  French  chemifts  called  it  oxygenated  muri- 
atic acid,  which  Dr  Pearfon  contrafted  into  oxy-muria- 
tic acid ; and  this  laft  name  we  have  adopted,  becaufe  it 
is  ftiorter  and  equally  diftind. 

The  true  theory  of  the  formation  and  compofition 
of  this  acid,  which  w'as  firft  given  by  Berthollet,  will 
appear  from  the  following  fads : The  black  oxyd  of 
manganefe  is,  during  the  procefs,  converted  into  white 
oxyd,  and  muft  therefore  have  given  out  a quantity  of 
oxygen.  When  oxy-muriatic  acid  diftblved  in  water  is 
prelented  to  the  light  in  a vcifel  half  empty,  oxygen 
gas  is  difengaged  and  floats  above,  and  the  acid  is  con- 
verted 
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condenfed  muriatic  acid  gas,  we  have  from  the  above  equation  / = 


m m'  — /'  D 


D 


LJ 


3,3;  and  ^=5 


m 

7 


10 


3’3 


= 3,03.  See  Irijh  TranfaSions,  vol.  iv. 


This  calculation,  however,  is  formed  upon  the  fuppofition  that  the  water  fuffers  no  condenfation  at  all — a 
fuppofition  certainly  contradided  by  every  analogy,  and  which,  as  Mr  Keir  has  fhewn,  the  experiments  mentioned 
in  Mr  Kirwan’s  firft  paper  are  infufficient  to  prove. 
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vetted  into  common  muriatic  acid  : Confeqnentlf  oxy- 
murlatic  acid  is  compofed  of  muriatic  acid  and  oxygen. 
Black  oxyd  of  manganefe  is  compofed  of  white  oxyd 
and  oxygen  j muriatic  acid  has  a ftronger  aflSnity  fo‘r 
oxygen  than  the  white  oxyd;  during  the  diftillation 
the  black  oxyd  is  decompofed,  the  oxygen  combines 
with  muriatic  acid,  and  the  produdl  is  oxy-muriatic 
acid  gas. 

Oxy-muriatic  acid  gas  is  of  a yellow  colour.  It  fup- 
ports  flame,  but  cannot  be  breathed  without  proving 
noxious.  The  death  of  the  ingenious  and  induftrious 
Pelletier,  to  whom  we  have  fo  often  referred,  was  occa- 
fioned  by  his  attempting  to  refpire  it.  A confumption 
was  the  confequence  of  this  attempt,  which,  in  a Ihort 
time,  proved  fatal. 

It  does  not  unite  readily  with  water.  Scheele  found, 
that  after  (landing  12  hours  over  water,  ^ths  of  the  gas 
were  abforbed  : tlie  remainder  was  common  air,  which 
no  doubt  had  been  contained  in  the  veffcl  before  the 
operation.  Berthollet  furrounded  feveral  bottles  con- 
taining it  with  ice  : as  foon  as  the  water  in  thefe  bottles 
was  (aturated,  the  gas  became  concrete,  and  funk  to 
the  bottom  of  the  vefl’els ; but  the  fmallefl;  heat  made  it 
rife  in  bubbles,  and  endeavour  to  efcape  in  the  form  of 
gas*.  Weftrum  obferved  that  it  became  folid  when 
expofed  in  large  vefTels  to  the  temperature  of  40'^  ; and 
that  then  it  exhibited  a kind  of  cryftallizationf.  The 
fpecific  gravity  of  water  faturated  with  this  gas  at  the 
temperature  of  43°,  is  1,003:!:.  Water  impregnated 
with  it  has  not  an  acid,  but  an  aultere  tafte^,  unlike 
that  of  other  acids. 

It  renders  vegetable  colours  tuhlte,  and  not  red,  as 
other  acids  do;  and  the  colour  thus  deftroyed  can 
neither  be  reftored  by  acids  nor  alkalies.  It  has  the 
fame  effeds  on  yellow  wax.  If  the  quantity  of  vegetable 
colours  to  which  it  is  applied  be  fufficiently  great,  it  is 
found  reduced  to  the  ftate  of  common  muriatic  acid. 
Hence  it  is  evident,  that  it  deftroys  thefe  colours  by 
communicating  oxygen.  This  property  has  rendered 
oxy-muriatic  acid  a very  important  article  in  bleach- 
ing. 

Nitrous  gas,  hydrogen,  fulpbur,  fulphurous  acid,  and 
phofphorus,  decompofe  this  acid,  by  depriving  it  of  its 
oxygen,  and  leaving  the  muriatic  acid  in  afeparatc  (fate. 
Phofphorus,  however,  does  not  produce  this  efFeft  fo 
readily,  except  when  alTifted  by  heat*. 

When  muriatic  acid  is  mixed  with  nitric  acid,  the 
compound  has  precifely  the  fmell  and  the  qualities  of 
oxy-muriatic.  It  can  fcarcely  be  doubted,  therefore, 
that  as  far  as  it  afts  as  an  acid,  different  from  the  mu- 
riatic and  the  nitric,  it  is  nothing  elfe  but  oxy-muriatic 
acid. 

This  mixture  of  the  two  acids  was  formerly  called 
aqua  regia;  but  at  prefent  it  is  called  by  the  French 
chemifts  nitro-muriatic  acid.  It  is  firft  mentioned  by 
Ifaac  the  Hollander,  and  feems  to  have  been  known  be- 
fore the  muriatic  acid  itfelf.  It  was  prepared  by  pour- 
ing nitric  acid  on  common  fait.  The  nitric  acid  de- 
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compofcs  the  fait,  and  part  of  it  unites  with  the  murl-  Oxy-ir.uri- 
aiic  acid  thus  fet  at  liberty.  aticAdJ. 

Oxy-muriatic  acid  oxy dates  all  the  metals  (except, 
perhaps,  titanium)  without  the  afliftance  of  heat.  Its  adion 
It  dccompofes  red  fulphuret  of  mercury,  or  cinnabar,  on  other 
which  neither  fulphuric  nor  nitric  acid  is  able  to  ac-  bodies, 
complifhf . f Bergman. 

All  the  fubftances  placed  before  muriatic  acid  in  the 
table  of  the  affinities  of  oxygen,  are  capable  of  decompof- 
ing  this  acid.  Many  of  them,  when  plunged  into  it  while 
in  the  ftate  of  gas,  adtually  take  fire.  Weftrum  obferv- 
ed, for  inftance,  that  when  pieces  of  wood  were  plung- 
ed into  this  gas,  they  took  fire ; that  arfenic  burned 
with  a blue  and  green  flame;  bifmuth,  vrith  a lively 
blui(h  flame  ; nickel,  with  a white  flame,  bordering  on 
yellow  ; cobalt,  with  a white  flame,  approaching  to 
blue  ; zinc,  wfith  a lively  white  flame;  tin,  with  a feeble 
bluifh  flame  ; lead,  wdth  a fparkling  white  flame  ; cop- 
per and  iron,  with  a red  flame : that  powdered  char- 
coal took  fire  In  it  at  the  temperature  of  90®,  and  that 
ammonia  produced  with  it  a loud  detonation  J.  ■ f Jour,  de 

With  .alkalies,  earths,  and  metallic  oxyd>,  it  is  ca- 
pable  of  combining  and  forming  neutral  falts,  which 
have  been  called  oxy-muriats,  ^ 435 

The  affinities  of  this  acid,  according  to  Lavoifier,  Itsafinities. 
are  as  follows : 


Alumina, 

Jargonia*  ? 

Ammonia, 

Oxyd  of  antimony, 

Silver, 

Arfenic, 

Barytes, 

Strontites  ? 

Oxyd  of  bifmuth, 
Lime, 

Oxyd  of  cobalt, 

Copper, 

Tin, 

Iron, 

Magnefia  (b), 

Oxyd  of  manganefe, 

Mercury, 

Molybdenum, 

Nickel, 

Gold, 

Platinum, 

Lead, 


* 7"^ auque- 
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ao8. 


Potafs, 

Soda, 

Oxyd  of  tungflen, 

Zinc  (c).  ^ 436 

The  component  parts  of  muriatic  acid  are  ftill  im-  Of  the 
perfedtly  known.  Dr  Girtanner  pretended,  about  the  component 
year  1790,  that  he  had  decompofed  it ; and  that  it  con- 
lifted  of  hydrogen  combined  with  a greater  proportion 
of  oxygen  than  enters  into  the  compofition  of  water. 

He  paffed  eledrical  explofions  through  muriatic  acid, 

3 B and 


(b)  According  to  Tromfdorf,  oxy-murialic  acid  is  incapable  of  combining  with  magnefia.  uinn.  de  Chlm, 
xxii.  218. 

(c)  This  is  the  order  of  the  affinities  of  nitro-muriatic  acid.  Many  fads  (fome  of  which  ftiall  appear  after- 
wards) concur  to  prove  that  the  affinities  of  the  oxy-muriatic  acid  are  the  fame,  and  indeed  that  they  are  the 
fame  acids. 
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Lavoifier  computes,  that  phofphoric  acid  contains 
ICO  parts  of  phofphorus  and  154  of  oxygen. 

The  colour  of  tiiis  acid  is  white  ; it  has  no  fmell, 
has  an  acid  tafte,  but  is  not  corrofive(E.) 

It  is  exceedingly  fixed.  When  expofed  to  the  fire 
in  a matrafs  with  a long  neck,  it  lofes  at  firft  the  greater 
part  of  its  water  ; then  an  odour  of  garlic  is  felt,  ow- 
ing to  fome  phofphorus  from  which  it  is  exceedingly 
difficult  to  clear  it  entirely  ; there  is  likewife  a fmall 
quantity  of  the  acid  volatilized  along  with  the  water. 
The  liquor  then  becomes  thick  and  milky  : fmall  lumi- 
nous decrepitations  take  place  from  time  to  time,  and 
they  continue  for  fome  time  after  the  veflel  is  taken 
from  the  fire.  If  the  matter  be  then  put  into  a cru- 
cible and  placed  among  burning  coals,  it  firft  boils  vio- 
lently, and  gives  out  a vapour  which  tinges  flame  green, 
and  is  at  lati  converted  to  a white  tranfparent  glafs,  in- 
foluble  in  water. 

The  fpecific  gravity  of  this  acid  in  a ftate  of  dry- 
nefs  is  z,687f , that  of  phofphoric  acid  by  deliquef- 
cence  I>417*.  It  is  capable  of  cryftallizing  ; its  cry- 
llals  are  quadrangular  prifms  terminated  by  quadran- 
gular pyramids. 

Phofphoric  acid  obtained  by  deliquefcence,  when 
mixed  with  an  equal  quantity  of  diftilled  v/ater,  acqui- 
red fo  little  heat  as  to  raife  the  thermometer  only  one 
degree,  as  Mr  Sage  obferved, 

Mr  Lavoifier  raifed  Reaumur’s  thermometer  from  8® 
to  14°  or  15®  by  mixing  phofphoric  acid  boiled  to 
the  confiftence  of  a fyrup,  with  an  equal  quantity  of 
water  ; and  from  8°  to  32®  or  33®  when  the  acid  was 
as  thick  as  turpentine*. 

Phofphoric  acid  is  capable  of  oxydating  iron,  tin, 
lead,  zinc,  antimony,  bifmuth,  manganefe.  When  fu- 
fed  with  feveral  of  thefe  metals,  as  tin,  lead,  iron,  and 
zinc,  it  is  converted  into  phofphorus ; a proof  that  they 
have  a ftronger  affinity  for  oxygen. 

It  does  not  adt  upon  gold,  platinum,  filver,  copper, 
mercury,  arfenic,  cobalt,  nickel.  It  appears,  however, 
to  have  fome  adlion  on  gold  in  the  dry  ivay,  as  it 
is  called  ; for  when  fufed  with  gold-leaf,  it  affiumes  a 
purple  colour  ; a proof  that  the  gold  has  been  oxydated. 

It  is  capable  of  combining  with  alkalies,  alkaline 
earths,  alumina,  and  metallic  oxyds  ; and  of  forming 
falts,  known  by  the  name  of  phofphats. 

Phofphoric  acid,  by  the  affiftance  of  heat,  is  capable 
of  decompofing  glafs. 

Its  affinities  dre  as  follows  : 

Lime, 

Barytes, 

StrontitesJ 

Magnefia, 

Potafs, 

Soda, 

Ammonia, 

Alumina, 

Jargonia*, 

Metallic  oxyds,  as  in  fulphuric  acid. 
Water. 

The  Phosphorous  Acid  is  formed  when  phofpho- 
rus is  expofed  to  a flowfponianeous  combuftion  at  the 
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temperature  of  the  atmofpbere  ; but  It  gradually  abffirbs  Ectacie 
more  oxygen,  and  is  converted  into  phorphoric  acid.  Ac:d. 

Concerning  phofphcrous  acid,  nothing  of  any  confe- 
quence  is  at  prefent  known,  except  that  it  contains  lefs 
oxygen  than  phofphoric  acid. 


Sect.  VIII.  JBorac'tc  Acid, 
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The  word  borax  firft  occurs  in  the  works  of  Ge-  Borax, 
ber,  an  Arabian  chemift  of  the  tenth  century.  It  is  a 
name  given  to  a fpecies  of  white  fait  much  ufed  by  va- 
rious artifts.  Its  ufe  in  foldering  metals  appears  tO’ 
have  been  knowm  to  Agricola. 

Borax  is  found  mixed  with  other  fubftances  in  Thi- 
bet. It  feems  to  exift  in  fome  lands  adjacent  to  lakes, 
from  which  it  is  extrafted  by  water,  and  depofited  in 
thole  lakes : whence  in  fummer,  when  the  water  is 
lliallow,  it  is  extracfted  and  cariied  off  in  large  Um\ps. 
Sometimes  the  water  in  thefe  lakes  is  admitted  into 
refervoirs,  at  the  bottom  of  which,  when  the  water  is 
exhaled  by  the  fummer’s  hear,  this  fait  is  found. — 

Hence  it  is  carried  to  the  Eaft-Indies,  where  it  is  in 
fome  meafure  purified  and  cryftallized  : in  this  ftate  it 
comes  to  Europe,  and  is  called  tincal.  In  other  parts 
of  Thibet,  it  feems,  by  accounts  received  from  China, 
they  dig  it  out  of  the  ground  at  the  depth  of  about 
two  yards,  where  they  find  it  in  fmall  cryftalline  maffes, 
called  by  the  Chinefe  7?ii  poun,  houi  poim,  2iXid  pin  poun  ; 
and  the  earth  or  ore  is  called  pounxa* . * Kirwant 

Though  borax  has  been  in  common  ufe  for  nearly  Mineralogy, 
three  centuries,  it  was  only  in  1702  that  Homberg,  by 
diftilling  a mixture  of  borax  and  green  vitriol,  difeovered  Djfcotery 
the  boracic  acid.  He  called  it  narcotic  or  fedative  fait,  of  boracic 
from  a notion  of  his  that  it  poffeffed  the  properties  in-  acid- 
dicated  by  thefe  names.  In  his  opinion,  it  was  merely 
a produdl  of  the  vitriol  which  he  had  ufed  ; but  Le- 
mery  the  Younger  foon  after  difeovered,  that  it  could 
likewife  be  obtained  from  borax  by  means  of  the  nitric 
and  muriatic  acids.  Geoffroi  afterwards  difeovered, 
that  borax  contained  foda ; and  at  laft  Baron  proved, 
by  a number  of  experiments,  that  borax  was  compofed 
of  boracic  acid  and  foda  ; that  it  might  be  reproduced 
by  combining  thefe  two  fubftances — and  that  therefore 
the  boracic  acid  was  not  formed  duiing  the  decom- 
pofition  of  borax  as  former  chemifts  had  imagined, 
but  vt'as  a peculiar  fubftance  which  pre-exifted  in  that 
fait.  443 

This  conclufion  has  been  called  in  queftion  by  Mr  Attempt* 
Cadet*;  who  affirmed,  that  it  was  compofed  of  foda, 
the  vitrifiahk  earth  of  copper,  another  unknonvn  ?7ietal,  and 
77iuriatic  acid.  But  this  affertion  has  never  been  con- . 
firmed  by  a fingle  proof ; Mr  Cadet  has  only  pro-  * joum.  <le 
ved,  that  boracic  acid  fometimes  contains  copper  ; and  Phyf.  1782. 
Beaume’s  experiments  are  fufficient  to  convince  us,  that 
this  metal  is  merely  accidentally  prefent,  and  that  It  is 
probably  derived  from  the  veffels  employed  in  cryftal- 
lizing borax  ; That  boracic  acid  generally  contains  a 
little  of  the  acid  employed  to  feparate  it  from  the  foda, 
with  which  it  is  combined  in  borax  : iknd  that  crude 
borax  contains  a quantity  of  earth  imperfedly  fatura- 
ted  with  boracic  acid  : — All  which  may  be  very  true  ; 
but  they  are  altogether  infufficient  to  prove  that  bora- 
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(e)  We  have  obferved,  however,  that  when  very  much  concentrated  itdeftroyed  the  texture  of  vegetable  fub- 
ftances, paper,  for  inftance,  very  completely. 
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cic  aciJ  is  not  a peculiar  fubftance,  fince  it  dlfpla7s  pro- 
perties different  from  every  other  body. 

Meffrs  Exfchaquet  and  Struve  have  endeavoured,  on 
the  other  hand,  to  prove,  that  the  phofphoric  and  bo- 
racic acids  are  the  fame.  But  their  experiments  mere- 
ly fhew,  that  thefe  acids  refembleone  another  in  feveral 
particulars  ; and  though  they  add  confiderably  to  our 
Icnovt'ledge  of  the  properties  of  the  phofphoric  acid,  they 
are  quite  inadequate  to  eftablilh  the  principle  which 
thefe  chemifts  had  in  view ; fince  it  is  not  fufficient  to 
prove  the  identity  of  the  two  acids,  to  fhew  us  a re- 
femblance  in  a few  particulars,  while  they  differ  in 
many  others.  Boracic  acid  muff  therefore  be  confider- 
ed  as  a diUiniff  fubftance,  the  component  parts  of  which 
are  entirely  unknown. 

The  eafieft  method  of  procuring  boracic  acid  is  the 
following  one : Diffolve  borax  in  hot  water,  and  filter 
the  folution ; then  add  fulphuric  acid,  by  little  and  little, 
till  the  liquor  be  rather  more  than  faturated.  Lay  it 
afide  to  cool,  and  a great  number  of  fmall,  fliining,  la- 
minated Cry  ttals  will  form.  Thefe  are  the  boracic  acid. 
They  are  to  be  wafhed  with  cold  water,  and  drained 
upon  brown  paper. 

This  acid  has  a fourifii  tafte  at  firfl,  then  makes  a 
bitterifh  cooling  impreffion,  and  at  laft  leaves  an  agree- 
able fweetnefs.  Its  cryftals  have  foroe  refemblance  to 
fpermaceti,  and  it  has  the  fame  kind  of  feel. 

It  changes  vegetable  blues  to  red  ; it  has  no  fmell ; 
but  when  fulphuric  acid  is  poured  on  it,  a tranfient 
odour  of  muflc  is  produced*.  The  air  produces  no 
change  on  it. 

According  to  Reufs,  it  is  foluble  in  20  parts  of  cold 
water,  eight  parts  of  warm  water,  and  2,5  of  boiling 
water.  According  to  Wenzel,  960  grains  of  boiling  wa- 
ter, diffolve  434  of  this  acid.  According  to  Morveau, 
one  pound  of  boiling  water  dilfolves  only  183  grains. 

It  is  exceedingly  fixed  when  not  combined  with  wa- 
ter. When  expofed  to  a violent  fire  it  is  converted  in- 
to a white  tranfparent  glafs  ; which,  however,  is  feluble 
in  water,  and  produces  the  acid  again  by  evaporation. 

Boracic  acid  is  alfo  foluble  in  alcohol  ; and  alcohol 
containing  it  burns  with  a green  flame. 

Its  fpecific  gravity  is  i,479f. 

Paper  dipped  into  a folution  of  boracic  acid  burns 
with  a green  flame. 

Though  mixed  with  fine  powder  of  charcoal,  it  is 
neverthelefs  capable  of  vitrification;  and  with  foot  it 
melts  into  a black  bitumen-like  mafs,  which  is,  however, 
foluble  in  water,  and  cannot  be  eafily  calcined  to  afhes, 
but  fublimes  in  partf . 

With  the  affiftance  of  a diftilling  heat  it  dilfolves  in 
oils,  efpecially  in  mineral  oils,  and  with  thefe  it  yields 
fluid  and  folid  produifts,  which  give  a green  colour  to 
fpirit  of  wine. 

When  boracic  acid  is  rubbed  with  phofphorus,  it 
does  not  prevent  its  inflammation,  but  an  earthy  yellow 
matter  is  left  behindf . 

It  is  hardly  capable  of  oxydating,  or  dilTolving  any 
of  the  metals  except  iron  and  zinc,  and  perhaps  copper. 

Boracic  acid  combines  with  alkalies,  alkaline  earths, 
and  alumina,  and  moll  of  the  metallic  oxyds,.and  forms 
compounds  which  are  called  borats^ 

Its  affinities  are  as  follows 
Lime, 

Barytes, 


Strontitesf;, 

Magnefia, 

Potafs, 

Soda, 

Ammonia, 

Oxyd  of  zinc, 

iron, 

lead, 

tin, 

' ■ — cobalt, 

copper, 

nickel, 

mercury. 


\Dr  Hi 
Tranf. 

Riin.  I\ 


Alumina, 

Jargonia^, 

Water, 

Alcohol. 

Sect.  IX.  Fluoric  Acid. 


§ Vauqu. 

lin.  Am. 
_ Ch  'm.  XT 
ao8. 

4JI 

The  mineral  called  fluor  or  fujible  fpar,  was  not  pro- Difcovei 
perly  diftinguiflied  from  other  fpars  till  Margraf  pn- 
blifhed  a differtation  on  it  in  the  Berlin  Tranfaftions  for 
1768.  He  firft  proved,  that  it  contained  no  fulphuric 
acid,  as  had  been  formerly  fuppofed  ; he  then  attempted 
to  decompofe  it,  by  mixing  together  equal  quantities 
of  this  mineral  and  fulphuric  acid,  and  diftilling  them. 

By  this  method  he  obtained  a nxihite  Jublimate,  which  he 
fuppofed  to  be  the  fluor  itfelf  volatilized  by  the  acid. 

He  obferved,  with  aftonifliment,  that  the  glafs  retort 
was  corroded,  and  even  pierced  with  holes.  Nothing 
more  w'^as  known  concerning  fluor  till  Scheele  publifhed 
his  experiments  three  years  after;  by  which  he  proved, 
that  it  was  ccmpofed  chiefly  of  lime  and  a particular 
acid  which  has  been  called  fluoric  acid. 

To  obtain  it,  put  eight  ounces  of  finely  powdered  Method 
fluor  into  a retort,  and  pour  on  it  an  equal  quantity  of  pbtainin 
fulphuric  acid,  and  lute  to  the  retort  as  exaflly  as  pof-**‘ 
Able,  a receiver  containing  eight  ounces  of  water.  Va- 
pours Immediately  appear  and  darken  the  infide  of  the 
velfel : Thefe  are  the  acid  in  the  ftate  of  gas.  The  dif- 
tillation  is  to  be  conducled  with  a very  moderate  heat, 
not  only  to  allow  the  gas  to  condenfe,  but  alfo  to  pre- 
vent the  fluor  itfelf  from  fubliming.  After  the  pro- 
cefs,  a cruft  of  white  earth  is  found  in  the  receiver, 
which  has  all  the  properties  of  filica. 

Scheele  fuppofed,  that  the  filica  produced  was  form- 
ed of  fluoric  acid  and  water  ; and  Bergman  adopted  the- 
fame  opinion.  But  Wiegieb  and  Buccholz  fhewed, 
that  the  quantity  of  filica  was  exadlly  equal  to  what 
the  retort  loft  in  weight ; and  Meyer  completed  the 
proof  that  it  was  derived  from  the  glafs,  by  the  follow- 
ing  experiment : He  put  into  each  of  three  equal  cylin- 
drical tin  vefiels  a mixture  of  three  oz.  of  fulphuric  acid 
and  one  oz.  of  fluor,  which  had  been  pulverized  in  a 
mortar  of  metal.  Into  the  firft  he  put  one  oz.  of 
pounded  glafs ; into  the  fecond,  the  fame  quantity  of 
quartz  in  powder ; and  into  the  third,  nothing.  A- 
bove  each  of  the  veflels  he  hung  a fponge  moiften- 
ed  with  water ; and  having  covered  them,  he  expofed 
them  to  a moderate  heat.  The  fponge  in  the  firft 
cylinder  was  covered  with  the  cruft  in  half  an  hour  j 
the  fponge  in  the  fecond  in  two  hours  ; but  no  cruft 
was  formed  in  the  third,  though  it  was  expofed  feveral 
days.  In  confequence  of  this  decifive  experiment, 
Bergman  gave  up  his  opinion,  and  wrote  an  account  of 
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Meyer’s  experiment  to  Morveau,  who  was  employed  in 
tranflating  his  works,  to  enable  him  to  corred  the  mif- 
take  in  his  notes. 

Soon  after  the  difcovery  of  this  acid,  difficulties  and 
doubts  concerning  its  exiftence  as  a peculiar  acid  were 
ftarted  by  fome  French  chemifts,  difguifed  under  the 
name  of  Boulanger,  and  afterwards  by  Mr  Achard  and 
Mr  Monnet.  To  remove  thefe  objedions,  Mr  Scheele 
inftituted  and  publiffied  a new  fet  of  experiments  ; which 
not  only  completely  ehabliffied  the  peculiar  nature  of 
the  fluoric  acid,  but  once  more  difplayed  the  unrivalled 
abilities  of  the  illuftrious  difcoverer.  Thefe  important 
particulars  we  pafs  over  thus  (lightly,  becaufe  they  have 
been  partly  treated  of  already  in  the  article  Chemistry 
(Encycl.)  One  experiment,  however,  we  cannot  omit, 
becaufe  it  is  fufficlent  of  itfelf  to  deftroy  almoft  all  the 
objedions  of  his  antagonifts,  which  confifted  in  at- 
tempting to  prove,  that  the  fluoric  acid  was  merely  a 
modification  of  the  acid  employed  to  extrad  it.  We 
ftiall  give  it  in  Mr  Scheele’s  own  words. 

“ I melted  together  (fays  he)  in  a crucible  two 
ounces  of  finely  pulverized  fluor  ipar  with  four  ounces 
©f  potafs.  As  foon  as  they  were  melted,  I poured  out 
the  mafs,  rubbed  it,  when  it  was  become  cold,  to  a pow- 
der, and  extraded  the  alkali  from  it  again  by  lixivia- 
tion  witli  water.  I evaporated  the  lixivium  to  dry- 
nefs ; and  threw  away  the  remaining  undiifolved  powder 
(which  was  only  one  of  the  component  parts  of  the  fluor, 
and  which  dilTolved  readily,  and  with  effervefcence,  in 
acids)  from  its  folution,  in  which  it  may  be  precipitat- 
ed by  fulphuric  acid  in  the  form  of  felenite  (fulphat  of 
lime) . Upon  a little  of  the  dried  alkali,  put  into  a fmall 
retort,  I poured  fome  fulphuric  acid,  fitted  to  it  a re- 
ceiver containing  fome  water ; and  even  before  the  retort 
was  become  hot,  I obferved  this  water  to  be  covered 
over  with  a pellicle  of  hliceous  earth  : a certain  proof 
that  the  alkali  had  extraded  the  acid  from  the  fluor 
during  its  expofure  to  the  fire  with  it.  Should  Mr 
Achard,  agreeably  to  the  opinion  which  he  has  adopt- 
ed, conclude  from  this  experiment,  that  the  alkali  fe- 
parated  the  volatile  earth  from  the  fluor  (f)  ; ftill  he 
muft  certainly  allow  this  earth  of  his  to  be  of  an  acid 
nature,  fince  the  alkali  is  capable  of  difengaging  it  from 
the  calcareous  earth. — The  remaining  portion  of  the 
dried  alkali  1 diflhlved  again  in  water,  and  faturated  the 
fuperfluous  alkali  with  pure  nitric  acid.  After  expell- 
ing  from  this  faturated  folution,  by  means  of  heat,  the 
carbonic  acid  gas,  which  in  fuch  cafes  is  always  retain- 
ed in  the  liquor,  I dropped  fome  of  it  into  lime-water  ; 
whereupon  I obtained  a white  precipitate,  which  was  a 
regenerated  fluor.  I now  dilfolved  fome  oxyd  of  lead 
in  vinegar,  and  continued  to  add  to  the  ley,  which  had 
been  faturated  with  nitric  acid,  as  much  of  this  folu- 
tion as  was  requifite,  till  all  precipitation  ceafed.  Thus 
I transferred  the  fluor  acid  from  the  alkali  to  the  oxyd 
of  lead.  After  wafhing  the  precipitate  in  cold  water, 
and  drying  it,  I dropped  upon  a fmall  quantity  of  it  a 
few  drops  of  fulphuric  acid  : a frothing  up  immediate- 
ly enfued,  accompanied  with  an  extrication  of  fluor  acid 
vapours.  But  perhaps,  in  this  cafe,  the  volatile  earth 
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of  fluor  unites  with  the  fulphuric  acid,  and  converts  Fluoric 
this  fixed,  or  almoft  fixed  acid  into  acid  gas.  I can  Add. 
eafily  make  allowance  to  Dr  Prieftley  for  being  inclin- 
ed to  draw  fuch  a conclufion,  fince  this  celebrated  phi- 
lofopher  does  not  pretend  to  be  achemift  (g).  Being 
defirous  of  feeing  whether  heat  alone  was  capable  of 
expelling  this  acid  from  the  oxyd  of  lead,  I put  a little 
of  this  fluorated  oxyd  into  a fmall  retort,  the  receiver 
to  which  contained  fome  water.  The  oxyd  was  melt- 
ed ; but  I could  not  perceive  any  acid.  ' The  bottom 
of  the  retort  was  moreover  quite  corroded  and  dilfolved, 
fo  that  the  whole  ran  into  the  fire.  Thus  the  oxyd  of 
lead  retains  this  acid  in  the  fire,  and  will  not  part  with 
it,  unlefs  the  oxyd  is  combined  woth  fome  other  fub- 
ftance.  I therefore  rubbed  the  remainder  of  my  fluo- 
rated oxyd  of  lead  with  an  equal  quantity  of  charcoal 
powder,  and  diftilled  the  mixture  in  an  open  fire  In  a 
fmall  glafs  retort,  to  which  was  adapted  a receiver  con- 
taining fome  water.  As  foon  as  the  redudtion  of  the 
oxyd  of  lead  took  place,  the  neck  of  the  retort  became 
incrufted  with  a white  fublimate,  and  a filiceous  pellicle 
appeared  upon  the  water.  The  fublimate  had  a four 
tafte,  becaufe  the  filiceous  earth  of  wffiich  it  confifts  is 
penetrated  with  fluoric  acid;  and  the  acid  water  in  the 
receiver  let  fall,  on  the  addition  of  volatile  alkali,  a fili- 
ceous earthf .” 

Sorry  are  we  to  add,  that  fince  the  death  of  this  ad- 
mirable man,  to  ufe  the  words  of  Mr  KirwanJ,  a man 
as  eminent  in  the  chemical  as  Newton  in  the  mathema- 
tical branch  of  natural  philofophy,  Mr  Monnet  ^ has  ( Minerah- 
thonght  proper  to  renew  his  attacks  in  a ftyle  of  haugh-  ^^.6. 
tinefs  and  acrimony  tHat  infpires  infinite  dflguft.  The 
fallacy  of  his  reafoning  is  fufficiently  expofed  by  Mr  Le- 
onhardi.  In  the  6th  volume  of  his  late  learned  edition  455 
of  Macquer’s  Didtionary.  And  Leon- 

Fluoric  acid  may  be  obtained  in  the  form  of  gas,  by  hardi. 
applying  a moderate  heat  to  fulphuric  acid  and  fluor 
fpar,  and  receiving  the  produdt  over  mercury.  4^5  ^ 

This  gas  is  the  acid  in  a ftate  of  purity.  It  is  invi-  Its  proper--, 
fible  and  elaftic  like  air;  it  does  not  maintain  combuf-  A®*- 
tion,  nor  can  animals  breathe  it  without  death.  It  has  a 
pungent  fmell,  not  unlike  that  of  muriatic  acid. 

It  is  heavier  than  common  air.  It  corrodes  the  (kin 
almoft  inftantly.  It  combines  rapidly  with  water  ; and 
if  it  has  been  obtained  by  means  of  glafs  veffels,  it  de- 
pofits  at  the  fame  time  a quantity  of  filica. 

Water  impregnated  with  this  gas  does  not  freeze  at 
a higher  temperature  than  23°*.  * PrieJlhjy 

In  the  ftate  of  gas  this  acid  does  not  adl  upon  nitrous  “• 
gas  nor  fulphur.  Alcohol  and  ether  abforb  it,  but  it  7dk>n 
does  not  alter  their  qualitiesf . other 

It  is  capable  of  oxydating  Iron,  zinc,  copper,  and  bodies, 
arfenic.  f 

It  does  not  adl  upon  gold,  platinum,  filver,  mercury, 
lead,  tin,  antimony,  cobalt. 

It  combines  with  alkalies,  alkaline  earths,  and  alu- 
mina, and  metallic  oxyds,  and  forms  compounds  de- 
nominated finals. 

It  is  capable,  as  we  have  feen,  of  diffolving  filica, 
which  is  infoluble  in  every  other  acid  ; accordingly  it 

corrodes. 


(k)  Mr  Achard  affirmed,  that  fluor  was  compofed  of  a peculiar  volatile  earth. 
(g)  Dr  Prieftley  at  firft  advanced  this  hypothefis ; but  he  afterwards  gave  it  up. 
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Its  affinities. 


* Dr  Hope. 


Lamtjler. 


corrodes  glafs.  This  property  has  induced  feveral  inge- 
nious men  to  attempt,  by  means  of  it,  to  engrave,  or 
rather  etch,  upon  glai’s. 

The  affinities  of  fluoric  acid  are  as  follows ; 

Lime, 

Barytes, 

Strontites*, 

Magnefla, 

Potafs, 

Soda, 

Ammonia, 

Oxyd  of  zinc, 

manganefe  f , 


4 Vauque- 
lin,  Ann.  de 
Chim.  xxii. 
308. 


Alumina, 
Jargonia  X i 
Water, 
Silica, 
Alcohol. 


iron, 

lead, 

tin, 

cobalt, 

copper, 

nickel, 

arfenic, 

bifmuth, 

mercury, 

■ fllver, 

• gold, 
platinum. 


Sect.  X.  Of  Carhoiitc  Alcid. 
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Difcovery 


of  carbonic  that  air  is  extricated  from  folid  bodies  dur- 


acid 


Ca; 

i 

W 


Carbonic  acid  is  compofed  of  carbon  and  oxygen. 
According  to  Lavoifier’s  experiments,  the  proportions 
are  28  parts  of  carbon  and  72  of  oxygen.  Mr  Prouft 
informs  us,  that  there  is  alfo  a carbonous  acid  (h)  ; but 
with  this  acid  we  are  not  at  prefent  acquainted,  and 
cannot  therefore  defcribe  it. 

Paracelfus  and  Van  Helmont  were  acquainted  with 


ing  certain  procelTes,  and  the  latter  gave  to  air  thus 
produced  the  name  of  gas.  Boyle  called  thefe  kinds  of 
air  artificial  airs.,  and  fufpeded  that  they  might  be  dif- 
ferent from  the  air  of  the  atmofphere.  Hales  afcertain- 
ed  the  quantity  of  air  that  could  be  extricated  from  a 
great  variety  of  bodies,  and  fliewed  that  it  formed  an 
effential  part  of  their  compofition.  Dr  Black  proved, 
that  the  fubPcances  then  called  lime,  magnfia,  and  alka- 
lies, are  compounds,  confiding  of  a peculiar  fpecies  of 
and  pure  lime,  magnefla,  and  alkali.  Tothisfpe- 


atr. 


t Kens 
Masquer, 

art.  Air. 


cies  of  air  he  gave  the  name  of  fixed  air,  becaufe  it  ex 
ifted  in  thefe  bodies  in  a fixed  date.  This  air  or  gas 
was  afterwards  invedigated  by  Dr  Priedley,  and  a great 
number  of  its  properties  afcertained.  From  thefe  pro- 
perties Mr  Keirf  fird  concluded  that  it  was  an  acid  ; 
and  this  opinion  was  foon  confirmed  by  the  experiments 
of  Bergman,  Fontana,  &c.  Dr  Priedley  at  fird  fuf- 
peiSed  that  this  acid  entered  as  an  element  into  the  com- 


pofltion  of  atmofpherical  air ; and  Bergman  adopting 
the  fame  opinion,  gave  it  tlie  name  of  aerial  acid.  Mr 
Bewdly  called  it  mephitic  acid,  becaufe  it  could  not  be 
refpired  without  occafloning  death  ; and  this  name  was 
alfo  adopted  by  Morveau.  Mr  Keir  called  it  calcareous 
acid ; and  at  lad  Mr  Lavoifler,  after  difcovering  its  com- 
pofition, gave  it  the  name  of  carbonic  acid  gas.  ^ 

The  opinions  of  chemids  concerning  the  compofition  Th& 
of  carbonic  acid  have  undergone  as  many  revolutions  as 
its  name.  Dr  Priedley  and  Bergman  feem  at  fird  to 
have  confldered  it  as  an  element ; and  feveral  celebrated 
chemids  maintained  that  it  was  the  acidifying  principle. 
Afterwards  it  was  difcovered  that  it  was  a compound, 
and  that  oxygen  gas  was  one  of  its  component  parts. 
Upon  this  difcovery  the  prevalent  opinion  of  chemids 
was,  that  it  confided  of  oxygen  and  phlogidon  ; and 
when  hydrogen  and  phlogidon  came  (according  to  Mr 
Kirwan’s  theory)  to  fignify  the  fame  thing,  it  was  of 
courfe  maintained  fhat  carbonic  acid  was  compofed  of 
oxygen  and  hydrogen  : and  though  Mr  Lavoifler  de- 
mondrated,  that  it  was  formed  by  the  combination  of 
carbon  and  oxygen,  this  did  not  prevent  the  old  theory 
from  being  maintained  ; becaufe  carbon  was  itfelf  con- 
fldered as  a compound,  into  which  a very  great  quan- 
tity of  hydrogen  entered.  But  after  Mr  Lavoifler  had 
demondrated,  that  the  weight  of  the  carbonic  acid  pro- 
duced was  precifely  equal  to  the  carbon  and  oxygen 
employed ; after  Mr  Cavendifti  had  difcovered  that 
oxygen  and  hydrogen  when  combined  did  not  form  car- 
bonic acid,  but  water — it  was  no  longer  poffible  to  hefl- 
tate  that  this  acid  was  compofed  of  carbon  and  oxygen. 
Accordingly  all  farther  difpute  about  it  feems  now  at 
an  end.  At*any  rate,  as  we  have  already  examined  the 
objedlions  that  have  been  made  to  this  conclufion,  it 
would  be  improper  to  enter  upon  them  here. 

If  any  thing  was  dill  wanting  to  put  this  conclu-  Its  s 
fion  beyond  the  reach  of  doubt,  it  was  to  decom- 
pound carbonic  acid,  and  thus  to  exhibit  Its  component 
parts  by  analyfls  as  well  as  fynthefls.  This  has  been 
actually  done  by  the  ingenious  Mr  Tennant.  Into  a 
tube  of  glafs  he  introduced  a bit  of  phofphorus  and 
fome  carbonat  of  lime.  He  then  fealed  the  tube  her- 
metically, and  applied  heat.  Phofphat  of  lime  was 
formed,  and  a quantity  of  carbon  depoflted.  Now 
phofphat  of  lime  is  compofed  of  phofphoric  acid  and 
lime  ; and  phofphoric  acid  is  compofed  of  phofphorus 
and  oxygen.  The  fubdances  introduced  into  the  tube 
were  phofphorus,  lime  and  carbonic  acid  ; and  the  fub- 
dances found  in  it  were  phofphorus,  lime,  oxygen,  and 
carbon.  The  carbonic  acid,  therefore,  mud  have  been 
decompofed,  and  it  mud  have  confided  of  oxygen  and 
carbon.  This  experiment  was  repeated  by  Dr  Pearfon, 
who  afcertained  that  the  weight  of  the  oxygen  and  car- 
bon were  .together  equal  to  that  of  the  carbonic  acid 
which  had  been  introduced  ; and  in  order  to  Ihew  that 
it  was  the  carbonic  acid  which  had  been  decompofed,  he 
introduced  pure  lime  and  phofphorus  ; and  indead  of 
obtaining  phofphat  of  lime  and  carbon,  he  got  nothing 

but 


!"■! 


;i. 


( H ) When  there  are  two  acids  having  the  fame  bafe,  but  containing  different  quantities  of  oxygen,  they  are 
didinguifhed  by  their  termination.  The  name  of  that  which  contains  mod  oxygen  ends  in  ic,  the  other  in  ous. 
Thus  fulphuric  and  fulphurdus  acids,  nitric  and  nitrous,  phofphoric  and  phofphorous,  carbonic  and  carbonous. 
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but  phofphuret  of  lime.  Thefe  experiments  were  alfo 
confirmed  by  Mefffs  Fourcroy,  Vauquelin,  Sylveftre, 
and  Broigniart(  r )f . 

Carbonic  acid  may  be  obtained  by  pouring  fulphuric 
acid  upon  chalk,  and  receiving  the  produft  in  a pneu- 
matic apparatus. 

It  is  invifible  and  elafHc  like  common  air.  It  extin- 
guilhes  a candle,  and  is  unfit  for  refpiration.  It  has  no 
fmell. 

Its  fpecific  gravity  is  o,ooi8:jl;  but  this  varies  ac- 
cording to  its  drynef's  or  rooifture. 

It  reddens  the  tinclure  of  turnfoil,  but  no  other  ve- 
getable colour*. 

Atmofpheric  air  contains  about  part  of  this 
gas(K). 

Water  abforbs  it  by  agitation,  or  by  allowing  it  to 
remain  long  in  contaft  with  it.  At  the  temperature  of 
41°  water  abler bs  its  own  bulk  of  this  gas.  The  fpe- 
cific gravity  of  water  faturated  with  it  is  1,0015.  This 
water  at  the  temperature  of  35®,  has  little  tafte  ; but  if  it 
be  left  a few  hours  in  the  temperature  of  88®,  it  affumes 
an  agreeable  acidity,  and  a fparkling  appearancef . 

Ice  abforbs  no  carbonic  acid  ; and  if  water  contain- 
ing it  be  frozen,  the  whole  feparates  in  the  a6i  of  free- 
zingj:_. 

This  gas  alfo  feparates  from  water  at  the  boiling 
temperature  |j . 

Alcohol  and  oil  of  turpentine  abforb  double  their 
weight  of  this  gas;  olive  oil  its  own  bulk.  Ether 
mixes  with  it  in  the  ftate  of  gas^. 

Phofphorus  fuflfers  no  change  in  this  gas  except  it 
contains  a mixture  of  oxygen  gas<[[.  It  has  an  affinity 
for  common  air.  Bergman  left  a bottle  of  it  uncorked, 
and  found  that  in  a few  days  it  contained  nothing  but 
common  air.  Common  air,  indeed,  has  fo  ftrong  an 
affinity  for  this  gas,  that  it  attrads  it  from  water,  as  Mr 
Welter  has  obferved*. 

It  is  abforbed  by  red  hot  charcoal,  as  Morozzo  and 
La  Metherie  have  ihewn. 

It  is  capable  of  combining  with  alkalies,  alkaline 
earths,  and  alumina,  and  feveral  metallic  oxyds,  and  of 
forming  compounds  known  by  the  name  of  carhonats. 
It  has  no  affinity  for  jargonia,  according  to  Klraproth*; 
but  according  to  Vauquelin,  it  hasf . 

Its  affinities,  as  arranged  by  Bergman,  are  as  follows  : 
Barytes, 

Lime, 

StrontilesJ, 

PotaCs, 

Soda, 

Magnefia, 

Alumina, 

Metallic  oxyds,  as  in  fulphuric  acidy 
Oxygen  gasjl. 

Water, 

Alcohol. 
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Sect.  XI.  Of  Acetous  Acid. 

Acetous  acid  or  vinegar  was  known  many  ages  be- 
fore the  difeovery  of  any  other  acid,  thdfe  only  excepted 
which  exifi;  ready  formed  in  vegetables.  Itismention- 
-ed  by  Mofes,  and  indeed  feems  to  have  been  in  com- 
mon ufe  among  the  Ifraelites  and  other  eaftern  nations 
at  a very  early  period. 

The  methods  of  procuring,  purifying  and  concen- 
trating this  acid  have  been  already  given  in  the  articles 
Chemistry,  Fermentation,  and  Vinegar  (Encycl.) 
and  cannot  therefore  he  repeated  in  this  place. 

It  has  been  afeertained  beyond  a doubt,  that  this 
acid  is  compofed  of  carbon,  hydrogen,  and  oxygen ; 
but  neither  the  manner  in  wffiich  thefe  fubftances  are 
combined,  nor  their  proportions,  have  been  accurately 
afeertained. 

Acetous  acid,  as  commonly  prepared,  is  very  fluid,  Lowitz’s 
has  a pleafant  fmell  and  an  acid  tafte.  It  reddens  ve-  'method  of 
getable  colours.  In  this  ftate  it  is  mixed  with  a great 
proportion  of  w'ater  ; but  Mr  Lowitz  of  Peterfburg  has 
difeovered  that  it  may  be  obtained  in  a folid  cryftallized 
form.  Of  this  curious  and  inftruflive  procefs  we  lhall 
tranferibe  his  own  account*.  * CreWs 

“ I have  long  been  accuftomed  (fays  he)  to  prepare  Journal, 
concentrated  vinegar  by  congelation  in  the  following  ^"2^* 
manner:  I freeze  a whole  barrel  of  vinegar  as  much  as  ^ 
poffible,  then  diftil  the  remaining  unfrozen  vinegar  in  a 
water-bath  ; by  which  means  I at  firft  efpecially  colledl 
the  fpirituous  etherial  part  ; the  vinegar,  which  next 
comes  over,  I freeze  again  as  much  as  poffible,  and  after- 
wards purify  it  by  diftilling  it  again  with  three  or  four 
pounds  of  charcoal  powder.  Thus  I never  fail  to  get  a 
very  pure  fweet-fmelling,  highly  concentrated  vinegar 
the  agreeable  odour  of  which,  however,  may  be  ftill 
further  improved  by  the  addition  of  a proper  quantity  of 
the  etherial  liquor  collected  at  the  beginning  of  the  firft 
diftillation,  but  which  muft  be  previoufly  dephleg- 
mated  by  two  or  three  rectifications. 

“ After  the  diftillation  in  the  water-bath  was  over, 
that  no  vinegar  might  be  loft,  I ufed  to  move  the  retort, 
with  the  charcoal  powder  which  remained  in  it,  to  a 
fand-bath  ; and  thus  I obtained  by  means  of  a ftrong 
fire,  a few  ounces  more  of  a remarkably  concentrated 
vinegar,  w'hich  was  ot  a yellow  colour. 

“ Having  collected  about  ten  ounces  of  this  concen- 
trated vinegar,  I expofed  it  laft  winter  in  the  month  oF 
December  to  a cold  equal  to  — 22°  ; in  which  fituation 
it  Ihot  into  cryftals  from  every  part.  I let  what  re- 
mained fluid  drop  away  from  the  cryftals  into  a bafon 
placed  underneath,  firft  in  the  cold  air,  and  afterwards 
at  the  window  within  doors.  There  remained  in  the- 
bottle  fnow-white  finely  foliated  cryftals,  clofely  accu- 
mulated one  upon  the  other,  and  which  I at  firft  took 
to  be  nothing  but  ice.  On  placing  them  upon  the  warm 
ftove,  theyffiflblved  into  a fluid  which  was  perfectly  as 

limpid 


Acetous 

Acid. 
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(i)  Count  Mouffin-Poufehin  having  boiled  a folution  of  carbonat  of  potafs  on  purified  phofphorus,  obtained 
carbon.  This  he  confidered  as  an  inftance  of  the  decompofition  of  carbonic  acid,  and  as  a con.firmation  of  the 
experiments  related  in  the  text.  See  Ann.  de  Chim.  xxv.  105. 

(k)  At  leaft  near  the  furface  of  the  earth.  Lamanon,  Monges,  and  the  other  unfortunate  philofophers  who 
accompanied  La  Peyroufe  in  his  laft  voyage,  have  rendered  it  not  improbable  that  at  great  heights  the  quantity 
of  this  gas  is  much  fmaller.  They  could  deteCl  none  in  the  atmofphere  at  the  fummitof  the  Peak  of  Teneriffie 
See  Lamanods  Memoir  at  the  end  of  La  Peroufe’s  Voyage*. 
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limpid  as  water,  had  an  uncommonly  ftrong,  highly 
pungenr,  and  almolt  fnffocating  acetous  i'mell,  and  in 
the  temperatuie  of — 37°  immediately  congealed  into 
a folid  while  cryflallized  mafs,  refem.bling  camphor, 

“ Alter  1 had  obferved  that  viii£gar  in  this  ftate  is  of 
fuch  an  extraordinary  Rrength  and  purity  as  to  be  in  its 
higheli:  degree  of  perfeflion,  I took  all  poffible  pains  to 
lind  out  a method  of  obtaining  all  the  acetous  acid  in 
the  (late  of  glacial  vinegar. 

“To  avoid  circumlocution,  I (hall  denote  the  Rrength 
of  each  fort  of  vinegar  which  it  w'as  necelTary  for  me 
to  know  in  my  experiments,  by  degrees,  which  I afcer- 
tain  in  the  following  manner  : viz.  to  one  drachm  of 
vinegar  I add,  drop  by  drop,  a clear  fohuion  of  equal 
parts  of  carbonat  of  potafs  and  water,  till  all  at  once  a 
cloudinefs  or  precipitation  appears.  Although,  on  the 
appearance  of  this  fign,  the  acid  is  already  fuperfatu- 
rated  with  the  alkali,  yet  it  feem.s  to  me  to  be  a more 
accurate  left  for  afcertainlng  its  Rrength  than  the  cefl'a- 
tion  of  efiervefcence  ; for  as  the  point  of  faturation  ap- 
proaches, the  effervefcence  becomes  fo  imperceptible, 
that  it  is  almoft  impoffible  to  determine  w'ith  precifion 
when  it  is  really  at  an  end.  Now,  every  five  drops  of 
the  alkaline  folution,  which  I find  it  necdfary  to  add  to 
the  vinegar  till  the  precipitation  takes  place,  I reckon 
as  one  degree.  Thus,  for  example,  if  a determinate 
quantity  of  vinegar  requires  25  drops  for  that  effedt,  I 
denote  its  ftrength  by  five  degrees.  This  is  about  the 
Rrength  of  good  diftilled  vinegar. 

“ I call  that  vinegar  w'hich,  in  confequence  of  its 
concentration,  is  capable  of  cryftallizing  in  a great  de- 
gree of  co\A,  cryj} all tzable  vinegar  ; the  cryftals  of  vine- 
gar, feparated  after  the  cryftallization  is  completed  from 
the  remaining  fluid  portion,  I call  glacial  vinegar  ; and, 
laftly,  to  the  fluid  refiduum  I give  the  name  of  mother- 
ley  of  vinegar. 

“ From  a great  number  of  experiments,  I have  found 
that  vinegar  muft  have  at  leaft  24  degrees  of  concentra- 
tion before  it  can  be  brought  to  cryftallize  by  expofure 
to  the  moft  intenfe  cold.  Vinegar  muft  be  of  the  ftrength 
of  42  degrees  at  leaft  in  order  to  become  glacial  vine- 
gar ; viz.  in  this  ftate  of  concentration  It  has  the  pro- 
perty of  cryftallizing  In  a degree  of  cold  not  exceeding 
that  in  which  water  begins  to  freeze. 

I have  found  that  charcoal,  on  being  diftilled  with 
vinegar  In  a water  bath,  poflelTes  the  Angular  and  hi- 
therto unknown  property  of  imbibing  a certain  quan- 
tity of  the  acetous  acid  in  a very  concentrated  ftate,  and 
of  retaining  it  fo  ftrongly,  that  the  acid  cannot  be  fe- 
parated from  it  again,  but  by  the  application  of  a con- 
fiderably  greater  degree  of  heat  than  that  of  boiling 
water.  Upon  this  circumftance  is  founded  the  new 
method  which  I have,difcovered  of  concentrating  vine- 
gar, fo  as  to  obtain  all  its  acid  in  the  pureft  Rate,  viz. 
that  of  a glacial  vinegar. 

“ Let  a barrel  of  vinegar  be  concentrated  by  freezing 
in  the  manner  above  defcribed,  and  let  the  concentrated 
vinegar  thus  obtained,  free  from  all  inflammable  or  fpi- 
rituous  parts,  be  put  into  two  retorts ; Add  to  each  of 
them  five  pounds  of  good  charcoal  reduced  to  a fine 
powder,  and  fubjed  them  to  diRillatlon  In  a water  bath. 
When  no  more  drops  of  vinegar  come  over,  put  the 
diRilled  liquor  into  two  frefli  retorts ; and  after  adding 
five  pounds  of  charcoal  powder  to  each,  proceed  as  be- 
fore to  the  diRillatlon  in  a water  bath.  In  the  mean 
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while,  the  two  fii  R retorts  are  to  be  placed  in  a fand-  Ac 
bath,  that  by  means  of  a brillc  fire,  the  cryftallizable 
vinegar,  which  is  retained  in  the  apparently  dry  char- 
coal  powder,  may  be  expelled  from  it.  The  heat  muR 
be  Rrong  enough  to  make  the  drops  follow  one  another 
every  two  feconds;  and  w’hen,  in  this  degree  of  heat, 

20  feconds  intervene  between  each  drop,  the  vinegar 
which  has  been  collected  muR  be  removed  ; for  what 
follows,  is  hardly  any  thing  elfe  but  mere  water.  In 
this  manner  about  fix  ounces  and  a half  of  cryRallizable 
vinegar,  vvhich  Is  generally  of  the  Rrength  of  between 
36  and  40  degrees,  may  be  collected  from  each  retort. 

As  foon  as  the  diftillation  by  the  water  bath  in  the  two 
retorts  is  over,  the  diftilled  liquor  is  to  be  poured  back 
again  into  the  firft  retorts  upon  the  charcoal  powder, 
which  remains  in  them,  and  which  has  been  already 
tiled  ; and  from  each  of  thefe  retorts  tire  remaining 
cryftallizable  vinegar  (which  generally  amounts  to  as 
much  as  the  firft  quantity)  is  to  be  abftracfted  by  diftil- 
lation  in  a fand  bath.  Thefe  operations  may  be  alter- 
nately repeated  till  all  the  acid  ot  the  vinegar  which  had 
been  concentrated  by  freezing  is  converted  into  cryf- 
tallizable vinegar  ; or  until  the  diftilled  liquor,  con- 
ftantly  becoming  weaker  and  vt^eaker  at  every  repeti- 
tion of  the  diftlllatlon,  comes  over  at  length  in  the  ftate 
of  mere  water,  which,  with  the  above  mentioned  quan- 
tity of  charcoal  powder,  generally  happens  at  the  fourth 
or  fifth  diftillation.  Now,  in  order  to  obtain  the  great- 
eft  part  of  the  pure  acid  contained  in  the  cryftallizable 
vinegar  in  the  form  of  glacial  vinegar,  it  muft  be  fet  to 
cryftallize  in  a great  degree  of  cold  ; and  the  mother- 
ley  muft  be  afterwards  thoroughly  drained  from  the 
glacial  vinegar,  by  letting  it  drop  from  the  cryftals,  firft 
in  the  cold,  and  then  in  the  room  before  the  window. 
The  mother-ley  may  be  rendered  further  cryftallizable, 
by  diftilHng  it  with  a little  charcoal  powder  ; the  weak- 
er part,  which  comes  over  firft,  being  put  afide.  But 
if  a perfon  wifties  to  keep  the  cryftallizable  vinegar  for 
other  purpofes,  aad  without  feparating  any  glacial  vine- 
gar from  it,  he  muft  diftil  the  whole  of  it  again  with 
charcoal  powder  in  a fand-bath. 

“ I have  found  by  accurate  experiments,  that,  by 
means  of  this  curious  procefs,  ten  pounds  of  vinegar 
concentrated  by  freezing  to  the  90th  degree,  may  be 
made  to  yield  38  ounces  of  cryftallizable  vinegar,  from 
which  20  ounces  of  glacial  vinegar  may  be  obtained. 

“ What  conftitutes  the  excellence  of  this  method  is, 
that  the  concentration  and  purification  are  effedled  by 
one  and  the  fame  medium,  viz.  the  charcoal  powder  ; 
in  confequence  of  which,  both  intentions  are  fulfilled 
at  the  fame  time. 

“ Laft  year,  after  much  reflexion,  I was  fo  happy 
as  to  find  out  another  very  effedual  method  of  fepara- 
ting the  acetous  acid  from  the  other  fubftances  com- 
bined with  it,  fo  as  to  obtain  it  at  once  in  the  ftate  of  a 
glacial  vinegar  of  the  greateft  poffible  ftrength.  The 
feparating  medium  which  I thought  of  is  fulphat  of 
potafs  fuperfaturated  wftth  fulphuric  acid  ; a fait  in 
which,  conformably  to  my  purpofe,  the  fulphuric  acid 
exifts  in  a perfedUy  dry  and  dephlegmated  ftate. 

“ By  means  of  this  fait  a highly  concentrated  gla- 
cial vinegar  may  be  obtained  in  the  following  manner  : 

“ Let  three  parts  of  acetated  foda,  prepared  with  vi- 
negar diftilled  over  charcoal,  and  evaporated  to  perfedl 
drynefs,  be  melted  in  a ftrong  heat ; then  pour  it  out, 

and 


II. 

|u. 

r* 

V 


, 466 
>:ion  of 
atous  a- 
<|on 
rier  bo- 


467  _ 
affinities. 


« » . 


fivoifitr, 
*^uaquelin, 
/ • tie 
in.  xxii. 

3. 


C H E M 

and  rub  it  to  a very  fine  powder.  Mix  this  powder 
very  accurately  with  eight  parts  of  fuperfaturated  ful- 
phat  of  potafs  that  has  been  previoufly  well  dried,  and 
in  like  manner  reduced  to  a fine  powder  ; put  the  whole 
into  a retort,  and  diftil  with  a gentle  heat,  in  fuch 
manner,  that  along  w'ith  the  drops  fome  vapours  alfo 
may  be  perceived  to  come  out  of  the  neck  of  the  re- 
tort ; but  by  no  means  fo  that  the  receiver  fliall  be  fill- 
ed with  thefe  vapours.  Notwithftanding  the  moderate 
heat,  the  vinegar  comes  over  very  faft,  and  the  quantity 
of  glacial  vinegar,  of  the  ftrength  of  54  degrees,  which 
is  thus  obtained,  amounts  to  nearly  two  parts.” 

Acetous  acid  is  capable  of  oxydating  iron,  zinc, 
lead,  nickel,  tin,  copper. 

It  does  not  afl  upon  gold,  filver,  platinum,  mercury, 
blfmutb,  cobalt,  antimony,  arfenic. 

It  combines  with  alkalies,  alkaline  earths,  and  alumi- 
na, and  metallic  oxyds,  and  forms  compounds  known 
by  the  name  of  acetites. 

Its  affinities  are  as  follows  : 

Barytes, 

Potafs, 

Soda, 

Strontites  ? 

Lime, 

Magnefia, 

Ammonia, 

Oxyd  of  zinc, 

manganefc, 

• iron, 

lead, 

tin, 

■  cobalt, 

copper, 

nickel, 

arfenic, 

bifrnuth, 

■  mercury, 

antimony, 

filver, 

gold, 

— platinum, 

Alum  na  f, 

Jargonia  i* 

Water, 

Alcohol. 

Sect.  XII.  0/  Acetic  Acid. 

If  acetite  of  copper  be  diftilled,  an  acid  comes  over 
of  a more  pungent  imell  than  acetous  acid,  capable  of 
cryflallizing,  and  having  a Itronger  affinity  for  other 
bodies  than  acetous  acid  It  is  called  acetic  acid,  and  is 
fuppoled  to  contain  a larg'er  proportion  of  oxygen  than 
acetous  acid.  This  additional  dofe  it  is  fuppofed  to  re- 
ceive from  the  oxyd  of  copper,  which  during  the  pro- 
cefs  is  reduced  to  the  metallic  Rate.  It  can  hardly  be 
doubted  that  the  glacial  vinegar  of  Lowitz,  deferibed  in 
the  preceding  feftion,  is  really  acetic  acid,  though  it 
would  perhaps  be  difficult  to  explain  its  formation.  Its 
affinities  are  the  fame  with  thofe  of  the  acetous  acid. 

Sect.  XIII.  Of  Oxalic  Acid. 

Sugar,  a well-known  fubftance  extradted  from  the 
fugar-cane,  appears  to  have  been  ufed  in  the  Eaft  at  a 
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very  early  period  ; but  it  made  its  way  weftward  very 
flowly.  As  a medicine,  it  is  mentioned  by  Diofeorides  ; 
but  it  was  not  in  common  ufe  in  Europe  till  after  the 
14th  century.  463 

It  has  been  proved  thatfngar  Is  compofed  of  oxygen,  Compoll- 
carbon,  and  hydrogen.  Lavoifier  concluded,  from  a h*" 

long  feries  of  delicate  experiments,  that  it  confifls  of  8 
parts  of  hydrogen,  64  of  oxygen,  and  28  of  carbon.  46^ 

From  fugar,  by  a particular  procefs,  an  acid  has  been  Difeovery 
obtained  called  oxalic  acid,  becaufe  it  exifls  ready  form-  of  oxalic 
ed,  as  Scheele  has  proved,  in  the  oxalh  acetcfella,  or 
wood  forrel.  At  firft,  however,  it  was  called  the  acid 
of  figar,  or  the  faccharine  acid. 

As  the  earlieft  and  beft  account  of  the  oxalic  acid 
was  publifhed  by  Bergman,  he  was  for  a long  time 
reckoned  the  difeoverer  of  it  ; but  Mr  Ehrhart,  one  of 
Scheele’s  intimate  friends,  informs  us,  that  the  world  is 
indebted  for  its  knowledge  of  this  acid  to  that  illuftrious 
chemlll,*  and  Kermftadt  and  Weftrum  affign  the  dif-  * El-werts 
covery  to  the  fame  author +.  The  afiertions  of  thefe  Magazine 
gentlemen,  who  had  the  beft  opportunity  of  obta'ning/®''.-^/'’^^'^* 
accurate  information,  are  certainly  fufficient  to  eftabliffi 
the  fadl,  that  Scheele  was  the  real  difeoverer  of  oxalic  | jrfd 
acid.  DiSlionary. 

Bergman  gives  us  the  following  procefs  for  obtaining  47o 
this  acid.  “ Put  one  ounce  of  white  fugar  powdered  Method  of 
into  a tubulated  retort,  with  three  ounces  of  ftrong  ni-  pt’oeunno; 
trie  acid,  the  fpecific  gravity  of  which  is  to  that  of 
water  as  1,567.  When  the  folution  is  over,  during 
which  many  fumes  of  the  nitrous  acid  efcape,  let  a re- 
ceiver be  fitted,  and  the  liquor  made  to  boil,  by  which 
abundance  of  nitrous  gas  is  expelled.  When  the  liquor 
in  the  retort  acquires  a reddifti  brown  colour,  add  three 
ounces  more  of  nitric  acid,  and  continue  the  boil- 
ing till  the  fumes  ceafe,  and  the  colour  of  the  liquor 
vaniflies.  Then  let  the  contents  of  the  retort  be  emp- 
tied  into  a wide  vefiel ; and,  upon  cooling,  a cryftalli- 
zation  will  take  place  of  flender,  quadrilateral  prifms, 
which  are  often  affixed  to  each  other  at  an  angle  of  45°. 

Thefe  cryftals,  colle<5ted  and  dried  on  blotting  paper, 
will  be  found  to  weigh  i A dr.  19  gr.  By  boiling  the 
remaining  lixivium  with  two  ounces  of  nitric  acid  in 
the  retort,  till  the  red  fumes  almoft  difappear,  and  by 
repeating  the  cryftallization  as  before,  4r  dr.  13  gr.  of 
folid  acid  will  be  obtained.  If  the  procefs  be  repeated 
once  more  upqg  the  refiduum,  which  has  now  a gluti- 
nous confiftence,  with  the  fucceffive  additions  of  fmall 
quantities  of  nitric  acid,  amounting  In  all  to  two  oun- 
ces, a faline  brown  deliquefeent  mafs  will  be  formed, 
weighing  half  a dram,  of  which  about  a half  will  be 
loft  by  a farther  purification.  The  cryftals  obtained 
thus  at  different  times  may  be  purified  by  folution  and 
cryftallization,  and  by  digefting  the  laft  lixivium  with 
fome  nitric  acid,  and  evaporation  with  the  heat  of  the 
fun.” 

By  the  fame  procefs  Bergman  obtained  It  from  gum 
arable,  alcohol,  and  honey  ; Scheele,  Hermftadt,  Wef- 
trum, Hoffman,  &c.  from  a great  variety  of  other  ve- 
getable produ(ftions  ; and  Berthollet  from  a great  num- 
ber of  animal  fubftances. 

It  is  of  great  confequence  not  to  ufe  too  much  nitric 
acid,  otherwife  the  quantity  of  oxalic  acid  will  be  dlmi- 
nifhed  ; and  if  a very  great  quantity  of  nitric  acid  be 
ufed,  no  oxalic  acid  will  be  obtained  at  all  * On  the 
contrary,  if  too  fmall  a quantity  of  nitric  acid  be  ufed, 
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the  acid  obtained  will  not  be  the  oxalic,  but  the  tar ta- 
rous  f.  We  think  we  have  obferved,  that  a confidera- 
bly  larger  proportion  of  oxalic  acid  may  be  obtained 
by  pouring  nitric  acid  on  fugar,  and  allowing  thefe 
fubftances  to  aft  upon  each  other  while  cold.  When 
the  procefs  is  conduced  in  that  manner,  hardly  any 
thing  feparates  but  nitrous  gas. 

Oxalic  acid  is  capable  of  cryftallization,  or  rather  it 
Is  generally  obtained  in  that  ftate.  Its  cryftals  are  qua- 
drilateral prifms,  the  ends  of  which  often  terminate  in 
ridges 

They  are  foluble  In  their  own  weight  of  boiling  wa- 
ter : water  at  the  temperature  of  65,7°  difiblves  half  its 
weight  of  them.  The  fpecific  gravity  of  the  folirtion 
is  1,0593  il-  hundred  parts  of  boiling  alcohol  dif- 

folves  56  parts  of  thefe  cryftals  ; but  at  a mean  tempe- 
rature only  40  parts  They  are  not  eafily  foluble  in 
ether.  Fixed  and  volatile  oils  dilfolve  them,  and  they 
may  be  again  obtained  by  gentle  evaporation.  Too 
violent  a heat  would  fublime  the  acid  itfelf. 

Oxalic  acid  has  a very  acrid  tafte  when  it  is  concen- 
trated, but  a very  agreeable  acid  tafle  when  fufficiently 
diluted  with  watery. 

It  changes  all  vegetable  blues  except  indigo  to  a red. 
One  grain  of  cryftallized  acid,  diffolved  in  1920  grains 
of  water,  reddens  the  blue  paper  with  wnich  fugar 
loaves  are  wrapt : one  grain  of  it,  diffolved  in  3600  gr. 
of  water,  reddens  paper  ftained  with  turnfole.*  Ac- 
cording to  Morveau,  one  part  of  the  cryftallized  acid 
is  fufficient  to  communicate  a fenfible  acidity  to  2633 
parts  of  water  -]■. 

Its  fixity  is  fuch,  that  none  of  it  is  fublimed  when 
water  containing  it  in  folution  is  raifed  to  the  boiling 
temperature. 

When  this  cryftallized  acid  is  expofed  to  heat  In  an 
open  veffel,  there  arifes  a fmoke  from  it,  W'hich  affefts 
difagreeably  the  nofe  and  lungs.  The  reftduum  is  a 
powder  of  a much  whiter  colour  than  the  acid  had 
been.  By  this  procefs  it  lofes  T^ths  of  its  weight ; but 
foon  recovers  them  again  on  expofure  to  the  air. 
When  diftilled,  it  firft  lofes  its  water  of  cryftallization, 
then  liquiSes  and  becomes  brown  ; a little  phlegm  paffes 
over,  a white  faline  cruft  fublimes,  fome  part  of  which 
paffes  into  the  receiver ; but  the  greateft  part  of  the 
acid  is  deftroyed,  leaving  in  the  retort  a mafs  -j^th  of 
the  whole,  which  has  an  empyreumatic  fmell,  blackens 
fulphuric  acid,  renders  nitric  acid  yellow,  and  diffolves 
in  muriatic  acid  without  alteration.  That  part  of  the 
acid  w'hich  fublimes  is  unaltered.  When  this  acid  is 
diftilled  a fecond  time,  it  gives  out  a white  fmoke,  which, 
condeniing  in  the  receiver,  produces  a colourlefs  uncry- 
ftallizable  acid,  and  a dark  coloured  matter  remains  be- 
, hind.*  During  all  this  diftillation  a vaft  quantity  of 
elaftic  vapour  makes  its  efcape.  From  279  grains  of 
oxalic  acid,  Bergman  obtained  109  cubic  inches  of  gas, 
half  of  which  was  carbonic  acid  and  half  hydrogen. 
Fontana  from  an  ounce  of  it  obtained  430  cubic  inches 
of  gas,  one-third  of  which  was  carbonic  acid,  the  reft 
hydrogen.  From  thefe  faffs.  It  is  evident  that  oxalic 
acid  is  compofed  of  oxygen,  hydrogen,  and  carbon ; 
but  the  proportions  are  ftill  unknown. 

When  nitric  acid  is  frequently  diftilled  off  oxalic 
. acid,  acetous  acid  is  produced.*  The  fulphuric  acid, 
when  concentrated,  feeras  to  produce  the  fame  effeft. 


Muriatic  and  acetous  acids  diffolve  oxalic  acid,  but 
without  altering  itf. 

Oxalic  acid  is  capable  of  oxydating  lead,  copper,  iron, 
tin,  bifmuth,  nickel,  cobalt,  zinc,  manganefe. 

It  does  not  afl  upon  gold,  filver,  platinum,  mercury, 
arfenic  ? 

Oxalic  acid  combines  with  alkalies,  alkaline  earths, 
and  alumina,  and  metallic  oxyds,  and  forms  falts  known 
by  the  name  of  oxalats. 

Its  affinities,  according  to  Bergman,  are  as  fol- 
lows : 

Lime, 

Barytes, 

Strontites 

Magnefia, 

Potafs, 

Soda, 

Ammonia, 

Alumina, 

Jargonia  \\i  ^ - 

Metallic  oxyds  as  in  fulphuric  acid, 
Water, 

Alcohol, 

Sect.  XIV.  Of  Tartarous  Acid. 

Tartar,  or  cream  of  tartar  ns  it  is  commonly  called 
when  pure,  has  occupied  the  attention  of  chemifts  for 
feveral  centuries.  Duhamel  and  Grofle,  and  after  them 
Margraf  and  Rouelle  the  Younger,  proved,  that  it  was 
compofed  of  an  acid  united  to  potafs  ; butScheele  was 
the  firft  who  obtained  this  acid  in  a feparate  ftate.  He 
communicated  his  procefs  for  obtaining  it  to  Retzius, 
who  publiflied  it  in  the  Stockholm  Tranfaffions  for 
1770.  It  confifted  in  boiling  tartar  with  lime,  and 
in  decompofing  the  tartrite  of  lime  thus  formed  by 
means  of  fulphuric  acid. 

This  acid,  by  a gentle  evaporation,  yields  cryftals  fo 
Irregular  in  their,  figure,  that  every  chemift  who  has 
treated  of  this  fubjeft  has  given  a different  defcription 
of  them.  According  to  Bergman,  they  generally  con- 
fift  of  divaricating  lamellae;*  according  to  Van  Pack- 
en,  they  affume  ofteneft  the  form  of  long  pointed 
prifms  f ; Splelman  and  Corvinus  obtained  them  in 
groupes,  fome  of  them  lance-fhaped,  others  needle  form- 
ed, others  pyramidal.  Morveau  obtained  them  needle- 
form  §.  They  do  not  experience  any  change  in  the  air; 
heat  decompofes  them.  In  the  open  fire  they  burn 
without  leaving  any  other  refiduum  than  a coal,  which 
generally  contains  a little  limelj.  In  clofe  veflels,  the 
produdf  is  carbonic  acid  and  hydrogen  gas^.  If  the 
proper  quantity  of  nitric  acid  be  diftilled  off  the  cryftals, 
they  are  converted  into  oxalic  acid,  and  the  nitric  acid, 
as  ufual,  paffes  into  the  nitrous  acid.*  Hence  it  is  evi- 
dent that  tartarous  acid  alfo,  like  the  four  former,  is 
compofed  of  oxygen,  hydrogen,  and  carbon ; but  the 
proportions  are  equally  unafcertained. 

This  acid,  when  in  cryftals,  diffolves  readily  in  wa- 
ter. Bergman  obtained  a folution,  the  fpecific  gravity 
of  which  was  i,2  3of.  Morveau  obferved,  however, 
that  cryftals  formed  fpontaneoufly  in  a folution,  the 
fpecific  gravity  of  which  was  1,084. 

It  has  a very  ftiarp  acid  tafte,  and  reddens  vegetable 
bluesi. 
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Of  Malic  Acid. 

ScHEELE  difcovered  a peculiar  acid  in  the  juices  of 
feveral  fruits,  which,  becaufe  it  is  found  moft  abund- 
antly in  apples,  has  been  called  malic  acid. 

He  obtained  it  by  the  following  procefs.  Saturate 
the  juice  of  apples  with  potafs,  and  add  to  the  folution 
acetite  of  lead  till  no  more  precipitation  enfues.  Walh 
the  precipitate  carefully  with  a fufficient  quantity  of 
water  ; then  pour  upon  it  diluted  fulphuric  acid  till  the 
mixture  has  a perfectly  acid  tafte,  without  any  of  that 
fweetnefs  which  is  perceptible  as  long  as  any  lead  re- 
mains diffolved  in  it ; then  feparate  the  fulphat  of  lead, 
which  has  precipitated,  by  filtration,  and  there  remains 
behind  pure  malic  acid*. 

This  acid  is  contained  in  the  berries  of  the  larlens 
vulgaris,  the  famlucus  nigra,  the  primus  fpinofa,  the 
forbus  aucuparia,  and  the  prunus  domefica\ , 

If  nitric  acid  be  diftilled  with  an  equal  quantity  of 
fugar,  till  the  mixture  alTumes  a brown  colour  (which 
is  a fign  that  all  the  nitric  acid  has  been  abftrafted  from 
it),  this  fubftance  will  be  found  of  an  acid  tafte;  and 
after  all  the  oxalic  acid  which  may  have  been  formed 
is  feparated  by  lime-water,  there  remains  another  acid, 
which  may  be  obtained  by  the  following  procefs : Sa- 
turate it  with  lime,  and  filter  the  folution  ; then  pour 
upon  it  a quantity  of  alcohol,  and  coagulation  takes 
place.  This  coagulum  is  the  acid  combined  with 
lime.  Separate  it  by  filtration,  and  edulcorate  it  with 
frelh  alcohol ; then  diflolve  it  in  diftilled  water,  and 
pour  in  acetite  of  lead  till  no  more  precipitation  enfues. 
The  precipitate  is  tlie  acid  combined  with  lead,  from 
which  it  may  be  feparated  by  diluted  fulphuric  acid. 
It  polTefles  all  the  properties  of  malic  acidj;.  This 
acid,  therefore,  may  be  obtained  from  fugjar;  and  it 
may  be  converted  into  oxalic  acid,  by  diftilling  off  it  the 
proper  quantity  of  nitric  acid^. 

Pb-jf.  Chem,  This  acid  beans  a ftrong  refemblance  to  the  citric,  but 
differs  from  it  in  the  following  particulars : 

1.  The  citric  acid  flroots  into  fine  cryftals,  but  this 
acid  does  not  cryftallize. 

2.  The  fait  formed  from  the  citric  acid  with  lime  is 
alraoft  infoluble  in  boiling  water  ; whereas  the  fait  made 
with  malic  acid  and  the  fame  bafis  is  readily  foluble 
by  boiling  water. 

3.  Malic  acid  precipitates  mercury,  lead,  and  fil- 
ver,  from  the  nitrous  acid,  and  alfo  the  folution  of  gold 
when  diluted  with  water ; whereas  citric  acid  does  not 
alter  any  of  thefe  folutions. 

4.  Malic  acid  feems  to  have  a lefs  affinity  than  ci- 
tric acid  for  lime  ; for  when  a folution  of  lime  in  the 
former  acid  is  boiled  one  minute  with  a fait  formed 
from  volatile  alkali  and  citric  acid,  a decompofition 
takes  place,  and  the  latter  acid  combines  with  the  lime 
and  is  precipitated. 

The  malic  acid  combines  with  alkalies,  alkaline 
earths,  and  alumina,  and  metallic  oxyds,  and  forms 
falts  known  by  the  name  of  malats. 

Its  affinities  have  not  yet  been  afcertained. 

Sect.  XVII.  Of  Labile  Acid. 

If  milk  be  kept  for  fome  time  it  becomes  fgnr.  The 
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acid  which  then  appears  in  it  was  firft;  examined  by 
Scheele,  and  found  by  him  to  have  peculiar  properties. 
It  is  called  labile  acid.  In  the  whey  of  milk  this  acid  is 
mixed  with  a little  curd,  fome  phofphat  of  lime,  fugar 
of  milk,  and  mucilage.  All  thefe  muft  be  feparated 
before  the  acid  can  be  examined.  Scheele  accomplifhed 
this  by  the  following  procefs : 

Evaporate  a quantity  of  four  whey  to  an  eighth  part, 
and  then  filtrate  it : this  feparates  the  cheefy  part.  Sa- 
turate the  liquid  with  lime-water,  and  the  phofphat  of 
lime  precipitates.  Filtrate  again,  and  dilute  the  liquid 
with  three  times  its  own  bulk  of  water  ; then  let  fall  in- 
to it  oxalic  acid,  drop  by  drop,  to  precipitate  the  lime 
which  it  has  diifolved  from  the  lime-water ; then  add 
a very  fmall  quantity  of  lime  water,  to  fee  whether  too 
much  oxalic  acid  has  been  added.  If  there  has,  oxalat 
of  lime  immediately  precipitates.  Evaporate  the  folu- 
tion to  the  confidence  of  honey,  pour  in  a fufficient 
quantity  of  alcohol,  and  filtrate  again  ; the  acid  pafles 
through  diifolved  in  the  alcohol,  but  the  fugar  of  milk 
and  every  other  fubftance  remains  behind.  Add  to  the 
folution  a fmall  quantity  of  water,  and  diftil  with  a fmall 
heat,  the  alcohol  palfes  over,  and  leaves  behind  the  ladtic 
acid  diifolved  in  water*. 

This  acid  is  incapable  of  cryftallizing : when  evapo- 
rated to  drynefs,  it  deliquefees  again  in  the  airf . 

When  diftilled,  water  comes  over  firft,  then  a weak 
acid  refembling  the  tartarous,  then  an  empyreumatic  oil 
mixed  with  more  of  the  fame  acid,  and  laftly  carbonic 
acid  and  hydrogen  gas — there  remains  behind  a fmall 
quantity  of  coalj;. 

The  combinations  which  this  acid  forms  with  alka- 
lies, earths,  and  metallic  oxyds,  are  called  labials. 

Its  affinities,  according  to  Bergman,  are  as  follows : 
Barytes, 

Potafs, 

Soda, 

Ammonia, 

Lime, 

Magnefia, 

Alumina, 

Jargonia^  ? 

Metallic  oxyds  as  in  fulphuric  acid. 
Water, 

Alcohol. 
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If  a quantity  of  frelh  whey  of  mftk  be  filtrated,  and  Sugar  of 
then  evaporated  by  a gentle  fire  till  it  is  of  the  confift-  milk, 
ence  of  honey,  and  afterwards  allowed  to  cool,  a folid 
mafs  is  obtained.  If  this  be  diifolved  In  water,  clarified 
wftth  the  white  of  eggs,  filtrated  and  evaporated,  to  the 
confiftence  of  a fyrup,  it  depofits  on  cooling  a number 
of  brilliant  white  cubic  cryftals  which  have  a fweet 
tafte,  and  for  that  reafon  have  been  fugar  of  milk. 

Fabricius  Bartholet,  an  Italian,  was  the  firft  European 
who  mentioned  this  fugar.  He  deferibed  it  in  his  En- 
cyctopssdia  Hermetica  dogmalica,  publillied  at  Boulcgnia 
in  i6ig  ; but  it  feems  to  have  been  known  in  India 
long  before  that  period. 

Alter  Mr  Scheele  had  obtained  oxalic  acid  from  fu-  Method  < 
gar,  he  wilhed  to  examine  whether  the  fugar  of  milk  obtaining 
would  furnifh  the  fame  produdt.  Upon  four  ounces  f^t:cholac- 
of  pure  fugar  of  mUkj,  finely  powdered,  he  poured  12 

ounces 


II- 

;ac*oIac-  ounces  of  diluted  nitric  acid,  and  put  the  mixture  in  a 
large  glafs  retort,  which  he  placed  in  a fand  bath. 
_A.  violent  elFervefcence  enfning,  he  was  obliged  to  re- 

■ L move  the  retort  from  the  fand  bath  till  the  commotion 
,[  ceafed.  He  then  continued  the  diftillation  till  the  mix 

ture  became  yellow.  As  no  cryflals  appeared  in  the  li 
I t quoi  remaining  in  the  retort,  after  Handing  two  days  he 

* f repeated  the  diftillation  as  before,  with  the  addition  of 

! eight  ounces  of  nitric  acid,  and  continued  the  opera- 

i tion  till  the  yellow  colour,  which  had  difappeared  on 

addition  of  the  nitrous  acid,  returned.  The  liquor  in 
the  retort  contained  a white  powder,  and  when  cold 
! was  obferved  to  be  thick.  Eight  ounces  of  water  w^ere 
' added  to  dilute  this  liquor,  w'hich  was  then  filtrated, 
by  w'hich  the  white  powder  was  feparated  ; which  being 

■ edulcorated  and  dried  weighed  yi  dr.  The  filtrated  fo- 

i lutlon  was  evaporated  to  the  confiftence  of  a fyrup,  and 

again  fubjedled  to  diftillation,  with  four  ounces  of  ni- 
tric acid  as  before  ; after  which,  the  liquor,  when  cold, 
was  obferved  to  contain  many  fmall,  oblong,  four  cry- 
ftals,  together  with  fome  white  powder.  This  pow'der 
being  feparated,  the  liquor  was  again  diftilled  wfiih  more 
nitric  acid  as  before  ; by  which  means  the  liquor  was 
rendered  capable  of  yielding  cryftals  again,  and  by  one 
diftillation  more  with  more  nitrous  acid,  the  whole  of 
the  liquor  was  converted  into  cryftals.  Thefe  cryftals, 
added  together,  weighed  five  drams;  and  were  found, 
upon  trial,  to  have  the  properties  of  the  oxalic  acid. 

Mr  Scheele  next  examined  the  properties  of  the  white 
powder,  and  found  it  to  be  an  acid  of  a peculiar  nature; 
he  therefore  called  it  the  add  of  fugar  of  milk.  It  is 

now  called  the  faccholaSic  add. 

tsloper-  According  to  Scheele  it  is  foluble  in  60  parts  of  its 
les  weight  of  boiling  water  ; but  Melfrs  Hermfladt*  and 
Morveauf  found,  that  boiling  water  only  diflblved 
part.  It  depofited  about  ^th  part  on  cooling  in  the  form 
ofcryftals:};. 

9(1  The  folution  has  an  acid  tafte,  and  reddens  the  Infu- 

fion  of  turnfole^.  Its  fpecific  gravity  at  the  tempe- 
rature of  53,7°,  is  i,ooi5l|. 

When  diftilled,  it  melts  very  readily,  becomes  black, 
and  frothes  ; a brown  fait  fiiblimes  into  the  neck  of  the 
retort,  which  has  the  odour  of  a mixture  of  amber  and 
1 benzoin,  having  an  acid  tafte,  cafily  foluble  in  alcohol, 

! with  greater  difficulty  in  water,  and  burning  in  the  fire 

with  a flame.  There  paffes  into  the  receiver  a browm  li- 
[ quid  having  fome  of  this  fait  diffolvedin  it:  There  re- 
Jeele,  mains  behind  a coal^,  which  Hermftadt  found  to  con-^ 
w tain  a fmall  quantity  of  lime.  Concentrated  fulphurlc 
acid  diftilled  on  this  fait  becomes  black,  frothes  and 
liiiJ.  dec'-mpofes  it*. 

93  Mr  Hermftadt  of  Berlin  had  made  fimilar  experi- 
lejiftadt  ments  on  fugar  of  milk  at  the  fame  time  with  Scheele, 
with  fimilar  refults  ; but  he  concluded,  that  the 
'*  white  powder  which  he  obtained  was  nothing  elfe  than  . 
oxalat  of  lime  wfith  excefs  of  acid,  as  indeed  Scheele  him- 
felf  did  at  firft.  After  he  became  acquainted  with 
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Scheele’s  conclufions,  he  publifiied  a paper  In  defence  of 
his  own  opinion  ; but  his  proofs  are  very  far  from  eftab- 
lilhing  it,  or  even  rendering  its  truth  probable.  He  ac- 
knowledges himfelf,  that  he  has  not  been  able  to  de- 
compofe  this  fuppofed  fait  : he  allows  that  it  pofleffes 
properties  diftinift  from  the  oxalic  acid,  but  he  aferibes 
this  difference  to  the  lime  which  It  contains  ; yet  all  the 
lime  which  he  could  difeover  in  240  grains  of  this  fait 
was  only  20  grains  ; and  if  the  alkali  which  he  employ- 
ed was  a carbonat  (as  it  probably  was),  thefe  20  muft 
be  reduced  to  1 1 . Now  Morveau  has  fhewn,  that  ox- 
alic acid,  containing  the  fame  quantity  of  lime,  exhibits 
very  different  properties.  Befides,  this  acid,  whatever 
it  is  when  united  with  lime,  is  feparated  by  the  oxalic, 
and  muft  therefore  be  different  from  it,  as  it  would  be 
abfurd  to  fuppofe  that  an  acid  could  difplace  itfelf*.  * Morveau, 
The  faccholaiflic  acid  muft  therefore  be  confidered  as  a -Eiicycl. 
diftindl  acid,  as  it  pofleffes  peculiar  properties.  Method,  i. 

Its  compounds  with  alkalies,  earths,  and  metallic 
oxyds,  are  denominated  faccholats.  its  com- 

Its  affinities,  according  to  Bergman,  are  as  follows : pounds  and 
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There  is  an  excrefcence  known  by  the  name  of  nut  galls, 
gall,  which  grows  on  fome  fpecies  of  oaks.  This  fub- 
ftance  contains  a peculiar  acid,  called  from  that  circum- 
ftance^«///c  acid,  the  properties  of  w'hich  were  firft  ex- 
amined with  attention  by  the  commillioners  of  the  aca- 
demy of  Dijon  ; and  the  refult  of  their  experiments 
was  publifhed  in  1777,  in  the  third  volume  of  their  Ele- 
ments of  Chemiftry.  In  thefe  experiments,  however, 
they  employed  the  infuiion  of  galls,  in  which  the  acid 
is  combined  with  the  tanning  principle(M).  It  was 
referved  for  Scheele  to  obtain  it  in  a ftate  of  purity.  496 
He  obferved,  in  an  infufion  of  galls  made  with  cold  Dlfcovery 
water,  a fediraent  which  proved  on  examination  to 
have  a cryftalline  form,  and  an  acid  tafte.  By  letting 
an  infufion  of  galls  remain  a long  tJme  expofed  to  the 
air,  and  removing  now'  and  then  the  mouldy  fk,in  which 
formed  on  its  furface,  a large  quantity  of  this  fediment 
was  obtained,  which  being  edulcorated  with  cold  wa- 
ter, rediffolved  in  hot  w’ater,  filtrated  and  evaporated 
very  (lowly,  yielded  an  acid  fait  In  cryftals  as  fine  as 
fand*.  * Stockholin 

There  is  a fnorter  method  of  obtaining  this  acid  in  ‘I'ranf. 
a ftill  purer  ftate  than  Scheele  obtained  it.  1786. 

^ Method  of 

obtain  ill 


It. 


(‘m)  a fubftance  lately  difeovered  by  French  chemifts,  which  exifts  alfo  in  oak-bark,  and  every  other  body 
which  may  be  fubflituted  for  that  bark  in  the  operation  of  tanning,  Itrefembles  the  refins  in  many  properties  ; 
but  its  diftinguifliing  property  is  that  of  forming  with  glue  a compound  infolublein  water.  When  a little  of 
f the  decodion  of  glue  is  dropped  into  an  infufion  of  nut-galls,  a white  curdy  precipitate  is  inftantly  feen  : Thlsi 
is  the  tanning  principle  combined  with  glue.  The  name  tanning  principle  has  been  applied  to  it,  b.ecaufe  tanning 
confifts  in  combining  this  principle  with  fkins,  by  w'hichthey  are  converted  into  leather. 
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Pour  fulpburic  ether  on  a quantity  of  powdered  galls, 
and  allow  it  to  remain  a few  hours  ; by  which  time  it 
becomes  coloured.  Put  this  tindure  into  a retort,  and 
diifil  off  the  ether  with  a fmall  heat.  The  refiduura 
pofleifes  the  colour  and  brittlenefs  of  a refin,  and  has  all 
the  charaders  of  Rouell’s  refiduous-extrad  ; it  does 
not  attrad  moifture  from  the  atmofphere.  Diflolve  it 
in  its  own  weight  of  water,  and  add  fulphuric  acid, 
drop  by  drop,  till  the  liquor  has  become  of  a manifeftly 
acid  talle.  It  caufes  a white  precipitate,  which  be- 
comes coloured,  and  is  immediately  redilTolved.  At  the 
end  of  fome  hours  a rehnous  matter  will  have  precipi- 
tated. Decant  off  the  fluid,  dilute  it  with  half  its  weight 
of  water,  filtrate  and  evaporate  it  to  ^ths  in  a moderate 
heat  ; add  pure  barytes,  till  the  liquor  is  no  longer  ca- 
pable of  decompofing  muriat  of  barytes  ; then  filtrate 
it  again  : and  on  evaporation  in  a moderate  heat  fmall 
white  prifmatic  cryftals  of  gallic  acid  are  formed  on  the 
fides  of  the  veflelf. 

It  appears  from  the  experiments  of  Deyeux,  that  the 
fubftance  extraded  from  nut-galls  by  ether  does  not  dif- 
fer much  from  the  extrad  by  water  j.  Probably,  then, 
the  only  reafon  for  employing  ether  is  the  fmall  heat 
neceflary  for  evaporating  it. 

There  is  flill  another  method  of  obtaining  this  acid. 
Diftil  nut-galls  in  a firong  heat,  a white  fubftance  fu- 
blimes,  which  cryftallizes  in  the  form  of  needles  : This 
is  gallic  acid.  If  the  cryftals  are  impure,  they  may  be 
purified  by  a fecond  fublimation  : but  the  heat  muft 
not  be  too  violent,  otherwife  the  cryftals  will  melt  in- 
to a brown  mafs*.  This  procefs  was  difcoveted  by 
Scheele. 

But  the  moft  elegant  method  of  obtaining  gallic  acid 
is  that  of  Mr  Prouft.  When  a folution  of  muriat  of  tin  is 
poured  into  an  infufion  of  nut-galls,  a copious  yellow 
precipitate  is  inftantly  formed,  confifting  of  the  tanning 
principle,  combined  with  the  oxyd  of  tin.  After  di- 
luting the  liquid  with  a fufficient  quantity  of  water  to 
feparate  any  portion  of  this  precipitate  which  the  acids 
might  hold  in  folution,  the  precipitate  is  to  be  feparated 
by  filtration.  The  liquid  contains  gallic  acid,  muriatic 
acid,  and  muriat  of  tin.  To  feparate  the  tin,  a quan- 
tity of  fulphurated  hydrogen  gas  is  to  be  mixed  with 
the  liquid.  Sulphuret  of  oxyd  of  tin  is  precipitated 
under  the  form  of  a brown  powder.  The  liquid  is  then 
to  be  expofed  for  fome  days  to  the  light,  covered  with 
paper,  till  the  fuperfluous  fulphurated  hydrogen  gas 
exhales.  After  this,  it  is  to  be  evaporated  to  the  proper 
degree  of  concentration,  and  put  by  to  cool.  Cryftals 
of  gallic  acid  are  depofited.  Thefe  are  to  be  feparated 
by  filtration,  and  waflied  with  a little  cold  water.  The 
evaporation  of  the  reft  of  the  liquid  is  to  be  repeated 
till  all  the  gallic  acid  is  obtained  from  itf. 

The  gallic  acid  thus  obtained  has  a very  acid  tafte, 
and  reddens  vegetable  colours.  It  is  foluble  in  parts 
of  boiling  water,  and  in  12  parts  of  water  at  the  tem- 
perature of  the  atmofphere.  Alcohol  diifolves  one- 
fourth  of  its  weight  of  this  acid  at  the  temperature  of 
the  atmofphere.  When  boiling  hot  it  diifolves  a quan- 
tity equal  to  its  own  weight. 

When  placed  upon  burning  coals,  gallic  acid  takes 
fire,  and  at  the  fame  time  diffufes  a very  ftrong  odour, 
which  has  fomething  aromatic  in  it.  When  ftrongly 
heated,  it  melts,  boils,  becomes  black,  is  diffipated,  and 
leaves  a quantity  of  charcoal  behind  it.  When  diftill- 
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ed,  a quantity  of  oxygen  gas  is  difengaged,  an  acid  li- 
quor is  found  in  the  receiver,  with  fome  gallic  acid,  not 
decompofed,  and  there  remains  in  the  retort  a quantity 
of  carbon.  If  what  has  palfed  into  the  receiver  be 
again  diftllled,  more  oxygen  gas  is  obtained,  fome  gallic 
acid  ftill  fublimes,  and  a quantity  of  carbon  remains 
in  the  retort.  By  repeated  diftillatlnns,  the  whole  of 
the  acid  may  be  decompofed.  This  decompofition  may 
be  more  eafily  accompliflied  by  diftilling  repeatedly  a 
folution  of  gallic  acid  in  water.  The  produdfs  are  oxy- 
gen gas,  charcoal,  and  an  acid  liquor. 

From  thefe  experiments,  Mr  Deyeux,  who  perform-  Its  coi 
ed  them,  has  concluded,  that  gallic  acid  is  compofed  of 
oxygen,  and  a much  larger  proportion  of  carbon  than 
enters  into  the  compofition  of  carbonic  acid.  But  this 
conclufion  is  not  warranted  by  the  analyfis  ; for  Mr 
Deyeux  did  not  find  that  the  quantity  of  oxygen  gas 
and  carbon  obtained  was  equal  to  that  of  the  gallic  acid 
decompofed  : and  in  the  acid  liquor  wBich  came  over, 
there  evidently  exifted  a quantity  of  water,  which 
doubtlefs  was  formed  during  the  diftillation.  Scheele, 
by  treating  gallic  acid  with  nitric  acid  in  the  ufual  man- 
ner, converted  it  into  oxalic  acid.  Now  it  is  certain,  - 
that  oxalic  acid  contains  hydrogen  as  well  as  carbon.. 

It  cannot  be  doubted,  then,  that  gallic  acid  is  compo- 
fed of  oxygen,  hydrogen,  and  carbon,  in  proportions 
not  yet  afcertained.  But  Mr  Deyeux  has  proved,  that 
the  quantity  of  carbon  is  very  great,  compared  with 
that  of  the  hydrogen. 

Gallic  acid  combines  with  alkalies,  earths,  and  me- 
tallic oxyds,  and  forms  compounds,  known  by  the  name 
of  gallats. 

Its  affinities  have  not  yet  been  determined  ; but  oxyd 
of  iron  feems  to  have  a ftronger  affinity  for  it  than  for 
any  other  fubftance  ; for  gallic  acid  is  capable  of  taking 
it  from  every  other  acid.  In  confcquence  of  this  pro- 
perty, the  infufion  of  galls  is  employed  to  deted  the 
prefence  of  iron  in  any  liquid.  As  foon  as  it  is  poured 
in,  if  iron  be  prefent,  a black  or  purple  colour  is  pro- 
duced. 

Sect.  XX.  Of  Benzoic  Acid, 

50 

Benzoin  or  lenjamin  (as  it  is  fometimes  called)  is  a Benzi 
kind  of  refin  brought  from  the  Eaft  Indies  ; obtained, 
according  to  Dr  Dryander,  from  the  ftyrax  benzoe,  a 
tree  which  grows  in  the  ifland  of  Sumatra.  This  fub- 
ftance confifts  partly  of  a peculiar  acid,  defcribed  as 
long  ago  as  1608  by  Blaife  de  Vigenere,  in  his  Trea- 
tife  on  Fire  and  Sait,  under  the  name  of fio^juers  of  ben- 
zoin, beeaufe  it  was  obtained  by  fublimation.  This 
acid,  which  is  now  called  the  benzoic  acid,  may  be  fu- 
blimed  from  benzoin  by  heat  ; or  it  may  be  obtained  by 
Scheele’s  procefs,  which  has  been  defcribed  in  the  ar- 
ticle Chemistry  (Encycl.) 

Benzoic  acid  has  little  or  none  of  the  peculiar  odour  Proper 
which  diftinguifties  benzoin.  Its  tafte  is  not  acid,  but  of  ben2 
fweetifti  and  very  pungent'*'.  It  hardly  afFe(51s  the  in- 
fufion  of  violets  ; but  it  reddens  that  of  turnfole,  efpe-  ^ 
cially  if  that  infufion  be  hotf . Heat  volatilizes  this  Metlm 
acid,  and  makes  it  give  out  a ftrong  odour,  which  ex-  Chmie. 
cites  coughing.  When  expofed  to  the  heat  of  the  44- 
blow-pipe  in  a filver  fpoon,  it  melts,  becomes  as  fluid  | 
as  water,  and  evaporates  without  taking  fire.  It  only' 
burns  when  in  contact  with  flame,  and  then  it  leaves 

no 
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no  refiduum  behind.  When  thrown  upon  burning  coals, 
it  rifes  in  a white  fmoke.  When  allowed  to  cool  after 
being  melted,  it  hardens,  and  a radiaced  cruft  forms  on 
its  furface;};. 

It  fulFers  no  other  alteration  in  the  air  than  lofing 
the  little  of  the  odour  of  benzoin  which  remained  to 
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Cold  water  diffblves  no  fenfible  quantity  of  it  ; but 
it  is  foluble  enotigh  in  hot  water  ; 480  grains  of  boil- 
ing water  diiTolve  20  grains  of  it  ; 19  of  thefe  .are  de- 
pofited,  when  the  water  cools,  in  long,  flender,  flat, 
feather-like  cryftals-j-. 

Concentrated  fulphuric  acid  diffolves  it  without  heat 
or  any  other  change,  except  becoming  fomewhat  brown  : 
when  water  is  poured  into  the  folution,  the  benzoic 
acid  feparates  and  coagulates  on  the  furface  without 
any  alteration j:.  Nitric  acid  prefents  precifely  the 
fame  phenomena,  and  alfo  the  fulphurous  and  nitrous 
acids.  Neither  the  muriatic,  the  oxy-muriatic,  nor  the 
phofphoric  acids  dilfolve  it.  The  acetous,  formic,  and 
febacic  acids,  when  hot,  diflblve  it  precil'ely  as  water 
does  ; but  it  cryftalllzes  again  when  thefe  acids  cool  y. 

Alcohol  diffolves  it  copioufly,  and  lets  it  fall  on  the 
addition  of  water*. 

Little  is  known  refpefling  its  bafe. 

It  combines  with  alkalies,  earths,  and  metallic  oxyds, 
and  forms  falts,  known  by  the  name  of  benzoats. 

Its  affinities,  from  the  experiments  of  Trommfdorf, 
appear  to  be  as  follows : 

White  oxyd  of  arfenic, 

Potafs, 

Soda, 

Ammonia, 

Barytes, 

Lime, 

Magnefia, 
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Jargonia  ? 

Water, 

Alcohol. 


oil.  Perhaps  the  beft  method  of  purifying  it  is  that 
recommended  by  Pott,  to  diiTolve  it  in  hot  water,  and 
to  put  upon  the  filter  a little  cotton,  previoufly  moil- 
tened  with  oil  of  amber  ; this  fubftance  retains  moft  of 
the  oil,  and  allows  the  folution  to  pafs  clear.  The 
acid  is  then  to  be  cryftallized  by  a gentle  evapora- 
tion. And  this  procefs  is  to  be  repeated  till  the  acid 
be  quite  pure.  The  cryftals  are  white,  fhining,  and 
of  a foliated  triangular  prifmatic  form  : they  have  an 
acid  tafte,  but  are  not  corrofive : they  redden  tinfture 
of  turnfole  ; but  have  little  eff’eff;  on  that  of  violets. 

They  fublime  when  expofed  to  a confiderable  heat, 
but  not  at  the  heat  of  a water-bath.  In  a fand-bath 
they  melt,  and  then  fublime  and  condenfe  in  the  upper 
part  of  the  velfel ; but  the  coal  which  remains  fhews 
that  they  are  partly  decompofed*. 

One  part  of  this  acid  diffolves  in  96  parts  of  water 
at  the  temperature  of  50°,  according  to  Spielmanl, 
in  24  parts  at  the  temperature  of  52®,  and  in  2 parts 
of  water  at  the  temperature  of  212°,  according  to 
Stockar  de  Neuforn  f ; but  the  greateft  part  cryftal- 
lizes  as  the  water  cools.  According  to  Roux,  how- 
ever, it  ftill  retains  more  of  the  acid  than  cold  water  is 
capable  of  diffolvingj. 

240  grains  of  boiling  alcohol  diffolve  177  of  this  acid; 
but  cryftals  again  fhoot  as  the  folution  cools*. 

The  combinations  of  this  acid  are  called  fucchials. 

Its  component  parts  are  ftill  unknown. 

Its  affinities,  according  to  Morveau,  are  as  follows  ; 
Barytes, 
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I Sect.  XXL  Of  Succinic  Acid. 

ij04 

imber.  Amber  is  a well-known  brown,  tranfparent,  inflam- 
mable body,  pretty  hard,  and  fufceptible  of  polifh, 
found  at  fome  depth  in  the  earth,  and  on  the  fea-coaft 
of  feveral  countries.  It  was  in  high  eftimation  among 
the  ancients  both  as  an  ornament  and  a medicine. — 
When  this  fubftance  is  diftilled,  a volatile  fait  is  obtain- 
ed, which  is  mentioned  by  Agricola  under  the  name  of 
fall  of  amber ; but  its  nature  was  long  unknown.  Boyle 
*hyle  a-  was  the  firft  who  difeovered  that  it  was  an  acid*.  From 
i!g‘dby  fuccinum,  the  Latin  name  of  amber,  this  acid  has  receiv- 
Sjw,  111.  appellation  of fuccinic  acid. 

- It  is  obtained  by  the  following  procefs : Fill  a re- 
I:thod  of  with  powdered  amber,  and  cover  the  pow- 

taining  der  with  a quantity  of  dry  fand  ; lute  on  a receiver, 
feiuie  and  diftil  in  a fand-bath  without  employing  too  much 
heat.  There  paffes  over  firft  an  infipid  phlegm  ; then 
a weak  acid,  which,  according  to  Scheele,  is  the  acet- 
]3ergman't  ousf ; then  the  fuccinic  acid  attaches  itfelf  to  the 
on  neck  of  the  retort ; and  if  the  diftillation  be  continued, 
there  comes  over  at  laft  a thick  brown  oil,  which  has 
an  acid  tafte. 

The  fuccinic  acid  is  at  firft  mixed  with  a quantity  of 


Sect,  XXII.  Of  Camphoric  Acid. 
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Camphor  is  a well-known  white  cryftalline  fubftance.  Camphor, 
of  a ftrong  tafte  and  fmell,  obtained  from  a fpecies  of 
laurel  in  the  Eaft  Indies  ; and  Mr  Prouft  has  fhown 
that  feveral  volatile  oils  contain  a confiderable  quantity 
of  it*.  It  is  fo  volatile,  that  it  cannot  be  melted  in  * -^""-  de 
open  veffels,  and  fo  inflammable,  that  it  burns  even  on 
the  furface  of  water. 

When  camphor  is  fet  on  fire  in  contadl  with  oxygen 
gas,  it  burns  with  a very  brilliant  flame  ; much  caloric 
is  difengaged,  water  is  formed,  the  inner  furface  of  the 
veffel  is  covered  with  a black  matter,  which  is  undoubt- 
edly carbon,  and  a quantity  of  carbonic  acid  gas  is  alfo 
produced. f Hence  it  follows,  that  it  is  compoCed  o£  f La  Grange,. 
hydrogen  and  carbon,  at  lead  principally.  Ann.  afe’  * 

If  one  part  of  camphor  and  fix  parts  of  pulverifed  C/j/w.  xxuk 
clay  be  mixed  together,  by  means  of  alcohol,  in  a mor- 
tar,  the  mixture  made  up  into  balls,  and  when  dry  put 
into  a retort,  and  diftilled  by  a moderate  heat-— a quan- 
tity of  oil  comes  over,  and  there  remains  in  the  retort 
a black  fubftance,  which  confifts  of  the  clay  intimately 
mixed  with  a quantity  of  carbon.  If  the  fire  be  not 
cautioLifly  managed,  a quantity  of  camphor  alfo  fub-. 

limes« 


380 


Camphoric 

Acid. 


limes.  By  this  precefs,  camphor 
and  feparated  into  oil  and  carbon. 
122,248  parts  of  camphor 

produced  45,856  parts  of  oil 
and  30,571  of  carbon. 
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Total  76,427 
Lofs  45,821 

Carbonated  hydrogei 
alfo  tormedt. 

The  oil  obtained  has  the  following  properties  : 

It  has  a fharp  cauftic  tafte,  and  leaves  upon  the 
tongue  a fenfe  of  coldnefs.  It  has  an  aromatic  odour, 
approaching  to  that  of  thyme  or  rofemary.  Its  colour 
is  a golden  yellow. 

When  expofed  to  the  air,  it  partly  evaporates,  and 
there  remains  a thick  brown  matter  with  a fharp  bit- 
terifh  tafte,  which  at  laft  alfo  evaporates. 

With  alkalies,  it  forms  a foap,  which  pofieffes  all  the 
characters  of  foaps  made  with  volatile  oils. 

Alcohol  dilTolves  it  entirely  ; and  when  water  is  add- 
ed to  the  folution  it  becomes  milky,  but  no  precipitate 
is  produced^. 

Thefe  properties  ftiow  that  this  is  a volatile  oil,  and 
confequently  it  is  probable  that  camphor  is  compofed 
of  volatile  oil  and  carbon. 

Mr  Kofegarten,  by  diftilling  nitiic  acid  off  camphor 
eight  times  fncceffively,  obtained  an  acid  in  cryftals*, 
to  which  the  name  of  camphoric  acid  has  been  given. 

His  experiments  have  been  repeated  by  Mr  Bouillon 
La  Grange.  He  mixed  together  1 22,284  P^iits  of  cam- 
phor with  489,136  parts  of  nitric  acid  of  the  fpecific 
gravity  1,33,  and  diftilled  them.  Much  nitrous  and 
carbonic  acid  gas  were  difengaged,  and  part  of  the  cam- 
phor was  fubiimed  ; but  part  was  converted  into  an 
acid.  He  returned  the  fubiimed  camphor  into  the  re- 
tort, poured  on  it  the  lame  quantity  of  nitric  acid  as  at 
firft,  and  diftilled  again.  This  procefs  he  repeated  till 
the  whole  camphor  was  acidified f.  The  quantity  of 
camphoric  acid  obtained  amounted  to  53,498.  The 
quantity  of  nitric  acid  was  2114,538. 

Camphoric  acid  thus  i brained  is  in  fnow-white  cry- 
ftals,  of  the  form  of  paralielopipedons*. 

Thefe  cryftals  efflorefce  in  the  air  j;. 

Camphoric  acid  has  a flightly  acid  bitter  tafte,  and 
a fmell  like  that  of  I'affron. 

It  reddens  vegetable  colours. 

It  is  foluble  in  200  parts  of  cold  v/ater,  according  to 
Kofegarten ; in  96  parts  of  water  at  the  temperature 
of  6o“,  according  to  La  Grange,  Boiling  water  dif- 
folves  TrVth  of  its  weight^. 

According  to  Kofegarten,  it  is  infoluble  in  alcohol ; 
according  to  La  Grange,  alcohol  diftidves  it,  and  when 
the  folution  is  left  in  contafl  with  the  air  of  the  atm-  f- 
phere,  the  acid  cryftallizes.  It  is  not  precipitated  from 
its  folution  in  alcohol  by  the  addition  of  water*. 

When  this  acid  is  placed  on  ignited  coals,  it  emits  a 
denfe  aromatic  fume,  and  is  entirely  diffipated.  By  a 
gentler  heat,  it  melts,  and  is  fubiimed.  If  it  be  put 
into  a heated  porcelain  tube,  and  oxygen  gas  be  palled 
through  it,  the  acid  does  not  undergo  any  change,  but 
is  fubiimed. 

By  mere  diftillation,  it  firft  melts  and  then  fublimes  ; 
by  which  procefs  its  properties  are  in  fome  refpecft 
changed.  It  no  longer  reddens  the  tinflure  of  turnfol, 
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•but  acquires  a briflc  aromatic  fmell ; its  tafte  becomes 
lefs  penetrating,  and  it  is  no  longer  foluble  either  in 
water  or  the  fulphuric  and  muriatic  acids.  Heated  ni- 
tric acid  turns  it  yellow  and  diftolves  it.  Alcohol  like- 
wife  diflblves  it  ; and  if  this  folution  be  left  in  conta<fl 
with  the  air  of  the  atmofphere,  it  cryftallizes. 

Camphoric  acid  does  not  produce  any  change  in  ful- 
phur  ; alcohol  and  the  mineral  acids  totally  diflblve  it; 
and  fo  likewife  do  the  volatile  and  the  fat  oils. 

Camphoric  acid  dees  not  precipitate  lime  from  lime- 
water.  It  produces  no  change  on  the  folution  of  indi- 
go in  fulphuric  acid. 

It  forms  combinations  w ith  the  alkalies,  earths,  and  Its  con 
metallic  oxyds,  W’hich  are  called  carriphorats . nation 

Its  affinities;,  as  far  as  afeertained  by  La  Grange,  are 
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Sect.  XXIII.  Of  Suberic  Acid. 

Cork,  a fubftance  too  well  known  to  require  any  DifccM 
defeription,  is  the  bark  of  a tree  which  bears  the  fame  of  fulii  * 
name.  By  means  of  nitric  acid,  Brugnatelli  converted  * 
it  into  an  acidf , which  has  been  called  the  fuberic  acid,  f CreU 
from  Suber,  the  Latin  name  of  the  cork  tree.  Several  AnnaU  U. 
chemifts  aflrrmed  that  this  acid  was  the  oxalic,  becaufe  ^7^7*  ^ 
it  pofTefled  feveral  properties  in  common  with  it.  Thefe 
afiertions  induced  Buillon  La  Grange  to  undertake  a fet 
of  experiments  on  fuberic  acid.  Tliefe  experiments, 
which  have  been  publifhed  in  the  23d  volume  of  the 
Annaks  de  Chimie,  completely  eftablilh  the  peculiar  na- 
ture of  fuberic  acid,  by  Ihewang  that  it  pofieffes  proper- 
ties different  from  thofe  of  every  other  acid.  jr, 

To  prepare  it,  a quantity  of  found  cork  grated  down  Methc 
fmall  is  to  be  put  into  a retort,  fix  limes  its  weight  of  prepar 
nitric  acid  of  the  fpecific  gravity  1,261  poured  upon  " 
it,  and  the  mixture  diftilled  by  means  of  a gentle  heat. 

Red  vapours  are  immediately  difeharged ; the  cork 
fwells  up  and  becomes  yellow,  and  as  the  diftillation 
advances,  it  fmks  to  the  bottom,  and  its  furface  remains 
frothy.  If  that  froth  does  not  form  properly,  it  is  a proof 
that  fome  part  of  the  cork  has  efcaped  theadion  cf  the 
acid.  In  that  caie,  after  the  diftillation  is  pretty  far 
advanced,  the  acid  which  haspaffed  into  the  receiver  is 
to  be  poured  back  int.i  the  retort,  and  the  diftill.uion 
continued  till  no  more  red  vapours  can  be  perceived  ; 
and  then  the  retort  is  to  be  imme  Jiately  taken  out  ol  the 
fand-bath,  otherwife  its  contents  would  become  black 
and  adhere  to  it.  While  the  matter  contained  in  the 
retort  is  hot,  it  is  to  be  poured  into  a glafs  velfel,  pla- 
ced upon  a fand-bath  over  a gentle  fire,  and  c-  nftamly 
ftjrred  with  a glafs  rod.  By  this  ineaHS  it  bee  mes 
gradually  thick.  As  foon  as  white  vapours,  exciting 
a tickling  in  the  throat,  begin  to  difengage  themielves, 
theveifel  is  removed  from  the  bath,  and  the  mafs  con- 
tinually ftirred  till  it  is  almoft  cold. 

By  this  means  an  orange  cfiloured  mafs  is  obtained 
of  the  confiftence  of  honey,  of  a ftrong  and  fharp  odour 
while  hot,  but  having  a peculiar  aromatic  fmell  when 
cold. 
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Mr  Buillon  La  Grange,  to  whom  we  are  indebted 
for  all  the  fads  relative  to  this  acid,  fuppofes  that  it  is 
compofed  of  oxygen,  hydrogen,  and  carbon : but  Mr 
Jainefon,  in  confsquence  of  the  refult  of  a feries  of  ex- 
periments which  he  made  on  charcoal,  has  been  led  to 
fufped  that  it  confifts  entirely  of  carbon  and  oxygen. 
He  found  that,  by  the  adion  of  nitric  acid  upon  char- 
coal, a brown,  bitter,  deliquefeent  mafs  was  formed, 
foluble  in  water,  alcohol,  and  alkalies,  and  which  emit- 
ted, particularly  when  heated,  a very  fragrant  odour. 
This  matter  was  more  or  lefs  foluble  in  water  accord- 
ing to  the  time  that  it  had  been  expofed  to  the  adion  of 
the  acid.  When  the  nitric  acid  ufed  was  concentrated, 
and  confiderable  in  quantity,  part  of  the  charcoal  was 
converted  into  an  acid,  which  polfefled  the  charaders 
of  the  fuberic  f . 

Thefe  fads  are  curious,  and  may  extend  our  know- 
ledge of  the  nature  of  vegetable  acids,  but  they  art  in- 
fufficient  to  prove  the  abfence  of  hydrogen  in  fuberic 
acid,  becaufe  charcoal  cannot  eafily  be  procured  perfed- 
ly  free  from  hydrogen,  and  becaufe  feveral  of  the  pro- 
perties of  fuberic  acid  indicate  the  prefence  of  hydrogen 
in  it,  its  becoming  brown,  for  inftance,  when  expofed 
to  the  light.  Mr  Jamefon  has  obferved,  that  the  acid 
which  exifts  ready  formed  in  peat  pofTelTes  the  proper- 
ties of  fuberic  acid. 

Sect.  XXIV.  Of  Laccic  Acid. 

About  the  year  1786,  Dr  Anderfon  of  Madras  men- 
tioned in  a letter  to  the  governor  and  council  of  that 
place,  that  nells  of  infeds,  refcmbling  fmall  cowry  fhells, 
had  been  brought  to  him  from  the  woods  by  the  na- 
tives, who  eat  them  with  avidity.  Thefe  fuppol'ed  nefts 
he  foon  afterwards  difeovered  to  be  the  coverings  of 
the  females  of  an  undeferibed  fpecies  of  coccus,  which 
he  fhortly  found  means  to  propagate  with  great  facility 
on  feveral  of  the  trees  and  flirubs  growing  in  his  neigh- 
bourhood (r). 

On  examining  this  fubftance,  which  he  called  r^hite 
lac,  he  obferved  in  it  a very  confiderable  refemblance 
to  bees  w^ax ; he  noticed  alfo,  that  the  animal  which 
fecretes  it  provides  itfelf  by  fome  means  or  other  wdth 
a fmall  quantity  of  honey,  refembling  that  produced  by 
our  bees  ; and  in  one  of  his  letters  he  complains,  that 
the  children  whom  he  employed  to  gather  it  were 
tempted  by  its  fweetnefs  to  eat  fo  much  of  it  as  mate- 
rially to  reduce  the  produce  of  his  crop.  Small  quan- 
tities of  this  matter  w'ere  fent  into  Europe  in  1789, 
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both  in  its  natural  ftate  and  melted  into  cakes  ; and  in 
1793  D''  Pearfon,  at  the  requeft  of  Sir  Jofeph  Banks, 
undertook  a chemical  examination  of  its  qualities,  and 
his  experiments  were  publifhed  in  the  Philofophical 
Tranfadtions  for  1794. 

A piece  of  white  lac,  from  3 to  15  grains  in  weight,  its  ana^ 
is  probably  produced  by  each  infect.  Thefe  pieces  are 
of  a grey  colour,  opaque,  rough,  and  roundifh.  When 
white  lac  was  purified  by  being  (trained  through  muf- 
lin,  it  was  of  a brown  colour,  brittle,  hard,  and  had  a 
bitterifh  tafte.  It  melted  in  alcohol,  and  in  water  of 
the  temperature  of  145°.  In  many  of  its  properties  it 
refembles  bees  wax,  though  it  differs  in  others ; and 
Dr  Pearfon  fuppofes  that  both  fubftances  are  compofed 
of  the  fame  ingredients,  but  in  different  proportions. 

Two  thoufand  grains  of  white  lac  were  expofed  in 
fuch  a degree  of  heat  as  was  juft  fufficient  to  melt 
them.  As  they  grew  foft  and  fluid,  there  oozed  out 
550  grains  of  a reddifh  watery  liquid,  which  fmelled 
like  newly  baken  bread  (s).  To  this  liquid,  Dr  Pear- 
fon has  given  the  name  of  laccic  acid\.  Pearj. 

It  poffcffes  the  following  properties:  Hranjl. 

It  turns  paper  ftained  with  turnfole  to  a red  colour. 

After  being  filtered,  it  has  a (lightly  faltilh  tafte 
with  bitternefs,  but  is  not  at  all  four. 

When  heated,  it  fmells  precifely  like  newly  baken  Proper 
hot  bread.  of  lacc, 

On  (landing,  it  grows  fomewhat  turbid,  and  depo- 
fits  a fmall  quantity  of  fediment. 

Its  fpecific  gravity  at  the  temperature  of  60®  is 
1,025. 

A little  of  it  having  been  evaporated  till  it  grew  very 
turbid,  afforded  on  (landing  fmall  needle  (haped  cryftals 
in  mucilaginous  matter. 

Two  hundred  and  fifty  grains  of  it  were  poured  in- 
to a very  fmall  retort  and  diltilled.  As  the  liquor  grew 
warm,  mucilage  like  clouds  appeared  ; but  as  the  heat 
increafed  they  difappeared  again.  At  the  temperature 
of  200°,  the  liquor  diftilled  over  very  fad  : A fmall 
quantity  of  extradive  matter  remained  behind.  The 
diftilled  liquor  wdiile  hot  fmelled  like  newly  baken  bread, 
and  was  perfedlly  tranfparent  and  yellowifh,  A fhred 
of  paper  ftained  with  turnfole,  which  had  been  put  into 
the  receiver,  was  not  reddened  ; nor  did  another  which 
had  been  immerfed  in  a folution  of  fulphatof  iron,  and 
alfo  placed  in  the  receiver,  turn  to  a blue  colour  upon 
being  moiftened  with  the  folution  of  potafs  (t).  | 

About  one  hundred  grains  of  this  diftilled  liquid  be- 
ing evaporated  till  it  grew  turbid,  after  being  fet  by 
for  a night,  afforded  acicular  cryftals,  which  under  a 
lens  appeared  in  a group  not  unlike  the  umbel  of  parf- 
ley.  The  whole  of  them  did  not  amount  to  the  quar- 
ter of  a grain.  They  tailed  only  bitterifh. 

Another  ico  grains  being  evaporated  to  drynefs  in 
a very  low  temperature,  a blackilh  matter  was  left  be- 
hind, which  did  not  entirely  difappear  on  heating  the 

fpoon 


(r)  The  Chinefe  colledt  a kind  of  wax,  which  they  call peda,  from  a coccus,  depofited  for  the  purpofe  of 
breeding  on  feveral  flirubs,  and  manage  it  exactly  as  the  Mexicans  manage  the  cochineal  infedl.  It  was  the 
knowledge  of  this  that  induced  Dr  Anderfon  to  attempt  to  propagate  his  infeff. 

(s)  The  fame  liquid  appears  on  preffing  the  crude  lac  between  the  fingers  j and  we  are  told,  that  when 
newly  gathered  it  is  replete  with  juice. 

(t)  a proof  that  the  acid  was  not  the  pruffic. 
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iLaecic  , fpocn  containing  It  very  hot  in  the  naked  fire  ; but  on 
|,'Vcid.  heating  oxalic  acid  to  a much  lefs  degree,  it  evaporated 
and  left  not  a trace  behind, 

Carbonat  of  lime  diffolved  in  this  diftilled  liquor  with 
effervefcence.  The  folution  tafted  bitterifh,  did  not 
turn  paper  flained  with  turnfole  red,  and  on  adding  to 
it  carbonat  of  potafs  a copious  precipitation  enfued. 
A little  of  this  folution  of  lime  and  of  alkali  being  eva- 
porated to  drynefs,  and  the  refiduum  made  red  hot,  no- 
thing remained  but  carbonat  of  lime  and  carbonat  of 
potafs. 

This  liquid  did  not  render  nitrat  of  lime  turbid,  but 
it  produced  turbidnefs  in  nitrat  and  muriat  of  barytes. 

To  five  hundred  grains  of  the  reddifh-coloured  liquor 
obtained  by  melting  white  lac,  carbonat  of  foda  was 
added  till  the. effervefcence  ceafed,  and  the  mixture  was 
neutralifed  ; for  which  purpofe  three  grains  of  the  car- 
bonat were  neceflary.  During  this  combination  a quan- 
tity of  mucilaginous  matter,  with  a little  carbonat  of 
lime,  was  precipitated.  The  fatui'ated  folution  being 
filtrated  and  evaporated  to  the  due  degree,  afforded  on 
ftanding  deliquefcent  cryftals,  which  on  expofure  to  fire 
left  only  a refiduum  of  carbonat  of  foda. 

Lime-water  being  added  to  this  reddifh-coloured  li- 
quor produced  a light  purple  turbid  appearance  ; and 
on  Handing  there  were  clouds  juft  perceptible. 

Sulphuret  of  lime  occafioned  a white  precipitation, 
but  no  fulphurated  hydrogen  gas  was  perceptible  by  the 
fmell. 

Tindure  of  galls  produced  a green  precipitation. 

Sulphat  of  iron  produced  a purplifh  colour,  but  no 
precipitation  ;•  nor  was  any  precipitate  formed  by  the 
addition  fir  ft  of  a little  vinegar,  and  then  of  a little  pot- 
afs, to  the  mixture.  _ . 

Acetite  of  lead  occafioned  a reddifh  precipitation, 
which  redlfiblved  on  adding  a little  nitric  acid. 

Nitrat  of  mercury  produced  a whitifti  turbid  liquor. 

Oxalic  acid  produced  immediately  the  precipitation 
of  white  acicular  cryftals,  owing  probably  to  the  pre- 
fence of  a .littkdime  in. the  liquid. 

Tartiite  of  potafs  produced  a precipitation  not  un- 
I like,  what  takes  place  on  adding  tartarous  acid  to  tar- 

trite  of  potafs  ,(u)  ; but  it  did  not  diffolve  again  on 
, adding  potafs. 

Such  were  the  properties  pf  this  acid  difcovered  by 
Dr  Pearfon.  Its  deftruffibility  by  fire,  and  its  afford- 
j ing  carbon,  diftinguifh  it  from  all  the  acids  defcribed 

in  this  article  before  the  acetous  j and  its  peculiar  fmell 
when  heated,  its  precipitating  tartrite  of  potafs  with- 
out forming  tartar,  its  bitterilh  tafte,  and  its  being  con- 
i',! verted  into  vapour  at  the  temperature  of  200",  diftin- 

\piil.  guilh  it  from  all  the  acids  hitherto  examined*. 

|ra«.i794.  V 

*383-  Sect.  XXV.  Of  Pyromucous  /Icid, 

'j 

^[ethod  of  Pyromucous  (v)  acid  is  procured  by  diftilling  fugar 
, jitaining  or  any  of  the  fweet  juices.  As  they  foam  very  much, 
j retort  ftiould  be  large, and.feven-eighths  of  it  empty. 

; ‘ A prodigious  quantity  of  carbonic  acid  and  carbonated 
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A very  thin  light  coal  re- 
Morveau  found  the  glafs 
quantity  of  fugar  diftilled 
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Pyromu- 
cuos  Acid. 


52.3 


hydrogen  gas  is  difengaged  : 
mains  behind  in  the  retort, 
of  the  retort  attacked.  The 

was  2304  grains  ; the  coal  weighed  982  grains.  There 
were  428  grains  of  a brown  liquor  in  the  receiver,  con- 
fifting  moftly  of  an  acid  phlegm.  This  rediftilled  gave 
313  grains  of  a liquor  almoft  limpid,  the  fpeeific  gra- 
vity of  which  was  1,0115  the  temperature  of  77®. 

It  reddened  blue  paper.  This  acid  may  be  concentra- 
ted by  freezing,  or  by  combining  it  with  fome  bafe, 
potafs  for  inftance,  and  decompofing  the  compound  by 
a ftronger  acid,  as,  for  example,  the  fulphuric. 

It  has  a very  (harp  tafte.  When  expofed  to  heat  in  Its  proper- 
open  veffels  it  evaporates,  leaving  a brown  fpot.  Dif- 
tilled  in  clofe  veffels,  it  leaves  charcoal  behind  it. 

It  does  not  diffolve  gold  as  Schrickel  and  Lemery 
and  feveral  other  chemifts  affirmed. 

It  does  not  attack  iilver  nor  mercury,  nor  even  their 
oxydsf.  It  corrodes  lead,  and  forms  ftyptic  and  longf  Schrhhl. 
cryftals.  Copper  forms  with  it  a green  folution  : With 
iron  it  forms  green  cryftals  ; with  antimony  and  zinc 
greenifti  folutions. 

The  compounds  which  it  forms  are  called  pyromusites 

Its  affinities,  according  to  Morveau,  are  as  follows 
Potafs, 

Soda, 

Barytes, 

Lime, 

Magnefia, 

Ammonia, 

Alumina, 

Jargoniaf, 

Metallic  oxyds  as  in  fulph.  acid. 

Water, 

Alcohol. 
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Sect.  XXVI.  Of  Pyro~Ugnous  Add. 

525 

It  Is  well  known  that  the  fmoke  of  burning  wood  is  Method  of 
exceedingly  offenfive  to  the  eyes  : And  chemifts  have  obtaining 
long  ago  obferved,  that  an  acid  might  be  obtained  by 
diftilling  wood. 

It  is  to  Mr  Goettling,  however,  and  to  the  Dijon 
academicians,  who  repeated  his  experiment,  that  we  are 
indebted  for  what  knowledge  we  poffefsof  the  peculiar 
properties  of  this  acid,  which,  becaufe  it  is  obtained 
from  wood  by  means  of  fire,  has  been  called  the  pyro- 
iignous  acid  (w).  It  appears  to  be  the  fame  from  what- 
ever kind,  of  wood  it  is  obtained. 

Mr  Goettling  filled  an  iron  retort  with  pieces  of 
birch  tree  bark,  and  obtained  by  diftilktion  a thick, 
brown,  very  empyreumatic  acid  liquor.  This  liquor  he 
allowed  to  remain  at  reft  for  three  months,  and  then  fe- 
parated  from  it  a quantity  of  oil  which  had  rifen  to  the 
top.  By  diftilling  this  liquor  again,  and  then  fatura- 
ting  it  with  potafs,  and  evaporating  it  to  drynefs,  he  ob- 
tained a brown  fallne  mafs  ; which,  by  being  rediffol- 
ved  in  water,  and  evaporated,  yielded  greyifh  white 
cryftals  ; Thefe  cryftals  were  compofed  of  pyro-lignous 

3 D 2 acid 


(u)  On  this  addition,  tartar,  or  acidulated  tartrite  of  potafs,  is  formed,  which  precipitates,  bccaufe  it  is  very 
little  Ibluble  in  water.  The  addition  of  potafs  diffolves  it  again. 

(v)  Morveau  called  this  acid acid.  ■ ' 

(w)  Goettling  called  it  ligneous  add. 
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fO,i9  oxygen 
13,94  hydrogen, 

35,87  carbon. 


IQPjOP 

Thefe  numbers  can  only  be  confidered  as  approxima- 
tions to  the  truth  ; for  the  objed  of  Dr  Higgins  y^'as 
not  to  afcertain  the  proportions  of  the  ingredients  which 
compofe  acetous  acid  ; and  therefore  liis  experiments 
were  not  condudted  with  that  rigid  accuracy  which 
jypuld  have  been  neceffary  for  that  purpofe. 

It  is  extremely  probable,  that  during  the  acetous 
fermentation,  or  the  converfion  of  alcohol  into  acetous 
•hmjtadt,  acid,  a quantity  of  water  is  formed*  ; and  it  is  certain 
<:rc  An-  that  oxygen  is  abforbed.  It  follows  from  this,  that 
acetous  acid  contains  more  carbon  and  lefs  hydrogen 
than  alcohol.  Now  we  have  reafon,  from  Lavoi Tier’s 
experiments,  to  believe,  that  alcohol  is  formed  of 
51,72  oxygen, 

18,40  hydrogen, 

29,88  carbon. 

Lavolfier  fuppofes  that  this  acid  contains  alfo  azot. 

3.  Acetic  acid  is  fuppofed  to  confift  of  the  fame 
bafe  with  acetous  acid,  combined  with  a larger  propor- 
tion of  oxygen;  we  would  rather  fay,  that  it  is  acet- 
ous acid  combined  with  oxygen. 

4.  When  oxalic  acid  is  diftilled  with  fix  times  its 
weight  of  fulphuric  acid,  the  produdts  are  acetous  acid, 
fulphurous  acid,  carbonic  acid  gas,  and  fulphuric  acid 

CV,  remains  in  the  retortf.  Hence  it  follows,  that  oxalic 
hu  de  acid  contains  more  carbon  than  acetous  acid  ; but  that 
It  is  compofed  of  the  fame  ingredients.  It  has  been 
fuppofed,  that  oxalic  acid  is  compofed  of  fugar  and 
oxygen.  Now  fugar,  according  to  Lavoifier,  is  com- 
pofed of 

Hydrogen,  - - . . 8 

Qxygen,  - ^4 

Garboi),  - - • - 28 

Thefe  proportions  are  rather  unfavourable  to  that 
notion  ; at  leaft  if  any  dependence  can  be  put  in  the 
compolition  of  acetous  acid  as  deduced  from  the  expe- 
riments of  Dr  Higgins. 

5.  Herniftadt  diflblved  four  ounces  of  tartarous  acid 
\n  16  ounces  of  water,  and  kept  the  folution  in  a velfel 
covered  with  paper  in  a warm  place.  In  three  months 
the  tafte  of  the  folution  was  changed,  and  the  air  in  the 
upper  part  of  the  veflel  w^s  found- to  be  carbonic  acid. 
Jn  fix  months  the  folution  was  converted  into  acetous 
9cid.  It  follows  from  this  experiment,  that  tartarous 
acid  contains  more  carbon  than  acetous  acid,  and  that 
{heir  ingredients  are  the  fame.  If  any  doubts  fiiould 
remain,  the  following  experiment  is  fufficient  to  remove 
them.  Weftrum  mixed  flrong  fulphuric  acid  with  tar- 
tarous acid,  and  added  manganefe  ; acetous  acid  was 
produced,  and  a great  quantity  of  carbonic  acid  gas 
>vas  difengaged.  When  nitric  acid  is  difiilled  olF  tar- 
tarous acid,  it  is  converted  into  oxalic  acid,  as  Scheele 
jirfl;  proved.  Hence  it  has  been  fuppofed  by  fome, 
that  oxalic  acid  differs  from  tartarous  merely  in  contain- 
ing more  oxygen  : but  tlijs  is  very  far  indeed  from  be- 
ing proved.  According  to  Haifenfratz,  tartarous  acid 

. contains  a confiderable  quantity  of  azot. 

0.  When  citrat  pf  lime  is  allowed  to  remain  in  a 
bpttle  flightly  corked  along  with  a little  alcohol,  thp 
citric  acid  is  gradually  converted  into  apetQus  acid|. 


Pit  II. 
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Weftrum  ponverted  it  into  oxalic  acid  by  means  of  ni-  Fruffic 
trie  acid. 

7.  Mafic  acid  was  converted  into  oxalip  by  means  pf 
nitric  acid  by  Scheele.  It  has  beeri  fuppofed  to  con- 
tain more  oxygen  than  oxalic  acid.  Some  of  if  is  al- 
ways formed  during  the  common  procefs  of  converting 
fugar  Into  oxalic  acid.  Were  we  to  judge  from  an  ex- 
periment, which,  however,  was  not  performed  with 
fufficient  accuracy,  we  would  conplude  that  the  bafe  of 
malic  acid  is  gum  ; for  by  diftilling  two  parts  of  weak 
nitric  acid  off  one  part  of  gam  in  a very  fmall  heat,  we 
obtained  a quantity  of  acid  more  in  weight  than  the 
gum,  which  exhibited  feveral  of  the  diftinguifijing  pro- 
perties of  malic  acid.  It  was  exceedingly  light,  white, 
and  fpongy,  and  attrafled  water  very  quickly  from  the 
atmofphere,  and  could  not  afterwards  be  brought  by 
evaporation  to  its  former  ftate. 

8.  Scheele  converted  ladtic  acid  Into  acetous  by 
mere  expofure  to  the  atmofphere,  and  found  that  a 
quantity  of  carbonic  acid  was  difengaged.  Hence  this 
acid  is  merely  the  acetous  with  a fmaller  proportion  of 
carbon. 

9.  The  gallic  acid,  we  have  feeu,  contains  more  car- 
bon than  any  of  the  others. 

10.  Nothing  is  known  concernli^g  the  compofition  of 
the  benzoic  and  fuccinic  acids.  Herniftadt  fays  bp 
converted  benzoic  acid  to  oxalia  by  means  of  nitric 
acid  ; but  Morveau  did  not  obferye  that  any  change 
was  produced. 

11.  The  bafe  of  camphoric  is  probably  camphor. 

Though  thefe  eighteen  are  the  only  acids  which  h^ve 

hitherto  been  examined  with  attention,  it  cannot  be 
doubted  that  the  number  of  vegetable  acids,  either  ex- 
ifting  naturally,  or  at  leaft  capable  of  being  formed  by 
art,  is  confiderably  greater.  Morveau  has  lately  afeer- 
tainpd,  that  the  red  colours  of  flowers  are  owing  to 
qcids  ; This  had  already  been  conjedured  by  Linntpus, 

Sect.  XXVIII.  Of  Prujftc  Acif 
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About  the  beginning  of  the  prefent  century,  DIef-  Difeovery 
bach,  a chemift  of  Berlin,  wiflung  to  precipitate  a folu-  of  Pruflian 
tion  of  cochineal  mixed  with  a little  alum  and  fulphat  Nue, 
of  iron,  borrovyed  from  Dippel  fame  potafs,  from  which 
that  chemift  had  dijlilkd  feveral  times  his  animal  oil. 

On  pouring  in  the  potafs,  Diefbach  was  furprized  to  fee, 
inftead  of  the  red  precipitate  which  he  had  cxpe<fted,  a 
beautiful  blue  powder  falling  to  the  bottom  of  the  veflel. 

By  reftefting  on  the  materials  which  he  had  employed, 
he  eafily  difeovered  the  method  of  procuring  the  blue 
powder  at  pleafure*.  This  powder  was  called  Prujfum  * Stahl’s 
blue,  from  the  place  vyhere  it  was  difeovered.  It  was  300  Expe-> 
announced  in  the  Berlin  Memoirs  for  1710;  but  the 
procefs  was  concealed,  becaufe  it  had  become  a lucra- 
tive  article  of  commerce.  A method  of  preparing  It,  Method  of 
hov.’.-yer,  was  publilhed  by  Woodward  in  the  Philofo-  preparing 
phical  Tranfaftipns  for  ^724,  which  he  faid  he  had  got 
from  one  of  l)is  friends  in  Germany.  This  method  was 
as  follows  : Detopate  together  4.  ounces  of  nitre  and  as 
much  tartar,  in  order  tp  procure  an  extemporaneous  al- 
kali ; then  add  4 ounces  of  dried  bullock’s  bipod,  mix 
tfie  ingredients  well  together,  and  put  them  into  a cru- 
cible covereft  with  a lid,  in  which  there  is  a fmall  hole  ; 
calcine  with  a moderate  fire  till  the  blood  emits  no  more 
(mfikp  pr  fiame  capable  of  bliici^^ning  any  white  body 

expofigd 


3«6 


CHEMISTRY. 


PrulTic 

Acid. 


534 

Its  compc- 
fition  difco- 
vered  by 
Macquer. 


expofed  to  it : Increafe  the  fire  towards  the  end,  fo  that 
the  whole  matter  contained  in  the  crucible  fhall  be  mo- 
derately but  fenfibly  red.  In  this  Rate  throw  it  into 
two  pints  of  water,  and  boil  it  for  half  an  hour.  De- 
c’.nt  off  this  water,  and  continue  to  pour  on  more  till 
it  come  offinfipid.  Add  all  thefe  liquids  together,  and 
boil  them  down  to  two  pints.  Diflblve  tW'O  ounces  of 
fulphat  of  iron  and  eight  ounces  of  alum  in  tw'o  pints 
of  boiling  water  ; m,ix  this  with  the  former  liquor  while 
both  are  hot.  An  effervefcence  takes  place,  and  a pow- 
der is  precipitated  of  a green  colour  mixed  with  blue. 
Separate  this  precipitate  by  filtration,  and  pour  muria- 
tic acid  upon  it  till  it  becomes  of  a beautiful  blue  ; then 
wafli  it  with  water  and  dry  it. 

Different  explanations  were  given  of  the  nature  of 
this  precipitate  by  different  chemifts.  All  of  them  ac- 
knowledged that  it  contained  iron,  bilt  to  account  for 
the  colour  was  the  difficult  point.  Brown  and  Geof- 
froy,  and  Neumann,  difcovered  in  fucceffion,  that  a great 
many  other  animal  fubftances  befidcs  blood  communica- 
ted to  alkalies  the  property  of  forming  Pruffian  blue. 
Macquer  undertook  an  examination  of  this  fubftance, 
and  publiQied  the  refult  of  his  experiments  in  the  Me- 
moirs of  the  French  Academy  for  1752. 

He  obferved,  that  when  alkali  is  added  to  a folu- 
■tion  of  iron  in  any  acid,  the  iron  is  precipitated  of  a 
yellow  colour,  and  foluble  in  acids  ; but  if  iron  be  pre- 
cipitated from  an  acid  by  an  alkali  prepared  as  above 
defcribed,  by  calcination  with  blood  (which  has  been 
called  a Pri^an  alkali),  it  is  of  a green  colour.  Acids 
diffolve  only  a part  of  this  precipitate,  and  leave  behind 
an  infoluble  powder  which  is  of  an  intenfe  blue  colour. 
The  green  precipitate  therefore  is  compofed  of  two  dif- 
ferent fubfiances,  one  of  which  is  Pruffian  blue  ; the 
other,  as  he  afcertained  by  experiment,  is  the  brown  or 
yellow  oxyd  of  iron  ; and  the  green  colour  is  owing  to 
the  mixture  of  the  blue  and  yellow  fubfiances.  When 
heat  is  applied  to  the  infoluble  precipitate,  its  blue  co- 
lour is  deftroyed,  and  it  becomes  exadly  fimilar  to  com- 
mon oxyd  of  iron.  It  is  compofed  therefore  of  iron  and 
fome  other  fubfiance,  which  heat  has  the  property  of 
driving  off.  If  this  infoluble  precipitate  be  boiled  with  a 
very  pure  alkali,  it  lofes  its  blue  colour  alfo,  and  at  the 
fame  time  the  alkali  acquires  the  property  of  precipitat- 
ing of  a blue  colour  folutions  of  iron  in  acids,  or  it  has 
become  precifely  the  fame  with  the  Pruffian  alkali. 
Pruffian  blue,  therefore,  is  compofed  of  iron  and  fome- 
thing  which  a pure  alkali  can  feparate  from  it,  fome- 
thing  which  has  a greater  affinity  for  alkali  than  for 
iron.  By  boiling  a quantity  of  alkali  with  Pruffian  blue, 
it  may  be  completely  faturated  with  this  fomething, 
which  w'e  (hall  call  colouring  matter,  and  then  it  has  loft 
all  its  alkaline  properties.  No  acid  can  feparate  this  co- 
louring matter  from  ii'on  after  it  is  once  united  with 
it.  When  iron  diffolved  in  an  acid  is  mixed  with  an 
alkali  faturated  with  the  colouring  matter,  a double 
decompofition  takes  place,  the  acid  unites  with  the  al- 
kali, and  the  colouring  matter  with  the  iron,  and  forms 
Pruffian  blue.  The  realbn  that,  in  the  common  me- 
thod of  preparing  Pruffian  blue,  a quantity  of  yellow 
oxyd  is  precipitated,  is,  that  there  is  not  a fufficient 
quantity  of  colouring  matter  (for  the  alkali  is  never 
faturated  with  it)  to  faturate  all  the  iron  difplaced  by 
the  alkali;  a part  of  it  therefore  is  mixed  with  Pruffian 
blue.  Muriatic  acid  dKTolves  this  oxyd,  carries  it  off. 
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and  leaves  the  blue  in  a (late  of  purity.  Such  were  the  Pr  ic  ' 
conclufions  which  Macquer  drew  from  his  experiments  ; 
experiments  which  not  only  difcovered  the  compofition 
of  Pruffian  blue,  but  threw  a ray  of  light  on  the  nature  | 
of  affinities,  which  has  contributed  much  towards  the 
advancement  of  that  important  branch  of  chemiftry. 

The  nature  of  the  colouring  matter,  however,  was  1 
ftill  unknown.  Macquer  himfelf  fuppofed,  that  it  was  i 
pure  phlogitton  ; but  the  opinioiv  was  untenable.  He  ( 
had  (hewn  that  it  polTeifed  the  property  of  forming 
neutral  fairs,  and  therefore  Bergman  and  Morveaufuf- 
pedted  that  it  was  an  acid. 

Scheele  undertook  the  taflc  of  examining  its  nature,  ; 
and  publiihed  the  refult  of  his  experiments  in  the  Stock- 
holm Tranfadlions  for  1782. 

He  obferved,  that  the  Pruffian  alkali,  after  being  ex- 
pofed  for  fome  time  to  the  air,  loft  the  property  of  form- 
ing Pruffian  blue ; the  colouring  matter  mu  (I  therefore  ' 
have  left  it.  ^ 

He  put  a fmall  quantity  of  it  into  a large  glafs  globe.  Deco  . 
corked  it  up,  and  kept  it  fome  time ; but  no  change  fed  b | 
was  produced  either  in  the  air  or  the  Pruffian  alkali. 
Something  muft  therefore  difplace  the  colouring  matter 
when  the  alkali  is  expofed  to  the  open  air,  which  is 
not  prefent  in  a glafs  velTel.  Was  it  carbonic  acid  gas  ? 

To  afeertain  this,  he  put  a quantity  of  Pruffian  alkali 
into  a glafs  globe  filled  with  that  gas,  and  in  24  hours 
the  alkali  was  incapable  of  producing  Pruffian  blue. 

It  is  therefore  carbonic  acid  gas  which  diipiaces  the 
colouring  matter.  He  repeated  this  e.xperiment  with 
this  difference,  that  he  hung  in  the  globe  a bit  of  paper 
which  had  been  previoufly  dipped  into  a folution  of 
fulphat  of  iron,  and  on  which  he  had  let  fall  two  drops 
of  an  alkaline  lixivium,  in  order  to  precipitate  the  iron. 

This  paper  was  taken  out  in  two  hours,  and  became 
covered  with  a fine  blue  on  adding  a little  muriatic 
acid.  Carbonic  acid,  then,  has  the  property  of  feparat- 
ing  the  colouring  matter  from  alkali  without  decom- 
pofing  it.  ■ ^\ 

He  found  alfo  that  other  acids  produced  the  (ame  ef-  Thee  ir- 
fefl.  The  colouring  matter  then  may  be  obtained  per- ing  n er 
haps  in  a feparate  ftate.  He  accordingly  made  a num-  ‘‘ 
her  of  attempts  to  procure  it,  and  at  laft  difcovered  the 
following  procefs : He  boiled  together  for  fome  minutes 
two  ounces  of  Pruffian  blue  in  powder,  one  ounce  of 
the  red  oxyd  of  mercury,  and  fix  ounces  of  water ; thea 
paffed  the  whole  through  a filter,  and  wafiied  the  refi- 
duum  with  two  ounces  of  boiling  water.  The  oxyd  of 
mercury  has  a greater  affinity  for  the  colouring  matter 
than  the  oxyd  of  iron ; it  therefore  unites  with  it,  and 
forms  with  it  a fait  foluble  in  water.  The  iron  remains 
behind  upon  the  filter,  and  the  liquid  is  a folution  of  the 
colouring  matter  combined  with  mercury.  He  poured 
this  folution  upon  half  an  ounce  of  pure  iron-filings,  and 
added  at  the  fame  time  three  grains  of  fulphuric  acid. 

The  iron  feparates  the  oxygen  from  the  mercury,  in 
order  to  combine  with  the  fulphuric  acid  ; the  mercury 
is  precipitated  in  its  metallic  ftate,  and  leaves  behind  it 
a quantity  of  fulphat  of  iron  and  of  colouring  matter 
diifolved  in  water,  but  not  combined,  as  the  colouring 
matter  is  unable  to  feparate  the  iron  from  the  acid^.  * Bo  Ikh 

He  then  diftilled  in  a gentle  heat ; the  colouring  mat 
ter  came  over  by  the  time  that  one-fourth  (if  the  liquor 
had  pa(fed  into  the  receiver.  It  was  mixed,  however, 
v/ith  a fmall  quantity  of  fulphuric  acid ; from  which  he 

feparated 


P,:t  II. 


CHEMISTRY. 


•uffic 

cid. 


137 

Itsoifipo- 

paits. 


1 


• rm.  de 
C|».  xi. 


* hrthoUet, 
n.  dt 
i. 


||?\ 


feparated  it  by  diftilling  a fecond  time  over  a quantity 
of  carbonat  of  lime.  The  fulphuric  acid  combines 
with  the  lime  and  remains  behind,  which  the  colouring 
matter  cannot  do,  becaufe  carbonic  acid  has  a ftronger 
affinity  for  lime  than  it  has.  Thus  he  obtained  the 
colouring  matter  in  a ftate  of  purity. 

It  remained  now  to  difcover  its  component  parts. 
Reformed  a very  pure  Pruffian  blue,  which  he  diftilled, 
and  increafed  the  fire  till  the  velTel  became  red.  The 
fmall  quantity  of  water  which  he  had  put  into  the  re- 
ceiver contained  a portion  of  the  blue  colouring  matter 
and  of  ammonia;  and  the  air  of  the  receiver  confifted 
of  azot,  carbonic  acid  gas,  and  the  colouring  matter. 
He  concluded  from  this  experiment,  that  the  colouring 
matter  was  compofed  of  ammonia  and  carbon.  He 
mixed  together  equal  quantities  of  pounded  charcoal 
and  potafs,  put  the  mixture  into  a crucible,  and  kept  it 
red  hot  for  a quarter  of  an  hour : he  then  added  a quan- 
tity of  fal  ammoniac  in  fmall  pieces,  which  he  pulhed 
to  the  bottom  of  the  melted  mixture,  kept  it  in  the  fire 
for  two  minutes  till  it  had  ceafed  to  give  out  vapours 
of  ammonia,  and  then  threw  it  into  a quantity  of  water. 
The  folution  pofTeffed  all  the  properties  of  the  Pruffian 
alkali.  Thus  Mr  Scheele  fucceeded  informing  the  co- 
louring matter  ; and  it  was  confidered  as  proved  that 
it  was  compofed  of  ammonia  and  carbon. 

But  after  the  publication  of  Scheele’s  experiments, 
it  was  difcovered  that  ammonia  itfelf  is  compofed  of 
azot  and  hydrogen.  It  became  therefore  a queftion, 
whether  ammonia  entered  into  the  compofition  of  this 
fubftance,  or  merely  its  ingredients  ? whether  it  was 
compofed  of  ammonia  and  carbon,  or  of  azot,  hydro- 
gen, and  carbon  combined  in  a different  manner  ? This 
point  has  been  decided  by  the  following  experiments. 
Mr  Clouet  made  a quantity  of  ammoniacal  gas  pafs 
through  a red  hot  porcelain  tube  filled  with  charcoal, 
and  by  this  procefs  formed  a quantity  of  the  colouring 
matter.*  Here  the  temperature  was  fo  high,  that  the 
ammonia  muff  have  been  decompofed ; and  the  co- 
louring matter  cannot  be  formed  by  combining  am- 
monia and  charcoal  except  at  a temperature  equally 
high.  There  is  reafon  therefore  to  luppofe  that  the 
ammonia  is  decompofed.  When  oxy-muriatic  acid  is 
mixed  with  the  colouring  matter,  it  communicates  to  it 
a quantity  of  oxygen,  and  caufes  it  in  confequence  to 
affume  very  different  properties.  When  a fixed  alkali 
or  lime  is  added  to  it  in  this  flate,  it  is  immediately  de- 
compofed, and  converted  into  ammonia  and  carbonic 
acid  gas.  The  colouriag  matter  in  this  ftate  contains 
all  the  ingredients  neceffary  to  form  thefe  two  fubftan- 
ces,  namely,  azot,  hydrogen,  carbon,  oxygen ; but  in 
order  to  induce  the  ingredients  to  form  thefe  two  com- 
pounds, the  affiftance  of  an  alkali  or  lime  to  combine 
with  the  carbonic  acid  is  neceffary  ; juft  as  fulphur  com- 
bines more  eafily  with  oxygen  when  united  with  an  al- 
kali or  with  iron  than  when  feparate.* 

The  colouring  matter,  then,  which  we  fhall  hence- 
forth call  the  Prujfic  add,  is  compofed  of  azot,  hydro- 
gen, and  carbon ; but  the  proportions  of  thefe  ingre- 


dients have  not  yet  been  determined.  It  is  confidered 
as  an  acid,  though  the  prelence  of  oxygen  has  not  been 
proved,  becaufe  it  has  the  property  of  forming  neutral 
I'alts  with  the  fame  bafes  as  other  acids. 

The  Pruffic  acid  is  exceedingly  volatile,  and  evident- 
ly capable  of  exifting  in  a gafeous  ftate.  It  has  a pecu- 
liar odour,  not  difagreeable,  and  which  has  been  com- 
pared to  the  flowers  of  the  peach.  It  has  a fweetifh 
and  fomewhat  hot  tafte,  and  excites  cough  f. 

It  has  no  affinity  for  alumina  nor  for  alcohol :{;. 

This  fubftance  differs  exceedingly  in  its  adtion  from 
all  other  acids. 

It  is  capable  of  combining,  like  them,  with  earths, 
alkalies,  and  metallic  oxyds,  and  of  forming  compounds 
which  have  been  denominated  Prnjftais.  But  it  en- 
ters much  more  readily  into  triple  compounds  with  al- 
kalies or  earths,  and  metallic  oxyds,  than  into  combina- 
tions with  earths  or  alkalies  feparately  ; and  though  its 
affinity  appears  to  be  greater  for  alkalies  and  earths 
than  for  metallic  oxyds,  yet  when  In  a free  or  gafeous 
ftate  it  does  not  enter  into  combinations  with  earths  or 
alkalies  without  difficulty,  and  it  is  feparated  from  them 
much  more  eafily  than  from  metallic  oxyds.  Mere  ex- 
pofure  to  the  light  of  the  fun,  or  to  a heat  of  i io°,  is 
fufficient  for  that  purpofe. 

Its  affinities  are  fuppofed  to  be  as  follows  ; 

Potafs, 

Soda, 

Ammonia, 

Lime, 

Barytes, 

Magnefia, 

Oxyd  of  zinc, 

iron, 

manganefe, 

cobalt, 
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- nickel, 

• lead, 

• tin, 

- copper, 

- bifmuth, 

• antimony, 

• arfenic, 

■ filver, 

. mercury, 

■ gold» 

■ platinum  (y). 


Sect.  XXIX.  Of  Formic  Acid. 
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In  the  15th  century  feveral  botanifts  obferved  with  Difcovery 
aftonifhment,  that  the  flower  of  fuccory,  when  thrown  formic 
Into  an  ant-hill,  became  as  red  as  blood  : But  it  was 
Mr  S.  Fifher  who  fir  ft  difcovered  that  ants  poffeffed  a 
peculiar  acid,  which  he  obtained  by  diftilling  thefe  ani- 
mals. His  experiments  were  publifhed  in  the  Philofo- 
phical  Tranfadions  for  1670.  Though  Hoffman  after- 
wards repeated  his  procefs,  little  was  known  concerning 
the  nature  of  this  acid  till  Margraf  undertook  its  exa- 
mination. 


(y)  We  fufped  that  this  is  not  the  real  order  of  the  affinities  of  this  acid  ; the  metallic  oxyds  ought  proba- 
bly to, be  placed  before  the  alkalies  and  earths,  and  the  metallic  Pruffiats  ought  to  occupy  the  place  which  is 
at  prefent  filled  by  the  metallic  oxyds.  The  reafons  for  this  conjedure  will  appear  afterwards.  See  Part  III. 
chap,  ii,  fed.  23.  of  this  article. 
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inination,  Siu!  lits  experiments  In  the  Berlin 

Memoirs  for  i/49. 

The  fpecies  of  aiifs  from  which  the  formic  acid  is 
obtained  is  the  formica  rtifa,  which  refide  moft  com- 
monly in  woodsj  or  at  leall;  in  elevated  and  dry  places. 
They  have  been  found  to  contain  the  greateft  quantity 
of  acid  in  the  months  of  June  and  July.  If  at  that 
feafjn  one  of  thefe  animals  be  prdfed  upon  paper  tin- 
ged with  turnfole,  it  changes  the  colour  of  It  to  a mofl 
lively  red  ; they  even  fometimes  ttain  it  merely  by 
crawling  over  it. 

Tlieie  are  two  methods  of  obtaining  the  formic  acid, 
dillillaiion  and  lixiviation. 

Wlien  the  firft  method  is  to  be  employed,  the  ants 
are  to  be  wafhed  clean,  dried  with  a gentle  heat,  put 
into  a retort,  and  diftilled  with  a moderate  heat,  gra^- 
dually  increafed  till  all  the  acid  has  come  over.  It  is 
mixed  with  an  empyreumatic  oil,  from  which  it  is  fe- 
parated  by  palhng  it  through  a ftrainer  pfevioufly  moi- 
Itened  with  water.  By  this  procefs  MeiTfs  ArdvilTon 
and  Oehrn  obtained  from  a pound  of  ants  7J  ounce's 
of  acid,  the  fpecific  gravity  of  which,  at  the  tempera- 
ture of  60",  was  1, 0075. Morveau  obtained  from 
49  ounces  of  ants  23  ounces  of  pretty  ftrong  acid  f. 
Margraf  added  a quantity  of  water,  but  it  is  evident 
that  this  ferves  merely  to  weaken  the  acid. 

When  the  other  method  is  preferred,  the  ants  are  to 
be  waihed  in  cold  water,  put  upon  a clean  linen  cloth, 
and  boiling  water  poured  on  them  repeatedly  till  it  can 
extrad  no  more  acid,  'fhe  linen  is  then  to  be  fqueezed, 
and  the  feveral  liquors  mixed  and  filtrated.  This  me- 
thod was  firft  ufed  by  ArdvilTon  and  Oehrn  : they  ob- 
tained from  a pound  of  ants  an  acid  liquor  which  had 
more  fpecific  gravity  than  common  vinegar.  It  is  to 
be  purified  from  the  oil  which  adheres  to  it  by  repeated 
diftillations.  After  four  diftillations  the  empyreumatic 
oil  ftill  manifefts  its  prefence  by  its  fmell,  but  this  fmell 
vanilhes  if  the  acid  be  expofed  for  fome  time  to  the  air ; 
a quantity  of  elTential  oil,  however^  ftill  remains,  which 
cannot  be  feparated.  The  fpecific  gravity  of  the  acid 
thus  redtified  is  1,001 1 J. 

Hermftadt  employed  a third  method.  He  exprefted 
the  juice  of  dry  ants,  and  by  this  means  obtained  from 
2 lbs.  of  thefe  animals  21  oz.  2 dr.  of  juice,  which  on 
diftillation  yielded  a clear  pure  acid,  equal  in  ftrength 
to  very  concentrated  vinegar.* 

This  acid  feems  to  be  capable  of  affuming  a gafeous 
form;  at  leaft  Hermftadt  obferved,  that  when  he  put 
fome  of  it  into  a bottle  with  a glaft  ftepper,  the  ftop- 
per  was  frequently  raifed  by  an  elaftic  fluid  making 
its  efcape,  and  that  after  fome  days  it  had  loft  its 
fmell  f.  When  this  acid  is  boiled  with  nitric  acid,  a 
gas  is  extricated,  which  renders  lime  water  tUrbid,  and 
has  a very  pungent  odour  f . 

This  acid  has  a ftrOng  but  not  unpTeafant  fmell,  a 
cauftic  tafte,  and  when  much  diluted  a pleafant  aci- 
dity. When  moft  concentrated,  its  fpecific  gravity 
is  1,0453 . . . 

One  part  of  this  acid,  mixed  with  75  parts  of  water, 
gives  a faint  red  to  fyrup  of  violets ; mixed  with  430 
parts  of  water,  it  reddens  paper  coloured  with  turn- 
ible ; mixed  with  1300  parts  of  water,  it  produces  no 
effe<ft  on  the  infufion  of  tarnfole:|;.  It  mixes  readily 
with  alcohol. 

It  unites  readily  with  the  other  acids.  When  boiled 
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with  fulphuric  acid,,  it  beconhes  black.  White  acrid  va-  Sd  c 
pours  rife  when  the  mixture  becomes  hot ; ani4  when  it  4 
boils,  a gas  rifes  which  unites  with  difficulty  to’  water 
and  lime-water  ; the  formic  acid  is  again  obtained,  but 
its  quantity  is  diminifhed  p.  § Ui 

Nitric  acid  decornpofes  it  altogether,  and  is  itfelf 
converted  into  nitrous  acid.  Muriatic  acid  does  not  al- 
ter it.  Oxy-muriatic  adls  like  nitric  acid.*  * tlAx 

Its  compounds  are  called  formiats.  5 

Its  affinities  are  the  fame  with  thefe  given  above  for 
the  Pruffic  acid. 


Sect.  XXX.  Of  Sebac'.c  Acid. 

Chemists  had  long  fufpefled  that  an  acid  could  be 
obtained  from  tallow,  on  account  of  the  acrid  nature 
of  the  fumes  which  it  emitted  at  a high  temperature  ; 
but  It  was  M.  Grutzmacher  who  firft  dembhftfated  this 
acid  in  a dilTertation  De  OJjtum  Medulla,  puBliflied  in 
1748:};.  M.  Rhodes  mentioned  it  in  1753,  and  Segner 
publiflied  a diflertation  on  it  in  1754,  and  Crell  exa- 
mined its  properties  very  fully  in  two  diflertations  pub- 
liflied in  the  Phil.  Tranf.  for  1780  and  1782.  It  was 
called  at  firft  acid  of  fat,  and  afterwards  fehacic  acid. 

It  may  be  procured  by  heating  together  a mixture 
of  fuet  and  lime.  Sebat  of  lime  is  formed,  which  may 
be  purified  by  fblution  in  water.  It  is  then  to  be  put 
into  a retort,  and  fulphuric  acid  poured  on  it.  Sebacic 
acid  pafles  over  on  the  application  of  heat. 

Sebacic  acid  has  an  acid,  fliarp,  bitterifii  tafte,  and  a 
very  pungent  fmell.  It  reddens  tindture  of  litmus. 

Heat  caufes  it  to  aflume  a yellow  colour. 

It  oxydates  filver,  mercury,  copper,  iron,  lead,  tin, 
zinc,  antimony,  manganefe. 

It  does  not  adt  upon  bifmuth,  cobalt,  nickel.  When 
mixed  with  nitric  acid  It  diflblves  gold. 

Its  compounds  are  called  fehats. 

Its  affinities,  according  to  Morveau,  are  as  follows  : 
Barytes, 

Potafs, 

Soda, 

Lime, 

Magnefia, 

Ammonia, 

Alumina, 

Jargoniaf, 

Oxyd  of  zinc, 

manganefe, 


povn  ind 
aflini 


Difci  y 
of  f«  . 


aci< 


1 


Its  p: 
ties. 


5 

Com 
poun 
and : 
nkic! 


■iron, 

■lead, 

■ tin, 

■ cobalt, 

■ copper, 

■ nickel, 

■ arfenic, 

■ bifmuth, 

• mercury, 

■ antimony, 
- filver, 


f Fa.  /«, 
Ann. 
Chim  -it. 
2o8^  8) 


Sect.  XXX.  Of  Bomhyc  Acid.  ^ 

Mr  Boissier  de  Sauvages  obferved,  that  the  juice 
of  the  filkworm,  in  the  difeafe  called  in  France  tmfca- 
dine,  was  acid ; and  Chauffier  remarked,  that  the  filk- 
worm, after  being  converted  into  a butterfly,  gives  out 
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make  an  integrant  of  any  fubftance.  Water,  for  in- 
ftance,  confilis  of  oxygen  and  hydrogen  ; but  when  we 
fpeak  of  a particle  of  water,  we  do  not  mean  the  oxy- 
gen or  the  hydrogen  feparately,  but  the  fmalleft  pofli- 
V)le  quantity  of  thefe  combined  in  fuch  a manner  as  to 
form  water.  It  is  the  integrant  particles  of  bodies  which 
are  united  by  affinity.  Thus  fulphuric  acid  is  ccmpof- 
ed  of  fulphur  and  oxygen  combined  together  ; and 
ammonia,  of  hydrogen  and  azot  combined  in  the  fame 
manner.  Now  when  fulphuric  acid  and  ammonia  com- 
bine, It  is  not  their  elements,  fulphur,  oxygen,  azot,  and 
hydrogen,  which  unite  together,  particle  with  parti- 
cle, but  the  particles  of  the  acid  and  the  alkali  as  in- 
tegrants. This  is  evident ; becaufe  if  thefe  fubftances 
be  feparated  from  each  other  by  means  of  a ftronger  af- 
finity, they  are  found  precifely  in  the  fame  ftate  as  be- 
fore they  entered  into  combination. — When  the  fub- 
llances  which  combine  are  fimple,  the  ultimate  and  in- 
tegrant particles  are  the  fame ; But  we  are  not  certain 
that  any  of  the  bodies  with  which  we  are  acquainted 
is  fimple,  in  the  ftridt  and  proper  fenfe  of  the  word. 

2.  What  is  this  ajlnity  which  unites  bodies  together  ? 
The  older  chemifis  thought  that  all  folvents,  or  fub- 
ftances capable  of  diflolving  others,  w'ere  compofed  of 
particles  which  had  the  form  of  wedges  or  hooks  ; that 
iblution  confifted  in  the  infinuation  of  thefe  wedges  or 
hooks  between  the  particles  of  the  bodies  to  be  dilfolv- 
ed ; and  that  chemical  combination  was  merely  the 
linking  of  the  difFerent  particles  together  by  means  of 
holes  in  one  fet  of  particles,  into  v/hich  the  hooks  or  the 
w'edges  of  the  other  fet  were  thruft.  Such  explanations, 
abfurd  as  they  may  appear,  were  faffiionable  among  che- 
mical philofophers  till  the  days  of  Sir  Ifiiac  Newton, 
who  firft  afcribed  the  chemical  union  of  bodies  to  an 
attreBion  between  the  particles  themfelves.  This  ex- 
planation, atter  a violent  ftruggle  on  the  part  of  the 
chemifts,  has  been  at  laft  unanimonfly  adopted. 

Affinity,  then,  is  an  attraBlon  between  the  particles 
of  different  bodies,  by  which  they  are  dramm  towards 
one  another,  and  kept  united.  This  we  take  for  grant- 
ed, and  cunfider  as  a faB,  without  pretending  to  ex- 
plain how  they  come  to  be  poffeffed  of  this  power,  or 
how  they  exert  it;  both  of  which  are  evidently  beyond 
the  reach  of  the  human  underllanding. 

But  though  we  cannot  difeover  the  manner  in  which 
affinity  afts,  we  can  fee,  at  leaft,  that  it  follows  certain 
laws,  and  that  they  are  invariable  ; for  fimilar  pheno- 
mena always  occur  when  the  circumftances  are  the  fame. 
Now  what  are  the  laws  which  affinity  follows  ? There 
is  a fpecies  of  attradlion  which  matter  poffeffes,  called 
gravitation,  the  laws  of  which  were  inveftigated  by  Sir 
Ifaac  Newton.  Is  affinity  the  fame  with  gravitation, 
or  does  it  follow  different  laws  ? 

Upon  a flight  view  of  thefe  two  attradions,  their 
phenomena  appear  very  differnt.  Gravitation  ads  at 
very  great  diftances  ; affinity  not  until  the  bodies  are 
mixed  together ; Gravitation  ads  on  the  whole  mafs  ; 
affinity  only  on  the  particles  : Bodies  gravitate  to  one 
another  diredly  as  their  maffes,  and  inverfely  as  the 
fquares  of  their  diftances.  But  how  can  affinity  follow 
thefe  laws,  when  it  does  not  ad  till  the  bodies  are  ap- 


parently in  contad  ? or  fuppofing  that  it  does  ad,  how 
can  they  account  for  the  phenomena  of  affinity?  If 
barytes  be  prefented  to  a compound  of  fulphuric  acid 
and  potafs,  the  acid  immediately  leaves  the  alkali  and 
combines  with  the  earth  r But  had  gravitation  been 
the  only  power  ading,  ought  not  the  barytes  to  have 
united  with  the  fulphat  of  potafs  without  producing 
any  decompofition  ? 

Thefe  ftriking  differences  have  convinced  many  phi- 
lofophers, as  they  feem  to  have  done  Newton  himfelf, 
that  gravitation  and  affinity  are  different  fpecies  of  at- 
tradion.  Let  us  not,  however,  embrace  this  conclu- 
fion  vaguely,  or  without  affixing  a precife  meaning  to 
our  words. 

Gravitation  and  chemical  affinity  are  faid  to  be  diffe- 
rent fpecies  of  attradion.  But  what  is  attradion  ? It  is 
merely  a general  fa£l,  or  that  tendency  which  is  olferved 
among  all  the  portions  of  matter  towards  each  other, 
but  which  exhibits  very  different  appearances  under  dif- 
ferent circumftances.  The  tendency  of  matter  towards 
matter  at  fenfible  diftances  is  called  gravitation,  and  its 
laws  have  been  completely  inveftigated;  but  neither 
that  tendency,  nor  thefe  laws,  have  been,  or  can  be, 
fliewn  to  be  ejfential  to  the  exiftence  of  matter.  Chemi- 
cal affinityis  the  tendency  of  particles  towards  each  other 
at  infenjible  diftances,  or  when  thefe  particles  are  mixed 
together ; and  this  tendency  appears  to  be  regulated 
by  laws  different  from  thofe  of  gravitation.  Like  gra. 
vitation.  It  is  merely  an  olferved  faEl ; and  however 
different  thefe  fads  may  appear  to  be,  they  are  pro- 
bably both  brought  about  by  the  fame  forces.  It  is  in- 
deed true,  that  gravitation  is  diredly  as  the  maffes  of 
matter,  and  inverfely  as  the  fquares  of  the  diftances  of 
thefe  maffes ; while  the  attradion,  which  is  called  che^ 
micat afjintty , feems  to  obferve  very  different  rules.  But 
we  have  ihewn  elfewhere  (fee  Optics,  n°  62 — 68,  En» 
cycL',  and  Eoscovich  in  this  SuppL),  that  the  fame 
forces  repel  at  one  diftance  and  attrad  at  another  ; and 
that  they  may  produce  all  the  various  phenomena  of 
chemical  affinity. 

The  difficulties  to  be  accounted  for  In  chemical  af- 
finities are  their  intenfity,  their  different  degrees  of 
ftrength,  and  their  being  eledive,  or,  vhich  is  the  fame 
thing,  the  capacity  which  one  body  has  of  difplacing 
another. 

How  come  affinities,  it  may  be  afked,  to  differ  in  in- 
tenfity ? Perhaps  we  might  with  propriety  refer  this 
querift  to  the  ftudy  of  Bofeovich’s  curve;  but  as  our 
modern  chemifts  are  not  generally  verfant  in  fuch  ftu- 
dies,  we  beg  leave  to  obferve,  in  this  place,  that  we  have 
no  proof  whatever  of  abfolute  coiitad  between  bodies. 
On  the  contrary,  it  is  highly  probable,  we  had  almolt 
faid  demonftrable,  that  particles  are  in  every  inftance  at 
fome  diftance  from  one  another.  For,  on  the  fuppofi- 
tion  that  two  bodies  were  in  adual  contad,  their  attrac- 
tion for  each  other  would  not  only  be  as  great  as  pof- 
fible,  but  as  great  as  the  attradion  of  any  other  body 
for  either  of  them  could  pojftlly  be  : Confequently,  it 
neceffarily  follow'^s,  that,  fince  bodies  chemically  com- 
bined can  be  feparated,  they  are  not  in  adual  contad  (a); 
but  if  they  are  not  in  contad,  their  diftance  from  one 
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(a)  Perhaps  the  following  deraonftration,  which  we  borrow  from  the  ingenious  Mr  Brougham,  will  render 
Plate  this  more  evident.  In  fig.  7.  let  the  body  A have  for  P an  attradion  which  at  the  diftance  of  AP  is  propor- 
XYiii.  tional 
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Aiiity-  another  may  vary  in  different  cafes,  and  the  force 
of  affinity  will  vary  with  the  diftance.  Here  then 
is  a reafon  why  the  affinity  of  different  bodies  va- 
ries in  ftrength.  Sulphuric  acid,  for  inftance,  has  a 
ftronger  affinity  for  barytes  than  for  lime  ; becaufe  when 
the  combinations  are  formed,  the  diftance  between  the 
acid  and  barytes  is  not  fo  great  as  that  between  the 
acid  and  lime. 

But  w'hy  do  the  diftances  differ?  If  affinity  be  the 
fame  with  gravitation  it  muft  tend  to  bring  the  particles 
nearer  one  another  : and  what  then  prevents  the  lime 
from  approaching  as  near  the  acid  as  the  barytes  does  ? 
We  reply,  thejigure  of  its  particles.  This  anfwer  was 
firft  given  to  the  queftion  by  Buffon,  and  it  is  fully  ade- 
quate to  folve  the  difficulty.  The  particles  of  bodies, 
indeed,  are  a great  deal  too  minute  for  us  to  difcover 
/ their  figure  by  actual  infpedion  ; but  the  phenomena 
1 of  cryftallization  ffiow  us  that  this  difference  adually 
*€xifts. 

* The  cryftals  of  every  body  affume  a peculiar  figure. 
Now  as  thefe  cryftals  are  all  formed  in  the  fame  man- 
ner, and  by  the  fame  law,  it  is  impoffible  to  conceive 
any  other  reafon  for  .their  variety,  but  the  difference  in 
the  form  of  the  particles  which  compofe  them. 

But  why  does  one  body  difplace  another  ? When  a 
particle  of  barytes  is  brought  within  a certain  diftance 
of  a particle  of  fulphuric  acid  and  lime  combined  toge- 
ther, affinity  adls,  and  draws  them  nearer  to  one  ano- 
ther ; and  the  barytes,  from  its  figure,  approaches  near- 
er the  acid  than  the  lime  could,  and  forms  with  it  a 
compound,  the  figure  of  which  isfuch,  relatively  to  that 
of  the  lime,  that  they  cannot  approach  within  a fmall 
enough  diftance  of  each  other  to  countera<ft  the  attrac- 
tion of  the  earth.  Accordingly,  no  compound  is  form- 
ed ; for  all  that  is  meant  by  two  particles  having  form- 
ed a compound  is,  that  their  attradfion  for  each  other 
is  greater  than  the  attradlion  of  the  furrounding  bodies 
58  for  either. 

Having  thus  feen  that  none  of  the  phenomena  of  af- 
|utly  it  Jiniiy  are  inconllftent  with  their  refulting  from  the  for- 
lujt  to  be  ces  which  bring  about  the  phenomena  of  gravitation, 
joidered  have  a right  to  conclude  that  it  is  at  lead  highly 
' probable,  that  all  the  motions  of  the  corporeal  world  are 
produced  by  the  fame  power  which,  though  not  elTen- 
tial  to  matter,  was  imprelfed  upon  every  atom  of  it  by 
the  Great  Creator  when  he  formed  this  univerfe  ; and 
that  as  the  effedts  of  this  power  are  modified  according 
to  the  fituation  of  the  bodies  on  which  it  adfs,  they  are 
known  by  the  different  names  of  gravity,  adhejion,  co- 
hejion,  and  affinity. 

Gravity  is  the  attradfion  between  bodies  fo  diftant, 
that  the  maffes  alone  influence  the  refult,  and  that  the 
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power  may  be  confidered  as  placed  in  the  centre  of  the 
attradling  bodies. 

Adhtsion  fuppofes  a diftance  too  fmall  for  our 
fenfes.  It  has  been  demonftrated  to  be  proportional  to 
the  number  of  touching  points,  which  depends  upon 
the  figure  of  the  particles  that  form  the  bodies. 

Cohesion  takes  place  only  between  particles  of  the 
fame  nature.  Thefe,  inftead  of  touching  only  in  one 
fuperficies,  as  in  adhefion,  touch  in  every  point  where 
their  figure  will  allow  contadt : confequently  the  force 
of  cohefion  alfo  muft  depend  upon  the  figure  of  the 
particles. 

Affinity  unites  bodies  of  a different  nature,  not 
merely  by  one  fuperficies,  as  adhefion  does,  but  particle 
to  particle,  like  cohefon  ; and  the  moft  perfedi:  contadl  is 
formed  that  the  figure  of  the  particles  will  admit. 
Therefore,  in  this  cafe  alfo,  the  intenfity  depends  upon 
the  figure  of  the  particles.  559 

3.  If  we  make  the  attempt,  we  (hall  find  that  water  Saturation 
will  not  diflblve  any  quantity  of  common  fait  that  we  explained, 
pleafe.  Water  which  refufes  to  take  up  any  more  is 
faid  to  be  faturaied  with  fait.  Neither  can  we  combine 
any  quantity  of  potafs  with  a given  portion  of  fulphu- 
ric acid  : we  may  add  as  much  of  it  as  we  pleafe,  in- 
deed ; but  if  we  evaporate  the  liquid,  in  order  to  ob- 
tain the  fait  in  cryftals,  we  ftiall  find  that  only  part  of 
the  potafs  has  united  with  the  acid,  and  that  the  reft  has 
cryftallized  feparately.  From  thefe  examples,  it  muft 
appear  evident,  that  bodies  combine  with  one  another 
by  affinity,  only  in  certain  proportions ; or,  which  is 
the  fame  thing,  that  a determined  number  of  parti- 
cles of  each  of  the  ingredients  goes  to  the  formation 
of  an  integrant  particle  of  the  compound,  and  that  into 
this  integrant  no  additional  particles  of  either  ingredient 
can  be  admitted.  Let  us  fuppofe,  for  inftance,  that  the 
particles  of  fulphuric  acid  are  tetrahedrons,  and  that 
the  particles  ot  potafs  are  of  fuch  a form,  that  one  of 
them  can  attach  itfelf  to  each  of  the  fides  of  the  acid 
particle  ; In  that  cafe,  an  integrant  particle  of  fulphat 
of  potafs  would  be  compofed  of  five  particles,  one  of 
acid  and  four  of  alkali  ; for  it  is  evident,  that  juft  four 
particles  of  potafs  w’ould  combine  with  every  particle 
of  acid,  and  that  the  acid  would  then  be  faturaced,  or, 
wliich  is  the  fame  thing,  would  be  incapable  of  recei- 
ving anymore  alkaline  p.arcicles  into  combination  with 
it.  Let  us  fuppofe,  now,  that  there  is  juft  as  much  pot- 
afs as  faturates  the  acid  ; if  more  acid  be  poured  in,  it 
cannot  enter  into  combination  with  the  potafs,  becaufe 
all  the  potafs  is  already  combined  with  acid. 

Thus  it  appears  evident,  from  the  nature  of  affinity, 
that  the  ingredients  in  every  combination  muft  mutual- 
ly faturate  each  other,  and  that  no  more  of  either  can 
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tional  to  PM  ; then  let  P move  towards  A,  fo  as  to  come  to  the  fituation  P',  and  let  the  attradfion  here  beP'M'; 
as  it  is  continual  during  the  motion  of  P to  P',  M'M'  is  a curve  line.  Now  in  the  cafe  of  the  attradfion 
of  bodies  for  one  another,  PM  is  lefs  than  P'M'  ; and  confequently  MM'  does  not  ever  return  into  itfelf, 
and  therefore  it  muft  go  ad  infnitum,  having  its  arc  between  AB  and  AC,  to  which  it  approaches  as 
afymptotes,  the  abfeiffa  always  reprefenting  the  diftance,  and  the  ordinate  the  attradfion  at  that  diftance.  Let 
P'  now  continue  its  motion  to  P''  and  M'  will  move  M";  and  if  P"  meets  A,  or  the  bodies  come  into  perfedi 
contadf,  P"M'  will  be  infinite  ; fo  that  the  attradfion  being  changed  into  cohefion  will  be  infinite,  and  the 
bodies  infeparable,  contrary  to  nniverfal  experience  3 fo  that  P can  never  come  nearer  to  A than  a given  di- 
ftance. Nicholfon's  Journal,  I.  555. 
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100  parts  of  potafs  require  78,5  Sulphuric  acid, 

64  Nitric  j 
51,5  Muriatic, 

42  Carbonic, 

100  parts  of  foda  - - 177  Sulphuric, 

135,5  Nitric,^ 

1 25  Muriatic, 

80  Carbonic. 


ted  by  Morveauf , evidently  refolves  itfelf  into  the  two 
following  ; 

1.  A bafe  requires  the  more  of  an  acid  for  faturation 
the  Jltonger  its  affinity  for  that  acid  is. 

2.  An  acid  requires  the  more  of  any  bafe  for  fatura- 
tion the  greater  affinity  it  has  for  that  bafe. 

In  order  to  judge  of  the  truth  of  the  firft  of  thefe 
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propofitions,  let  us  examine  the  following  table,  drawn 
This  propofition,  which  has  been  admirably  illuftra-  up  from  the  experiments  of  Bergman,  Wenzel,  and 

Kirwan. 


100  parts  of 

I 

Sulphuric. 

lERGMAN. 

Nitric. 

Muriatic. 

Sulphuric. 

iVENZEL. 

Nitric. 

Muriatic. 

Sulphuric. 

Kirwan. 

Nitric. 

Muriatic. 

Barytes 

I5i4 

30.8 

Potafs 

78,6 

64 

51.5 

00 

107.7 

54 

81,8 

87,1 

78,2 

Soda 

175 

135.5 

125 

125,8 

166,6 

83 

129,4 

136,1 

114,2 

Lime 

H3.7 

134=4 

70.45 

147.74 

195,6 

103,6 

141 

180 

86 

Magnefia 

173167 

159,25 

82,92 

181,8 

257.15 

1 22,27 

170.5 

255 

104,275 

Ammonia 

142,42 

201,22 

96,25 

187,5 

233 

1 16 

Alumina 

21  i,i  I 

220,2 

77.7 

68,7 

38,6 

t uvcl. 
i&htd. 
w.i.591. 
* \im. 
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It  is  evident  at  firft  fight,  that  Bergman’s  experi- 
ments correfpond  exadtly  with  the  propofition.  To 
Saturate,  according  to  him,  100  parts  of  potafs,  re- 
quires 78,6  of  fulphuric  acid,  64  of  nitric,  and  51,5  of 
muriatic  acid.  There  is  only  one  deviation  from  the 
propofition  in  the  whole  table,  and  this  regards  bary- 
tes, which,  according  to  him,  is  faturated  with  15,4  of 
fulphuric  and  30,8  of  muriatic  acid.  But  Mr  Morveau 
has  (hewn,  by  feveral  accurate  experiments,  that  bary- 
tes requires  much  more  fulphuric  acid  for  faturation 
than  Bergman  fuppofed^.  And  Klaproth  has  fhewn, 
that  100  parts  of  barytes  require  49,2  of  ftrong  fulphuric 
acid  for  faturation*.  And  Dr  Withering’s  calculationf 
agrees  almoft  exaftly  with  this  ; nor  does  that  of  Four- 
croy  differ  much  from  itj.  Inftead  of  15,4  of  fulphu- 
ric acid,  therefore,  which,  according  to  Bergman,  are 
neceffary  to  faturate  100  of  barytes,  it  fhould  be  42,8. 

The  firft  and  laft  columns  of  Wenzel  and  Kirwan’s 
experiments  agree  equally  well  with  the  propofition, 
but  the  fecond  deviates  from  it  completely.  Wenzel 
probably  might  have  been  mifled  by  the  manner  of  per- 
forming his  experiments ; but  the  fame  objeSion  does 
not  feem  to  lie  againft  thofe  of  Kirwan. 

It  can  fcarcely  be  doubted,  however,  to  whatever 
caufe  the  error  is  to  be  imputed,  that  the  numbers  in 
the  fecond  column  of  Mr  Kirwan’s  table  are  too  large. 
The  following  experiment  of  Morveau  is  fufficient  to 
Ihew  this. 

I According  to  Mr  Kirwan’s  experi.ments,  the  propor- 
tions of  acid  and  alkali  in  the  four  following  falts  are 
as  under : 

: Sulphat  of  potaft 

, SuPPL.  VoL.  1. 


Acid 

100 

Lime 

80,6 

Acid 

100 

Potafs 

83.33 

Acid 

100 

Lime 

34.4 

Sulphat  of  lime 
Nitrat  of  potafs 
Nitrat  of  lime 

Now  when  fulphat  of  potafs  and  nitrat  of  lime  are 
mixed  together,  a double  decompofition  takes  place,  and 
fulphat  of  lime  and  nitrat  of  potafs  are  formed.  Let 
thefe  two  falts  be  mixed  together ; let  the  quantity  of 
fulphat  of  potafs  be  fuch,  that  the  acid  contained  in  it 
amounts  to  100;  and  let  a more  than  fufficient  quan- 
tity of  nitrat  of  lime  be  added,  to  faturate  the  fulphuric 
acid  with  lime.  It  is  evident  that  for  that  purpofe  80,6 
of  lime  muft  be  prefent ; and  the  quantity  of  nitric  acid 
combined  with  thefe  80,6  muft  be  234,4.  This  quan- 
tity would  require  for  faturation  195,32  of  potafs,  but 
there  are  only  108,7  ^he  mixture  ; confequently 
there  ought  to  exift  in  the  mixture,  after  the  mutual 
decompofition  of  the  falts,  64,87  of  nitric  acid  in  a ftate 
of  liberty.  Such  would  be  the  refult,  provided  Mr  Kir- 
wan’s numbers  were  accurate ; but  the  fad  is,  that  no 
fuch  excels  of  acid  exifts  in  the  mixture*  ; and  confe-  * Ann.  de 
quently  the  quantity  of  nitric  acid  contained  in  nitrat  of  Chim.  xxv. 
lime  is  ftated  too  high  by  Mr  Kirwan.  Although  *95- 
therefore  Mr  Kirwan’s  tables  do  not  coincide  with  the 
propofition  which  we  are  confidering,  this  is  not  to  be 
confidered  as  a proof  of  its  falfehood  ; as  there  is  rea- 
fon,  from  the  experiment  above  defcribed,  to  fufpect 
fome  error  in  the  data  from  w'hich  Mr  Kirwan  calculat- 
ed the  ftrength  of  the  acids. 

The  trutii  of  the  fecond  propofition  may  be  judged 
of  by  the  following  tables  : 
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ty.  Table  II.  Raixos  of  the  j^ffiniiy  of  three  Acids  for  the  fubjeft,  for  the  candour  which  he  has  dhplaycd', 


.T9  9 

AfTijiity. 


fx  Bajes. 


bulp.  acid 

Nitr.  acia 

Mur.  acid 

Barytes 

100,00 

90,42 

74.54 

Potafs 

100,00 

79,01 

65.30 

Soda 

100,00 

80,03 

62.35 

Lime 

I0P,00 

92,24 

60,05 

Magnefia 

100,00 

9°’34 

59,68 

1 Ammonia 

100,00 

90,02 

62,77 

and  for  the  new  route  which  he  has  opened  to  the  ch 
mical  philofopher.  Though  this  problem  has  not  hi- 
therto been  folved,  and  though  the  difficulties  which 
furround  it  are  almoll  infurmountable,  we  may  hope 
much  from  the  general  fenfe  w'hich  is  at  prefen t enter- 
tained of  its  importance,  and  from  the  zeal  and  abilities 
of  thofe  philofophers  who  have  particularly  turned  their 
attention  to  it. 

In  the  mean  time,  the  following  table  of  the  firength 
of  affinities  by  Morveau,  though  the  numbers  be  arbi- 
trary, will  be  found  of  very  great  ufef. 


Table  III.  Affinity  letnveen  three  Acids  and  fx  Bafes 
in  Ahfotute  Numbers. 


Sulp.  acid 

Nitr.  acid 

Mur.  acid 

Barytes 

LOOOO 

9042 

7454 

Potafs 

5285 

4537 

3794 

Soda 

3373 

2969 

2419 

Lime 

2927 

2653 

2*43 

Magnefia 

2434 

2193 

1786 

Ammonia 

2112 

1763 

1515 

Sulph. 

acid. 

Nitric 

acid. 

Muriat 

acid. 

Acet.  Carbo. 
acid,  j acid. 

1 

Barytes 

66 

62 

36 

28 

14 

Potafs 

62 

58 

32 

26 

9 

Soda 

58 

50 

3* 

25 

8 

Lime 

54 

44 

24 

*9 

12 

Ammonia 

46 

38 

2 1 

20 

4 

Magnefia 

50 

40 

22 

*7 

6 

Alumina 

40  - 

36 

' 18  ' 15 

2(d) 

Encyci. 

Method. 

Chjm.'t.’l'! 

sn 

Morveau’s 
table  <if 
aflinity. 


On  the  fuppofition  that  the  two  propofitions  men- 
tioned above  were  ftridly  true,  and  that  the  numbers 
which  we  fixed  upon  were  precifely  the  quantities  of 
acid  and  bafe  neceffary  to  faturate  each  other  recipro- 
cally, this  laft  table  would  reprefent  accurately  in  num- 
bers the  ftrength  of  the  affinities  of  the  three  acids  for 
each  of  the  fix  bafes  refpedtively. 

We  muft  acknowledge,  however,  that  the  truth  of 
thefe  propofitions  has  not  hitherto  by  any  means  been 
fufficienrly  proved ; but  a great  number  of  fadts  concur 
to  render  them  exceedingly  probable,  and  highly  wor- 
thy of  the  attention  of  chemical  philofophers.  And  we 
hope  that  the  method  propofed  by  Morveau,  and  which 
had  been  previoufly  pradtifed  by  Richter,  of  verifying 
theoretical  calculations  of  the  compofition  of  the  falls, 
by  mixing  together  two  felts  which  mutually  decom- 
pofe  each  other,  and  afeertaining  whether  the  refult 
correfponds  with  calculation,  will  be  followed  out,  and 
that  it  will  be  the  means  of  enfuring  more  accuracy 
than  it  has  hitherto  been  poffible  to  obtain. 

No  one  will  fufpedt  that  any  thing  which  has  here 
been  faid  is  meant  as  a refledlion  on  the  ingenious  che- 
mifts  who  have  attempted  to  folve  this  moft  difficult  of 
all  chemical  problems^the  proportion  of  the  ingredients 
which  enter  into  the  compofition  of  the  felts.  Mr  Kir- 
wan,  in  particular,  is  entitled  to  the  greateft  praife  for 
the  perfevering  induftxy  with  which  he- Iras  profecuted 


5.  Although  every  chemical  combination  is  produced 
by  the  fame  general  law,  yet  as  their  phenomena  vary 
fomewhat  according  to  circumftances,  affinities  have, 
for  the  fake  of  greater  perfpicuity,  been  divided  into 
claffes.  Thefe  claffes  may  be  reduced  to  three— fnnple, 
compound,  and  difpoftng  affinities. 

The  frf  clafs,  comprehends  all  thofe  cafes  in  which 
ot\\j  two  bodies  together ; as,  for  inftance,  ful- 

phurlc  acid  and  potafs,  oxygen  and  carbon.  The  af- 
finities which  belong  to  this  clafs  are  known  by  the 
name  of  ftmple  or  fingle  affinities.  Although  one  of 
the  fubftances  to  be  combined  happens  to  be  already 
united  w'ith  another  body,  the  combination  is  ftill 
reckoned  a cafe  of  fingle  affinity.  Thus  fuppofe  the 
fulphuric  acid  previoufly  combined  with  magnefia, 
and  forming  with  it  the  felt  called  fulphat  of  mag- 
nefia,  as  foon  as  potafs  is  prefented,  the  acid  leaves 
the  earth  (which  is  precipitated),  and  unites  with  the 
alkali.  Even  when  three  bodies  combine,  it  often 
happens  that  the  union  is  produced  merely  by  fingle 
affinity.  Thus,  when  fome  potafs  is  dropped  into  tar- 
tarous  acid,  part  of  the  acid  unites  with  the  alkali,  and 
forms  tartrite  of  potafs ; after  this  the  remainder  of 
the  acid  combines  with  the  tartrite  jufl  formed,  and 
compofes  a new  felt  known  by  the  name  of  acidulous 
tartrite  of  potafs,  or  tartar.  This  is  evidently  nothing 
elfe  than  two  inftances  of  Ample  affinity  immediately 
following  each  other. 

When  more  than  three  bodies  are  mixed,  decompo- 
fitions  and  new  combinations  often  take  place,  which 

3 F 2 could 


5*0’ 
Three 
claffes  of 
affinity, 

581 

Viz.  fimple 
affinity. 


584 

Compound 

affinity. 


(d)  This  table,  however,  does  not  correfpond  quite  accurately  to  all  the  phenomena.  For  inftance,  according 
to  it,  fulphat  of  barytes  is  not  decompofed  by  carbonat  of  foda,  although  the  contrary  takes  place  in  fadt. 


Pj-t  u 

JmiXf. 


• ntyeU 
JtbcJ, 
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Sulphat  of  Lime. 

V 

Sulph.  acid,  54  Lime. 


Sulphat  of  Magnefia. 


Sulphuric  Magnefia. 

^C10| 


Sulphat 

of  ^ 46 

Ammonia, 


44(90 


Nitrat  Sulphat 

of  of  foda, 

Lime. 


Ammonia,  38  Nitric 

— acid. 

92 


58 

Soda, 


40(98 

50  Nitric  acid. 


100 


Nitrat  of 
magnefia. 


Nitrat  of  Soda. 

Nitrat  of  Ammonia.  When  a new  compound  is  precipitated,  a line  bent 

, Suppofmg  Morveau’s  numbers  exadl,  it  follows  alfo,  downwards  in  the  middle  is  to  be  placed  between  it  and 
even  prior  to  experiment,  that  no  decompofition  takes  the  fquare,  as  in  the  following  fcheme  ; 
place  when  fulphat  of  lime  and  muriat  of  potafs  are  Sulphat  of  Potafs. 

mixed  i 


Sulphat 

of 

Lime, 


Sulphuric 
acid. 


62 

20 

82 


Potafs. 


32  (86 

Muriatic 
acid. 


Sulph.  acid,  62  Potafs. 


Muriat 

of 

Potafs. 


for  the  quiefcent  affinities  are  86  and  the  divellent 
only  82. 

Nor  when  acetite  of  lime  and  muriat  of  foda  are 
mixed; 


’Acetous  acid,  25 


Acctite 

of 

Lime, 


19 

Lime, 


20 

45 


Soda. 


28  (47 

Muriatic 
acid. 


Muriat 

of 

Soda. 


Sulphat 

of 

Barytes, 


65 


9 (74 


Carbonat 

of 

Potafs, 


Barytes,  14  Carbonic 
— acid. 
76 


Carbonat  of  Barytes. 

When  a new  compound  is  fublimed,  the  line  between 
it  and  the  fquare  is  to  be  pointed  upwards  in  the  middle, 
thus  f ' ' ' ■ ■ \ . 

When  a new  compound  is  partly  diflblved  and  partly 
precipitated,  the  line  placed  between  it  and  the  fquare 
is  to  affume  the  following  (hape  : , '. 

When  it  is  partly  dilTolved  and  partly  fublimed,  the 
following  is  the  line  to  be  ufed 
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becaufe  the  quiefcent  affinities  are  47,  and  the  divellent 
only  45.  Thefe  cafes  where  no  decompofition  takes 
place,  have  been  called  by  Morveau  cafes  of  inverfe 
compound  affinity. 

Morveau  has  propofed  the  following  improvements 
in  re  pre  fen  ting  thefe  cafes  of  compound  affinities 

When  decompofition  does  not  take  place,  nothing  is 
to  be  written  above  and  below  the  fquare,  as  in  the  two 
laft  examples.  When  a new  compound  remains  diflbl- 
ved, a ftraight  line  is  to  be  placed  between  it  and  the 
fquare,  as  in  the  following  fcheme. 


The  third  clafs  of  affinities  has  been  called  by  Mr  Anddifpof- 
Morveau  dijpojing  affinities,  becaufe  they  difpofe  fub-  ing  affinity, 
fiances  to  combine  that  would  not  otherwife  have  done 
it.  Suppofe,  for  inftance,  that  fulphur  is  prefented  to 
oxygen  gas,  it  does  not  manifeft  any  affinity  for  it ; 
but  combine  it  previoufly  with  potafs,  and  it  unites  with 
oxygen  with  avidity.  Its  previous  union  with  potafs, 
in  this  cafe,  difpofed  it  to  unite  with  oxygen.  The  caufe 
of  this  curious  affinity  is  not  yet  well  underftood.  If 
we  confiderwhat  it  was  that  prevented  the  fulphur  and 
oxygen  from  combining,  we  fhall  find,  that  it  can  only  be 
its  own  attraction  of  cohefion,  and  the  affinity  between 
the  oxygen  and  caloric  which  are  combined.  What- 
ever then  diminiflies  this  attradtion  of  cohefion,  or  of 
aggregation  as  it  has  been  called,  mufi  facilitate  the  union 

of 
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Let  now  a quantity  of  caloric  be  added  to  the  oxy- 
gen and  hydrogen  gas,  it  has  the  property  of  expand- 
ing them,  and  of  courfe  of  diminifhing  their  cohefiion  ; 
while  its  affinity  for  them  is  fo  fmall  that  it  may  be  ne- 
glefted.  Let  usfuppofe  that  it  diminifties  the  cohefion 
of  the  oxygen  i,  and  of  the  hydrogen  alfo  i,  their  cohe- 
fion will  be  now  3 and  i ; and  the  quiefcent  affinities  be- 
ing only  104,  while  the  divellent  are  105,  decompofi- 
tkm  w'ould  of  courfe  take  place,  and  a quantity  of  ca- 
loric would  thus  be  fet  at  liberty  to  produce  the  fame 
effects  upon  the  neighbouring  particles. 

Thus,  then,  caloric  adts  only  by  diminifhing  cohe- 
fion : And  the  reafon  that  it  is  required  fo  much  in 
gafeous  fubftances,  and  in  thofe  combinations  into  which 
oxygen  enters,  is  the  ftrong  affinity  of  oxygen  and  the 
other  bafes  of  the  gafes  for  caloric  ; for,  owing  to  the 
repulfion  which  exifts  between  the  particles  of  that  fub- 
tile  fubftance,  an  effedl  is  produced  by  adding  large 
dofes  of  it  contrary  to  what  happens  in  other  cafes. 
The  more  of  it  is  accumulated,  the  ftronger  is  the  re- 
pulfion between  its  particles  ; and  therefore  the  more 
powerful  is  its  tendency  to  fly  off ; and  as  this  tendency 
is  oppofed  by  its  affinity  for  the  body  and  the  cohe- 
fion of  its  particles,  it  muft  diminifh  both  thefe  attrac- 
tions. 

Though  we  have  thus  attempted  to  explain  what  has 
been  always  confidered  as  one  of  the  moft  difficult  pro- 
blems in  chemiftry,  we  are  far  from  fuppofing  that  we 
have  removed  every  difficulty.  Much  ftill  remains  to 
be  done  before  the  adtion  of  light  and  caloric  can  be 
fully  underftood  : and  there  may  be  other  agents,  of 
w'hofe  exiftence  we  have  not  yet  even  conceived  the 
idea. 

One  difficulty  ftill  remains  to  be  examined.  Heat 
not  only  produces  the  combination  of  fome  bodies,  but 
alfo  occafions  the  decompofiiion  of  others.  How  does 
it  adl  in  thefe  cafes  ? 

That  many  of  thefe  decompofitions  are  produced  by 
decompofes  chemical  affinity,  will  be  evident  from  the  following  ex- 
bodies. amples. 

When  fulphur  and  arfenic  acid  are  expofed  to  heat,  ful- 
I Pelletier,  phuret  of  arfenic  is  formedf  evidently  by  a kind  of 
compound  affinity. 

Oxygen  Gas. 

A 


S T R Y. 

Nitric  Acid  in  Vapour. 
A 


Part 

Affinj 


Caloric 


Nitric  acid 


Boracic  acid  55 
V" 


58 


Potafs 


NItrat  of 
Potafs. 


Borat  of  Potafs. 

By  the  fame  compound  affinity  boracic  acid  and 
heat  decompofe  muriat  of  foda. 

Muriatic  Acid  Gas. 

A 


Caloric 


10  Muriatic  acid 


Boracic  acid  24 


31 


Soda 


j Muriat  of 
Soda. 


586 
Mow  heat 


Caloric 


1 2 Oxygen 


60 


Arfenic 

Acid. 


Sulphur  50  Arfenic 


Sul  phuret  of  Arfenic. 

In  the  fame  manner  when  nitrat  of  potafs  and  bora- 
cic acid  are  expofed  to  heat,  the  nitric  acid  is  volati- 
lized, and  borat  of  potafs  is  left  behind. 


Borat  of  Soda. 

In  the  fame  manner  it  would  be  eafy  to  explain  how 
all  the  decompofitions  by  the  dry  m}ay,  as  it  is  called 
are  produced.  . ■ * 

But  how  comes  caloric  to  decompofe  water  after  ha- 
ving produced  the  union  of  oxygen  and  hydrogen  ? 
The  union,  we  have  feen,  was  probably  brought  about 
by  the  play  of  oppofite  affinities ; but  in  the  feparation, 
caloric  feerns  to  adt  by  its  peculiar  power,  or  the  re- 
pulfion which  exifts  between  its  particles.  When  ca- 
loric combines  with  an  integrant  particle  of  water,  this 
repulfion  muft  feparate  the  component  parts  fomewhat 
fronti  one  another  ; confequently  it  muft  weaken  their 
affinity  ; for  every  increafe  of  diftance  produces  that  ef- 
fect. Now  let  us  fuppofe  that  the  affinity  between 
oxygen  and  hydrogen  is  105,  and  that  the  affinity  be- 
tween caloric  and  each  of  thefe  bodies  is  50:  as  foon 
as  the  particles  cf  oxygen  and  hydrogen  are  fo  far  fe- 
parated  from  each  other  that  their  affinity  is  lefs  than 
100,  they  will  unite  with  caloric  in  preference,  becaufe 
the  fum  of  their  affinities  for  caloric  is  equal  to  100  ; 
confequently,  whenever  ;that  takes  place,  water  will  be 
decompofed.  Hence  we  fee  the  reafon  why  more  heat 
is  always  neceffary  to  produce  the  decompofition  of  bo- 
dies than  what  produced  their  union. 

Caloric  poffeffes  another  Angular  property,  that  of 
changing  the  compound  affinities  of  bodies,  even  when 
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I't  does  not  appear  to  enter  as  an  ingredient.  What 
we  mean  will  appear  evident  from  the  following  ex- 
amples ; 

, I Muriat  of  ammonia,  7 dgcompole  each  other  at  the 

Carbonat  or  magnelia,  J ^ 

ordinary  temperature  of  the  atmolphere,  and  form  mn- 
riat  of  magnelia  and  carbonat  of  ammonia ; but>  on  the 
contrary, 

Muriat  of  magnefia,  and  7 j „ r u .u 
^ ° • f decompofe  each  other  at 

Carbonat  oi  ammonia,  j ‘ 

a high  temperature;  for  inltance,  at  212®.  The  pro- 
dufts  are  muriat  of  ammonia  and  carbonat  of  magnelia*. 

Again,  if  muriat  of  fcda  and  fulphat  of  magnelia  be 
mixed  together  at  a low  temperature,  for  inftance,  at 
zero,  they  decompofe  each  other,  and  muriat  of  mag- 
nefia  and  fulphat  of  foda  are  formed ; but  no  decom- 
pofiticn  takes  place  at  a temperature  above  32*^. — Mu- 
riat of  foda,  and  fulphat  of  alumina,  exhibit  precifely 
the  fame  phenomenaf . 

Laftly,  fulphat  of  magnelia  and  carbonat  of  ammonia 
decompofe  each  other  at  the  ordinary  temperature ; but 
at  212®  the  caibonic  acid  flies  off,  and  the  remaining 
fubftances  form  a triple  faltj. 

The  laft  of  thefe  phenomena  appears  owing  to  the  af- 
finity betw'een  carbonic  acid  and  caloric,  and  the  two 
firfl;  to  the  affinity  between  muriat  of  ammonia  and  ca- 
loric, for  that  fait  is  volatilized. 

It  would  not  be  fo  eafy  to  explain  the  mutual  decom- 
policion  of  muriat  of  foda  and  fulphat  of  magnelia  at  a 
low  temperature.  It  is  probably  conneded  with  the 
alterations  in  the  diflance  of  the  ingredients  of  chemical 
compounds,  which  are  produced  by  the  prefence  and 
abfence  of  caloric. 

From  the  important  part  which  caloric  ads  in  chemi- 
cal combinations.  Count  Rumford  has  been  lately  in- 
inion re-  duced  to  fufped  that  this  fubtile  fluid  is  the  on/y  agent 
:ding  af-  {jy  ^^'hich  they  are  produced. 

‘^7*  That  caloric  is  a necejjfary  agent  in  all  chemical  de- 
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compolitions  and  new  combinations,  we  very  readily  al- 
low ; becaufe  we  know  no  other  caufe  except  caloric  to 
prevent  the  particles  of  bodies  from  adual  contad ; in 
which  cafe  decompofition  would  be  impoffible : and  if 
this  be  the  fenfe  in  which  that  ingenious  phik)fopher 
afcribes  chemical  combinations  to  caloric,  we  very  rea- 
dily agree  with  him  ; but  if  he  fuppofes  that  caloric  is 
the  agefit  by  which  the  particles  of  bodies  are  brought 
near  each  other,  and  the  force  by  which  they  adhere  to 
one  another,  we  cannot  help  thinking  that  he  is  mifta- 
ken : For  that  bodies,  chemically  combined,  are  kept 
near  each  other  by  feme  force,  cannot  poffibly  be  de- 
nied. Now,  w'hat  is  that  force  ? We  have  faid,  after 
Newton,  an  atiraSion  between  the  particles  themjelves ; 
acknowledging,  at  the  fame  time,  that  we  are  unable 
to  explain  what  that  is. 

Count  Rumford  feems  to  fuppofe  that  there  is  no 
fuch  thing  as  attradion  between  the  particles  them- 
felves,  but  that  caloric  is  the  agent  which  keeps  them 
together.  If  fo,  how  does  caloric  perform  this  office  ? 
For  our  part,  we  do  not  pretend  to  underftand  it  any 
more  than  the  nature  of  attradion  ; nor  do  we  fee  that 
it  is  pofllble  to  render  it  more  intelligible.  But  there 
is  another  queftion  of  ftill  greater  importance.  What  are 
the  proofs  that  caloric  is  the  only  agent  in  all  cafes  of 
chemical  combinations  ? For  our  part,  we  can  think  of 
no  proof  that  can  render  this  opinion  in  the  fmallefl; 
degree  plaufible. 

Has  this  celebrated  and  candid  philofopher  confider- 
ed  this  fubjed  with  his  ufual  accuracy  ? If  heat  be  a 
body,  it  cannot  furely  be  the  caufe  of  affinity  unlefs  it 
be  pofleffed  of  properties  which,  fo  far  from  being  prov- 
ed, have  not  even  been  fufpeded.  On  the  contrary,  if 
it  be  a property  of  matter,  what  property  is  it  ? If  it 
be  a peculiar  motion,  as  Count  Rumford  fufpeds,  we 
would  afk  if  it  be  poffible  for  any  motion  whatever,  in- 
dependent of  attradion,  to  produce  the  permanent 
union  of  two  bodies  ? 


AfTim'ty. 


Part  III.  Of  DOUBLY  COMPOUND  BODIES. 


The  bodies  which  confifl;  of  combinations  of  thofe 
fubftances  that  have  been  denominated  compound^ 
and  which,  for  that  reafon,  we  have  ventured  to  call 
doubly  compound  bodies,  may  be  reduced  to  three  claffes : 
Soaps, 

Neutral  falts, 

Hydrofulphurets. 

Thefe  (hall  form  the  fubjed  of  the  three  following 
chapters ; and  we  (hall  finifh  this  part  of  the  article  with 
fome  obfervations  on  cryjialtization. 

Chap.  I.  Of  Soaps. 

The  compounds  into  which  oils  enter  without  de- 
compofiiion  have  been  denominated  foaps. 

Oils  are  capable  of  combining  with  alkalies,  earths, 
and  metallic  oxyds  ; they  are  capable  alfo  of  combining 
with  feveralof  the  acids.  There  are  therefore  two  claffcs 
of  foaps  ; I.  Alkaline,  earthy,  and  metallic  foaps,  which 
for  the  fake  of  brevity  we  ftiall  call  alkaline  foaps  ; and, 
SUPPL.  VoL.  I. 


2.  Acid  foaps.  Thefe  two  claffes  form  the  fubjed  of 
the  two  following  fedions. 

Sect.  I.  Of  Alkaline  Soaps. 

As  there  are  a great  number  of  oils,  all  or  moft  of 
which  are  capable  of  combining  with  alkalies,  earths, 
and  oxyds,  it  is  natural  to  fuppofe  that  there  are  as  ma- 
ny genera  of  alkaline  foaps  as  there  are  oils.  That 
there  are  differences  in  the  nature  of  foaps  correfpond- 
ing  to  the  oil  which  enters  into  their  compofition,  is 
certain ; but  thefe  differences  are  not  of  fufficient  im- 
portance to  require  very  particular  defcription.  We 
fhall  therefore  defcribe  all  the  alkaline  foaps  toge- 
ther, and  notice,  as  we  go  along,  fome  of  the  moft  im- 
portant differences  refulting  from  the  oily  ingredients. 

I.  Soap  of  foda,  or  common  foap.  The  word  foap  Common 
(fapo,  <rct7rm)  firft  occurs  in  the  works  of  Pliny  and  Ga-  hard  foap. 
len,  and  is  evidently  derived  from  the  old  German  word 
fepe  (g).  Pliny  informs  us,  that  foap  was  firft  difeo- 
vered  by  the  Gauls ; that  it  was  compofed  of  tallow 

3 G and 


(g)  Beckmann’s  Hijlory  of  Inventions,  III. 

Scotland. 


239. — A fimilar  word  is  ftill  ufed  by  the  common  people  of 
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Alkaline  and  afhes ; and  that  the  German  foap  was  reckoned 
Soaps.^  the  Left.* 

* Pliny,  Soap  may  be  prepared  by  the  following  procefs.  A 
lib.  xviii.  quantity  of  the  foda  of  commerce,  vehich  is  a carbonat 
c-  Ji-  of  foda,  and  which  is  often  called  barilla  from  the  name 
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Method  of 
forming  it. 

flacked  and  palfed  through  a fieve  immediately  before. 
U^pon  this  mixture  a quantity  of  water  is  poured,  con- 
fiderably  more  than  w'hat  was  fufficient  to  cover  it,  and 
allowed  to  remain  on  it  for  feveral  hours.  The  lime 
attracfls  the  carbonic  acid  from  the  fnda,  and  the  water 
l:>ecnmes  ftrongly  impregnated  with  the  pure  alkali. 
This  water  is  then  drawn  cff  by  means  of  a ftop-cock, 
and  called  the  JlrJl  ley.  Its  fpecific  gravity  Ihould  be 
about  1,200. 

Another  quantity  of  water  is  then  to  be  poured  up- 
on the  foda,  which,  after  ftanding  two  or  three  hours, 
is  alfo  to  be  drawn  off  by  means  of  the  ftop-cock,  and 
called  the  fecond  ley. 

Another  portion  of  water  is  poured  on  ; and  after 
ftanding  a fufficient  time,  is  drawn  off  like  the  other 
two,  and  called  the  third  ley. 

Another  portion  of  water  may  ftill  be  poured  on,  in 
order  to  be  certain  that  the  whole  of  the  foda  is  dif- 
folved  ; and  this  weak  ley  may  be  put  afide,  and  em- 
ployed afterwards  in  forming  the  fit  ft  ley  in  fubfequent 
operations. 

A quantity  of  oil,  equal  to  fix  times  the  W'eight  of 
the  foda  ufed,  is  then  to  be  put  into  the  boiler,  together 
with  a portion  of  the  third  or  ^jueakejl  ley,  and  the  mix- 
ture muft  be  kept  boiling  and  agitated  conftantly  by 
means  of  a wooden  inftrument.  The  whole  of  the  third 
ley  is  to  be  added  at  intervals  to  the  mixture  ; and  after 
it  is  confumed,  the  fecond  ley  muft  be  added  in  the 
fame  manner.  I'he  oil  becomes  milky,  combines  with 
the  alkali,  and  after  fome  hours  it  begins  to  acquire 
ccnfiftence.  A little  of  the  firjl  ley  is  then  to  be  added, 
not  forgetting  to  agitate  the  mixture  conftantly.  Por- 
tions of  the  firft  ley  are  to  be  added  at  intervals;  the 
foap.y  fubftance  acquires  gradually  greater  confiftency, 
and  at  laft  it  begins  to  feparate  from  the  watery  part 
of  the  mixture.  A quantity  of  common  fait  is  then  to 
be  added,  which  renders  the  feparation  much  more  com- 
plete. The  boiling  is  to  be  continued  ftill  for  two 
hours,  and  then  the  fire  muft  be  withdrawn,  and  the  li- 
quor muft  be  no  longer  agitated.  After  fome  hours 
repofe  the  foap  feparates  completely  from  the  watery 
part,  and  fwims  upon  the  furface  of  the  liquor.  The 
watery  part  is  then  to  be  drawn  off ; and  as  it  contains 
a quantity  of  carbonat  of  foda,  it  ought  to  be  referved 
for  future  ufe. 

The  fire  is  then  to  be  kindled  again ; and,  in  order 
to  faeiiitate  the  melting  of  the  foap,  a little  water,  or 
rather  weak  ley,  is  to  be  added  to  it.  As  foon  as  it 
boils,  the  remainder  of  the  firft  ley  is  to  be  added  to  it 
at  intervals.  When  the  foap  has  been  brought  to  the 
proper  ccnfiftence,  which  is  judged  of  by  taking  out 
fmall  portions  of  i.t  and  allowing  it  to  cool,  it  is  to  be 
withdrawn  from  the  fire,  and  the  watery  part  fepa'rated 
from  it  as  befcre.  It  is  then  to  be  healed  again,  and  a 


of  a plant,  by  burning  which  it  is  procured  in  great 
quantities  in  Spain,  is  pounded  and  mixed  in  a wooden 
veft'el,  with  about  a fifth  part  of  its  weight  of  lime. 


little  w'ater  mixed  with  it,  that  it  may  form  a proper  Alkalim  i 
pafte.  It  is  then  to  be  poured  into  the  veffels  proper  Soap*.  1 
for  cooling  it ; in  the  bottom  of  which  there  ought  to  ' 

be  a little  chalk  in  pow'der,  to  prevent  the  foap  from  at- 
taching itfelf  to  it.  In  a few  days  the  foap  will  have 
acquired  fufficient  ccnfiftence  to  be  taken  out,  and 
formed  into  proper  cakes  (h). 

The  ufe  of  the  common  fait  in  the  above  procefs  is 
to  feparate  the  water  from  the  foap  ; for  common  fait 
has  a ftronger  affinity  for  water  than  foap  has. 

Olive  oil  has  been  found  to  anfwer  beft  for  makincr 
foap,  and  next  to  it  perhaps  tallow  may  be  placed  : but 
a great  variety  of  other  oils  may  be  employed  for  that 
purpofe,  as  appears  from  the  experiments  of  the  French 
chemifts  above  quoted.  They  found,  however,  that 
lintfeed  oil  and  wffiale  oil  were  not  proper  for  making 
hard  foaps,  though  they  might  be  employed  with  ad- 
vantage in  the  manufadture  of  foft  foaps.  Whale  oil 
has  been  long  ufed  by  the  Dutch  for  this  laft  pur- 
pofe. 

Soap  may  alfo  be  made  without  the  affiftance  of 
heat ; but  in  that  cafe  a much  longer  time  and  a larger 
proportion  of  alkali  is  neceffary. 

Manufadurers  have  contrived  various  methods  of  fo-  it*  fophili 
phifticating  foap,  or  of  adding  ingredients  which  in-  catiop. 
crcafe  its  weight  without  increafing  its  value.  The 
moft  common  fubftance  ufed  for  that  purpofe  is  water  ; 
which  may  be  added  in  confiderable  quantities,  efpecial- 
ly  to  foap  made  with  tallow  (the  ingredient  ufed  in  this 
country),  without  diminiihing  its  confiftency.  This 
fraud  may  be  eafily  deteded,  by  allowing  the  foap  to 
lie  for  fome  time  expofed  to  the  air.  The  water  will 
evaporate  from  it,  and  its  quantity  will  be  difcovered 
by  the  diminution  of  the  weight  of  the  foap.  As  foap 
fophifticated  in  this  manner  would  lofe  its  water  by  be- 
ing kept,  manufadurers,  in  order  to  prevent  that,  keep 
their  foap  in  faturated  folutions  of  common  fait ; which 
do  not  dilfolve  the  foap,  and  at  the  fame  time,  by  pre- 
venting all  evaporation,  preferve,  or  rather  increafe,  the 
weight  of  the  foap.  Meifrs  Darcet,  Lelievre,  and  Pel- 
letier, took  two  pieces  equal  in  weight  of  foap  fophifti- 
cated in  this  manner,  and  placed  the  one  in  a dry  place 
in  the  open  air,  and  the  other  in  a faturated  folution  of 
common  fait.  After  a month,  the  firft  had  loft  of 
its  weight,  the  other  had  gained  about  tW  parts. * Ann.  it 
Various  other  methods  have  been  fallen  upon  to  fophif-  Cbim.ja 
ticate  foap ; but  as  they  are  not,  we  hope,  generally  336- 
known,  it  would  be  doing  an  injury  to  the  public  to 
defcribe  them  here. 

Different  chemifts  have  analyfed  foap,  in  order  to  af-  p ' 
certain  the  proportions  of  its  ingredients;  but  the  te- of 
full  of  their  experiments  is  various,  becaufe  they  ufed  dients. 
foap  containing  various  quantities  of  water.  From  the 
experiments  of  Darcet,  Lelievre,  and  Pelletier,  it  ap- 
pears  that  foap  newly  made  and  expofed  to  fale  con- 
tains 

9-75  Oil. 

1,37  Alkali,  [ 

4,87  Water. 

Soap  is  foluble  both  in  water  and  In  alcohol.  Its 
properties  as  a detergent  are  too  well  known  to  require  i 

any  defcription. 

It  : 


(r)  See  the  Memoir  of  Darcet^  Lelievre,  and  Pelletier ^ in  the  de  Chintz  XIX,  253, 
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jlkaline  It  is  decompofed  by  lime,  and  by  compound  aSini- 
^aps.  ty(i)  by  fulphat  of  lime,  nltrat  of  lime,  tnuriat  of  lime, 
and  probably  all  the  falts  which  contain  lime, 
sjtfcap.  2.  Soap  of  potafs.  Potafs  may  be  fubftituted  for  fo- 
' da  in  making  foap,  and  in  that  cafe  precifely  the  fame 

procefs  is  to  be  followed.  It  is  remarkable,  that  when 
potafs  is  ufed,  the  foap  does  not  alTame  a folid  form  ; its 
coniillence  is  never  greater  than  that  of  hog’s  lard. 
This  is  what  in  this  country  is  called  Joft  foap.  Its  pro- 
perties as  a detergent  do  not  differ  materially  from  thofe 
of  hard  foapy  but  it  is  not  nearly  fo  convenient  for  ufe. 
The  alkali  employed  by  the  ancient  Gauls  and  Ger- 
mans in  the  formation  of  foap  was  potafs  ; hence  we 
I fee  the  reafon  that  it  is  defcribed  by  the  Romans  as  an 

‘ unguent. 

Some  perfons  have  alBrmed  that  they  knew  a me- 
thod of  miking  hard  foap  with  potafs.  Their  method 
is  this  ; After  forming  the  foap  in  the  manner  above  de- 
fcribed they  add  to  it  a large  quantity  of  common  fait, 
boil  it  for  feme  time,  and  the  foap  becomes  folid  when 
cooled  in  the  ufual  way.  That  this  method  may  be 
I pra<ftifed  with  fuccefs  has  been  afeertained  by  Meffrs 

Darcet,  Lelievre  and  Pelletier  ; but  then  the  hard  foap 
thus  formed  does  not  contain  potafs  but  foda : for  when 
; the  common  fait  (muriat  of  foda)  is  added,  the  potafs 

‘ of  the  foap  decompofes  it,  and  combines  with  its  muri- 

atic acid,  while  at  the  fame  time  the  foda  of  the  fait 
I combines  with  the  oil  and  forms  hard  foap  : and  the 

j muriat  of  potafs  formed  by  this  double  decompoficion  is 

\\inn.de  diffolvcd  in  the  water  and  drawn  off  along  with  it*. 
\im.  XIX.  Chaptal  has  lately  propofed  to  fubftitute  wool  in  place 
i*‘  of  oil  in  the  making  of  foap.  The  ley  is  formed 

: in  the  ufual  manner  and  made  boiling  hot,  and  fhreds 

; of  woollen  cloth  of  any  kind  are  gradually  thrown  into 

I it ; they  are  foon  diflblved.  New  portions  are  to  be 

added  Sparingly,  and  the  mixture  is  to  be  conftantly 
agitated.  When  no  more  cloth  can  be  dhfolved,  the 
4«/i.  at  foap  is  madef . This  foap  is  faid  to  have  been  tried  with 
^'ot.  xxi.  fuccefs.  It  might  doubtlefs  be  fubftituted  for  foap  with 
• advantage  in  feveral  manufadlories,  provided  it  can  be 

[ obtained  at  a cheaper  rate  than  the  foaps  at  prefent 

employed. 

Filh,  too,  have  been  lately  fubftituted  for  oil  with 
’ equal  fticcefs.  The  only  difadvantage  which  foap  made 

I in  this  manner  is  liable  to,  is  a difagreeable  fmell,  from 

I 593  which  it  cannot  eafily  be  freed. 

>ap  of  3.  Soap  of  ammonia.  This  foap  was  firft  particular- 
tunoma.  Py  attended  to  by  Mr  Berthollet.  It  may  be  formed 
i by  pouring  carbonat  of  ammonia  on  foap  of  lime.  A 

double  decompofition  takes  place,  and  the  foap  of  am- 
monia fwims  upon  the  furface  of  the  liquor  in  the  form 
of  an  oil  ; or  it  may  be  formed  with  ftill  greater  eafe  by 
pouring  a folution  of  muriat  of  ammonia  into  common 
foap  diffolved  in  water.  We  have  formed  it  often  by 
Berthollet,  mixing  cauftic  ammonia  and  oil*. 
ritm.Par.  It  Pas  a more  pungent  tafte  than  common  foap. 
Water  diifolves  a very  fmall  quantity  of  it  ; but  it  is 
eafily  di/folved  in  alcohol.  When  expofed  to  the  air, 
70.  ’ it  is  gradually  decompofed. 

J94  4.  Soap  of  lime.  This  foap  may  be  formed  by  pour- 

'oap  of  Jng  lime-water  into  a folution  of  common  fo.np.  It  is 
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infoluble  both  in  water  and  alcohol.  C u bonat  of  fixed 
alkali  decompofes  it  by.  compound  affinity-}-.  It  melts 
with  difficulty,  and  req-aires  a ftrong  heat. 

5.  Soap  of  magnefta.  This  foap  may  be  formed 
by  mixing  together  fdutions  of  common  foap  and  ful- 
phat of  mignefia. 

It  is  exceedingly  v/hite.  It  is  umftuous,  dries  with 
difficulty,  and  preferves  its  whitenefs  after  deficcatinn. 

It  is  infoluble  in  boiling  water.  Alcohol  and  fixed  oil 
diftblve  it  in  confiderable  quantity.  Water  renders  its 
folution  in  alcohol  milky.  A moderate  heat  melts  it  ; 
a tranfparent  mafs  is  formed,  flightly  yellow,  and  very 
brittle*.  * BertLoU 

6.  Soap  of  alumina.  This  foap  may  be  formed  by  ibid. 

mixing  together  folutions  of  alum  and  of  common  f )?.p.  59^  _ 

It  is  a flexible  foft  fubftance,  which  retains  its  fupple- 

nefs  and  tenacity  when  dry.  It  is  infoluble  in  alcohol,  ’ 
v'ater  and  oil.  Heat  eafily  melts  it,  and  reduces  it  to 
a beautiful  tranfparentyellowifh  mafsf. 

7.  Soap  of  barytes  refembles  almoft  exa<ftly  the  foap 
of  lime;};. 

8.  Soap  of  mercury. — This  foap  may  be  formed  by 
mixing  together  a folution  of  common  foap  and  of  cor-  of  mercu-^ 
rofive  muriat  of  mercury.  The  liquor  becomes  milky,  ry, 
and  the  foap  of  mercury  is  gradually  precipitated. 

This  foap  is  vifeid,  not  eafily  dried,  lofes  its  white  co- 
lour when  expofed  to  the  air,  and  acquires  a flate  co- 
lour, which  gradually  becomes  deeper,  efpecially  if  ex- 
pofed to  the  fun  or  to  heat.  It  dilfolves  very  well  in 
oil,  but  fparingly  in  alcohol.  It  readily  becomes  foft 
and  fluid  when  heated*. 

9.  Soap  of  zinc. — This  foap  may  be  formed  by  mix- 
ing together  a folution  of  fulphat  of  zinc  and  of  foap. 

It  is  of  a white  colour,  inclining  to  yellow.  It  dries 
fpeedily,  and  becomes  fiiable-]-.  f Ibid. 

10.  Soap  of  cobalt. — This  foap  made  by  mixing  ni-  600 

trat  of  cobalt  and  common  foap  is  of  a dull  leaden  co-  “bait, 

lour,  and  dries  with  difficulty,  though  its  parts  are  not 
conneded.  goi 

Mr  Berthollet  obferved,  that  towards  the  end  of  the  Of  nickel, 
precipitation  there  fell  down  feme  green  coagula,  much 
more  confident  than  foap  of  cobalt.  Thefe  he  fuppofed 
to  be,  a foap  of  nickel,  which  is  generally’ mixed  with 
cobalt:}:.  I Ibid, 

1 1.  Soap  of  tin, — It  may  be  formed  by  mixing  com- 
mon  foap  with  a folution  of  tin  in  nitro-muriatic  acid. 

It  is  white.  Heat  does  not  fufe  it  like  other  metallic 
foaps,  but  decompofes  it||.  ||  Ibid. 

12.  Soap  of  iron — Formed  by  means  of  fulphat  of 
iron..  It  is  of  a reddifti  brown  colour,  tenacious,  and 
eafily  fufible.  When  fpread  upon  wood,  it  finks  in  and 
dries.  It  is  eafily  fokible  in  oil,  efpecially  cf  turpen- 
tine. Berthollet  propofesit  as  a varnifli^. 

13.  Soap  cf  copper — Formed  by  means  cf  fulphat 

of  copper.  It  is  of  a green  colour,  has  the  feel  of  a 
refin,  and  becomes  dry  and  brittle.  Hot  alcohol  ren- 
ders its  colour  deeper,  but  fcarcely  dilfolves  it.  Ether 
difl'olves  it,  liquifies  it,  and  renders  its  colour  deeper  and 
more  beautiful.  It  is  very  foluble  in  oils,  and  gives 
them  a pleafant  green  colour^.  § 

14.  Soap  of  lead. — It  may  be  formed  by  means  of 


Ibid. 

599 
Of  zinc. 


^ Ibid. 
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Of  copper. 


Ibid. 
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acetite 


( I ) In  this  and  the  following  chapter,  compound  affinity  is  not  taken  always  in  its  flrifl  and  proper  fenfe,  but 
is  applied  to  all  thofe  decompofitions  in  which  the  affirdties  of  more  than  three  bodies  atl. 


Prt  III. 

-Mtral  wax,  the  firft  yellow,  the  laft  a deep  brown.  Nitre, 
|alts.  fal  ammoniac,  acetite  of  lead,  iron  filings,  zinc  powder, 
decompofe  it ; vinegar,  borax,  filings  of  lead  do  not. 

To  unite  this  acid  with  the  elTential  oils,  three  ounces 
were  put  into  a glafs  mortar,  and  four  ounces  of  the 
oil  were  added,  drop  by  drop,  and  care  taken  to  pre- 
vent its  becoming  hot : equal  parts  of  water  were  then 
poured  on,  and  the  whole  heated  flowly  nearly  to  the 
temperature  of  boiling  water : on  cooling,  the  foap 
united  into  a brown  mafs.  ^ 

Oiorpen-  8.  Soap  of  fulphuric  acid  and  turpentine.  It  is  brown, 
til  and  of  the  confiftence  of  foft  wax.  Its  folution  in  wa- 
ter is  grey,  opaque,  vifcid  ; frothes  ; Its  folution  in  al- 
cohol is  brown  and  tranfparent.  Alkalies  decompofe  it ; 
with  too  much  it  forms  at  the  boiling  heat  a new  foap. 

Nitric  and  muriatic  acids  feparated  the  oil  thicken- 
! ed,  as  did  alfo  w’hite  oxyd  of  lead,  murlat  of  lead,  mu- 
riat  of  foda,  and  iron  filings ; but  acetous  acid,  boracic 
acid,  tartriteof  potafs,  and  tin  filings,  produced  no  fuch 
1^  eflFed. 

I'nfam.  9.  Soap  of  fulphutic  acid  and  amber  oil. — Its  folution 
in  water  and  alcohol  as  in  the  laft  foap.  Alkalies,  mag- 
nefia,  and  lime,  decompofed  it.  Nitric  and  muriatic 
acids  feparated  the  oil  of  the  confiftence  of  wax.  Tartar, 
fal  ammoniac,  muriat  of  antimony,  acetite  of  lead,  iron 
filings,  decompofed  it ; vinegar,  acetite  of  ammonia, 
and  lead  did  not. 

f ilm,  dt  Mr  Achard,  to  whom  we  owe  tliefe  foapsf , could 

P,\  ivi.  not  fucceed  in  his  attempts  to  form  foaps  with  nitric 
and  muriatic  acids. 


CHEMISTRY. 


409 

Pulphats. 


Chap.  II.  Of  Neutral  Salts. 


I 


S;ex-  The  word  /alt  has  been  ufed  in  chemiftry  in  a Very 
piled.  extenfive,  and  not  very  definite  fenfe.  Every  body 
which  is  fapid,  eafily  melted,  foluble  in  water,  and  not 
combuftible,  has  been  called  a /alt. 

Salts  were  confidered  by  the  older  chemifts  as  a clafs 
of  bodies  intermediate  betw-een  earths  and  water.  Many 
difputes  arofe  about  what  bodies  ought  to  be  compre- 
hended under  this  clafs,  and  what  ought  to  be  excluded 
from  it.  Acids  and  alkalies  were  allowed  by  all  to  be 
falts ; but  the  difficulty  was  to  determine  concerning 
earth  and  metals.  Several  of  the  earths  poflefs  all  the 
properties  which  have  been  afcribed  to  falts  ; and  the 
metals  are  capable  of  entering  into  combinations  which 
poffefs  faline  properties.  It  is  needlefs  for  us  to  enter 
into  this  difpute  at  prefent,  as  we  have  taken  th'/liber- 
ty,  in  imitation  of  fome  of  the  beft  modern  chen/ifts,  to 
expunge  the  clafs  of  falts  altogether,  and  to  arrange 
thofe  Subordinate  clafles,  which  are  ufually  referred  to 
it,  under  diftind  heads. 

Ifltralfalt  The  word  neutral  /alt  was  originally  applied  exclu- 
ilaincd.  fively  to  combinations  of  acids  and  alkalies,  which  were 
confidered  as  fubftances  poffeffing  neither  the  properties 
of  acids  nor  alkalies,  but  properties  intermediate  between 
the  two.  But  the  word  is  now  always  taken  in  a more 
extenfive  fenfe,  and  fignifies  all  compoundi  formed  by 
the  combination  of  acids  with  alkahes,  earths,  or  me- 
tallic oxyds.  In  thefe  compounds,  the  earth,  alkali,  or 
oxyd,  is  denominated  the  ha/e.  Each  order  of  falts  is 


denominated  after  the  acid  which  enters  into  its  compo- 
fition  ; and  every  individual  fait  is  diftinguifhed  by  fub- 
joining  the  name  of  its  bafe.  Thus  all  the  falts  into 
which  fulphuric  acid  enters  are  called /ulphatsy  and  the 
fait  formed  by  the  combination  of  fulphuric  acid  and 
potafs  is  called /ulphat  0/ potafi. 

It  is  evident,  then,  that  there  muft  be  as  many  orders 
of  neutral  falts  as  there  are  acids ; and  as  many  falts  in 
each  order  as  there  are  alkalies,  earths,  and  metallic 
oxyds,  fuppofing  every  acid  capable  of  combining  with 
every  one  of  thefe  fubftances.  But  befides  thefe  fimple 
combinations  of  one  acid  and  one  bafe,  there  are  others 
more  complex,  compofed  of  two  acids  combined  with 
one  bafe,  or  two  bafes  combined  with  one  acid,  or  a 
neutral  fait  combined  with  an  acid  or  a bafe.  Thefe 
combinations  have  been  called  triple  /alts  ; and  they  in- 
creafe  the  number  of  neutral  falts  very  confiderably. 

In  the  following  feftions  we  (hall  take  a ftiort  view 
of  the  properties  of  the  principal  neutral  falts  at  pre- 
fent known  % for  this  wide  and  important  region  of  che- 
miftry is  ftill  very  far  from  being  completely  explored. 

Sect.  I.  0/  Sulphate. 

Sulphuric  acid  is  capable  of  combining  with  all 
the  alkalies,  with  alkaline  earths,  alumina,  jargonia, 
and  the  greater  number  of  the  metallic  oxyds.  The 
principal  neutral  falts  which  it  forms  are  as  follows  ; 

I . Sulphat  of  potafs. — This  fait  may  be  formed  by  Sulpkat  of 
faturating  diluted  potafs  with  fulphuric  acid,  and  then  potafs. 
evaporating  the  folution  gently  till  cryftals  are  formed. 

It  feems  to  have  been  known  at  a very  early  period  by 
chemifts,  and  a great  variety  of  names  were  given  to  it, 
according  to  the  manner  of  forming  it,  or  the  fancy  of 
the  operator.  Some  of  thefe  names  were,  /pscificum 
purgans,  nitrum  fixurn,  arcanum  duplicatum,  panacea  hol- 
/atica,  /al  de  duoLtts,  /al  polychreji  gla/eri,  &c.  ; but  it 
w^as  commonly  known  by  the  name  of  ^itriolated  tartar 
till  the  French  chemifts  called  it  /ulphat  of  pota/s,  when 
they  formed  their  new  nomenclature  ini787(K).  . 

When  the  folution  of  fulphat  of  potafs  is  fufficiently  proper- 
diluted,  it  affords  by  evaporation  hexahedral  pyramids,  ties, 
or  Ihort  hexangular  prifms,  terminated  by  one  or  more 
hexangular  pyramids.  But  thefe  cryftals  vary  much  in 
their  figure,  according  to  the  care  with  which  they  are 
prepared. 

It  has  a very  difagreeable  bitter  tafte.  Its  fpecific 
gravity  is  2,29s*.  * Brljfon. 

It  is  foluble  in  the  temperature  of  60°  in  16  times 
its  weight  of  water  ; in  a boiling  heat,  it  is  foluble  in  5 
times  its  weightf . f Bergman. 

According  to  Bergman,  it  is  compofed  of  40  parts 
of  acid,  52  parts  of  alkali,  and  8 of  water  ; but  accord- 
ing to  Kirwan,  •^hofe  expeSment  has  been  already  de- 
feribed,  it  is  compofed  of  45  parts  of  acid  and  55  of 
alkali. 

It  fuffers  no  alteration  in  the  air. 

When  placed  upon  burning  coals,  it  breaks  into 
pieces  with  a noife  refembling  a number  of  fmall  explo- 
fions  fucceeding  each  other  at  ftiort  intervals  (l),  but 
fuffers  no  other  alteration.  In  a red  heat  it  melts. 

It  has  hitherto  been  applied  to  little  ufe.  It  is  a 

purgative. 


(k)  Bergman  called  it  alhali  ’vegetahile  vitriolatum^  and  Morveau  •vitriol  0/ pota/s. 

(l)  This  is  called  decrepitation. 
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Snlphata.  ptirgattve,  bat  i?s  diTrigreeable  tafte  prsvents  It  from 
being  much  employed  for  that  purpofe. 

It  often  has  an  excefs  of  acid,  owing,  as  Mr  Berg- 
man and  Morveau  have  very  ingenioufly  explained,  to 
an  affinity  which  exills  between  this  fait  and  fulphuric 
acid . 

It  is  decompcfed  by  compound  affinity  by  the  fol- 
lowing falls : 


Nitrat  of 


* Kirtvan. 
\IJ. 

-|-  Bergman% 
11  Id. 

^ Fuchs, 
Atm.  de 
Chim.  vi. 


f'da 
lime, 
barytes*, 
ftrontites;];, 
ammonia, 
magnefia, 
mercury. 


iMitrat  of 


filver, 

lead, 


Acetite  of  barytes, 
Muriat  of  limef , 

lead  11, 

— magnefia  ? 

foda  5[- 


It  has  a (harp  bitter  tade. 

It  is  foluble  in  twice  i'.s  own  weight  of  water  at  the 
temperature  of  60°,  and  in  its  own  weight  of  boiling 
water,  ^ 

According  to  Mr  Kirwan,  it  is  compofed  of  29,7  of 
alkali,  55,7  of  fulphuric  acid,  and  14,16  of  watery.  I Irijh 
When  expofed  to  the  air,  it  flowly  attrads  moifture. 

When  heated,  it  fird  decrepitates,  then  melts,  and  in 
clofe  veflels  fublimes,  but  with  feme  lofs  of  its  alkalif.  f 
It  has  not  hitherto  been  applied  to  any  ufe.  Minna 

It  is  apt  to  contain  an  excefs  of  acid.  “■ 

It  is  decompofed  by  compound  affinity  by  the  fol- 
lowing falts  : 


* Ann.  de 
Chim.  X.  40. 
6a8 

Sulphat  of 
foda. 


It  is  fometimes  luminous  in  the  dark,  as  Mr  Giobert 
has  obferved*. 

2.  Sulphat  of  foda. — This  fait  was  firft  difeovered  by 


Nitrat  of  lime, 

magnefia. 


mercury 


> 


Muriat  of  potafs, 
" — foda, 


Acetite  of  foda, 

barytes, 

lime, 

magnefia, 


I Irijh  _ 
‘Tranf.  iv. 


Glauber  a German  chemifi,  and  for  that  reafon  was 
long  known  by  the  name  of  Glauber's  fait.  He  him- 
felf  called  it  fJ  mirahile.  It  may  be  prepared  by  fatu- 
raling  foda  with  fulphuric  acid,  but  is  more  ufually 
obtained  by  decompofing  common  fait  in  order  to  pro- 
cure muriatic  acid. 

Its  cryftals  are  tranfparent,  and  when  formed  by 
flow  evaporation,  are  fix-fided  prifms  terminated  by  di- 
hedral fummits. 

Its  tafte  at  firft  has  fome  refemblance  to  that  of  com- 
mon fait,  but  foon  becomes  very  difagreeably  bitter. 

It  is  foluble  in  2,67  times  its  weight  of  water  at  the 
temperature  of  60°,  and  in  ,0,8  of  boiling  water. 

It  is  compofed,  according  to  Bergman,  of  27  parts 
of  acid,  15  of  alkali,  and  58  of  water;  but,  according 
to  the  experiments  of  Kirwan,  of  22  parts  of  acid,  17 
cf  alkali,  and  61  of  water. 

When  expofed  to  the  air,  It  lofes  great  part  of  its 
water,  and  falls  into  a white  powder  (n). 

When  expofed  to  heat  it  firft  undergoes  the  watery 
fvfion  (o),  then  its  water  is  evaporated,  it  is  reduced 
to  a white  powder,  and  at  laft  in  a red  heat  it  melts. 
Mr  Kirwan  has  obferved,  that  part  cf  the  acid,  as  well 
as  the  water,  is  driven  off  by  the  application  of  a ftrong 
heatf. 

This  fait  is  ufed  as  a purgative. 

It  often  combines  with  an  excefs  of  acid. 

It  is  decompofed  by  compound  affinity  by  the  fol- 
lowing fubftances. 


barytes, 
lime, 
gnefia. 


m 


mercury^ 


Carbonat  of  potafs, 

foda, 

barytes, 

lime, 

magnefia, 


Phofphat  of  limef. 


* Bergi 

\Belheji 


Nitrat 


of  lime, 
magnefia, 


Muriat  of  potafs. 


Acetite  of  barytes, 

potafs, 

lime, 


Schiele, 

629 

Sulphat  of 
ammonia. 


foda, 
magnefia, 
lime  f . 


Carbonat  of  barytes, 
■ potafs. 


3.  Sulphat  of  ammonia. — This  fait  was  difeovered 
by  Glauber,  and  called  by  him  fecret  fal  ammoniac.  It 
was  alfo  called  vittiolated  ammoniac.  It  may  be  prepar- 
ed by  faturating  ammonia  with  fulphuric  acid. 

Its  cryftals  are  generally  fmall  fix-fided  prifms,  whofe 
planes  are  unequal,  terminated  by  fix-fided  pyramids. 


Acetite  of  potafs, 

4 Sulphat  of  barytes.  This  fubftance  was  firft  dif-  Ann.  "dt 
covered  by  Scheele.  It  abounds  in  nature.  It  is  ge-  ' 
nerally  in  the  form  of  a hard  very  heavy  ftone. 

It  is  fometimes  found  cryftallized  ; but  the  variety  of  Sulphl' 
forms  is  fo  great  that  they  baffle  all  defeription.  tar^ 

It  is  foluble  in  43,000  times  its  weight  of  water  at 
the  temperature  of  the  atmofphere*.  * xim 

Sulphuric  acid  diffolves  it  when  concentrated  and  Miners 
boiling,  but  it  is  precipitated  by  the  addition  of  wa-  i* 
ter. 

When  expofed  to  heat  it  melts,  and,  if  the  heat  be 
very  ftrong,  gradually  diflipates.  631 

After  being  heated  red  hot,  It  has  the  property  of  Bologn 
being  luminous  in  the  dark.  This  was  firft  obferved 
in  a variety  of  this  fubftance  known  by  the  name  of  Bo- 
logna ftone.  Lemery  informs  us,  that  this  property 
was  firft  difeovered  by  an  Italian  Ihoemaker  named  Vin- 
cenzo Cafciarolo.  This  man  found  a Bologna  ftone  at 
the  foot  of  Mount  Paterno,  and  its  brightnefs  and  gra- 
vity made  him  fuppofe  that  it  contained  filver.  Having 
expofed  it  to  the  fire,  doubtlefs  in  order  to  extra^l  from 
it  the  precious  metal,  he  obferved  that  it  was  luminous 
in  the  dark.  Struck  with  the  difeovery,  be  repeated 
the  experiment,  and  It  conftantly  fucceeded  with  him. 

From  an  experiment  of  Mr  Klaproth,  it  appears  to  v 
be  compofed  of  33  parts  of  acid  and  77  of  barytes. 

It  is  decompofed  by  compound  affinity  by  the  fol- 
lowing falts ; 

Nitrat  of  foda,  Nitrat  of  magnefia, 

lime,  ' Carbonat  of  potafs, 

ammonia, foda*. 

5.  Sulphat  of  lime.  This  fubftance  was  well  known 

to  the  ancients  under  the  name  of  sypfum  ; but  the 

- - lime. 


i 


i 


I 


Afsvi 

63 


Margraf 


compofition  of  gypfum  was  not  known  till 
and  Macquer  analyfed  it,  and  proved  that  it  was  com- 
pofed of  fulphuric  acid  and  lime.  The  artificial  com- 
pound 


(m)  Moft  of  thefe  double  decompofitions  in  this  and  the  following  feffions  are  inferred  on  the  authority  of 
Morveau.  See  his  table  of  Ajffiniiy,  page  399  of  this  article. 

(k)  This  is  efflorejchig. 

(o)  When  fubftances  melt  by  means  of  the  v/ater  they  contain  on  the  application  of  heat,  they  are  faid  to 
undergo  the  watery  fufion. 
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And  pro- 
perties. 


* Neumann 
and  Chaptal. 
•f  Kirnvan 
and  Chaptal, 
^ Bergman. 

H Kirovan  s 
Min,  ii.  14. 


S Ibid. 


ftood  wltb  accuracy.  It  has  been  long  known,  indeed, 
that  one  of  its  ingredients  is  fulphuric  acid  (r)  ; and 
the  experiments  of  GeoflFroy,  Hellot,,  Pott,  Margraf, 
and  Macquer,  proved  inconteftib^  that  alumina  is  an- 
other ingredient.  But  fulphuric  acid  and  alumina  are 
incapable  of  forming  alum  : Manufadlurers  knew,  that 
the  addition  of  a quantity  of  potafs,  or  of  ammonia,  or 
of  fome  fubftance  containing  thefe  alkalies,  is  almoft 
always  neceifary  ; and  it  was  proved,  that  in  every  cafe 
in  which  fuch  additions  are  unnecelTary,  the  earth  from 
which  the  alum  is  obtained  contained  already  a quan- 
tity of  potafs.  Various  conjectures  were  made  about 
the  part  which  potafs  aCts  in  this  cafe  ; but  Chaptal  and 
Vauquelin  appear  to  have  been  the  firft  chemifls  that 
afcertained  by  decifive  experiments  that  alum  was  a 
triple  fait,  compofed  of  fulphat  of  alumina  and  of  po- 
tafs united  together  (s). 

Alum  cryftallizes  in  large  octahedrons,  compofed  of 
two  tetrahedral  pyramids,  applied  to  each  other  at 
their  bafes. 

It  has  a fweetifti  and  aftringent  tafte,  and  always 
reddens  the  tinCture  of  turnfol. 

It  is  foluble  at  the  temperature  of  60®,  in  from  10* 
to  15  f times  its  own  weight  of  water,  according  to  its 
purity  ; pure  alum  being  mod  infoluble.  Seventy-five 
parts  of  boiling  water  diffolve  100  of  alum  J. 

A hundred  parts  of  alum  contain,  according  to  Kir- 
w^an,  17,62  parts  of  acid,  18  of  earth  (and  alkali),  and 
64,38  of  water  \\. 

When  expofed  to  the  air  it  efflorefces  flightly. 

When  expofed  to  a gentle  heat  it  undergoes  the  wa- 
tery fufion.  A ftrong  heat  caufes  it  to  fwell  and  foam, 
and  to  lofe  about  44  per  cent,  of  its  weight,  confifting 
chiefly  of  water  of  cryftallization  What  remains  is 
called  calcined  or  burnt  alum,  and  is  fometimes  ufed  as 
a corrofive. 

Alum  is  of  great  importance  as  a mordant  in  dyeing, 
and  is  ufed  alfo  in  feveral  other  arts. 

By  compound  affinity  it  is  decompofed  by  the  fol- 


lowing falts. 

O 


Nitrat  of  foda, 

lime, 

ammonia, 

magnefla, 

Muriat  of  barytes, 

potafs, 

foda, 

lime, 

ammonia, 

majrnefia. 
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Homberg’s 

pyropho- 


Acetite  of  barytes. 


Acetite  of  potafs, 

foda, 

lime, 

ammonia, 

magnefia, 

Carbonat  of  barytes, 

potafs, 

foda, 

lime, 

ammonia, 

magnefia. 


If  three  parts  of  alum  and  one  of  flour  or  fugar  be 


rus. 


melted  together  in  an  iron  ladle,  and  the  mixture  dried  S«}ph 
till  it  becomes  blackifh  and  ceafes  to  fwell ; if  it  be 
then  pounded  fmall,  put  into  a glafs  phial,  and  placed 
in  a fand-bath  till  a blue  flame  hfues  from  the  mouth  of 
the  phial,  and  after  burning  for  a minute  or  two  be  al- 
lowed to  cool  (t),  a fubftance  is  obtained  known  by 
the  name  of  Homberg's  pyrophorusy  which  has  the  pro- 
perty of  catching  fire  w'henever  it  is  expofed  to  the 
open  air,  efpecially  if  the  air  be  moift. 

This  fubftance  was  accidentally  difcovered  by  Hom- 
berg  about  the  beginning  of  the  18th  century,  while  he 
was  engaged  in  his  experiments  on  the  human  fsces. 

He  had  diftilled  a mixture  of  human  feces  and  alum 
till  he  could  obtain  nothing  more  from  it  by  means  of 
heat  ; and  four  or  five  days  after,  while  he  was  taking 
the  refiduum  out  of  the  retort,  he  was  furprifed  to  fee 
it  take  fire  fpontaneoufly.  Soon  after  Lemery  the 
Younger  difcovered  that  honey,  fugar,  flour,  or  almoft 
any  animal  or  vegetable  matter,  could  be  fubftituted  ' 
for  human  feces  ; and  afterwards  Mr  Lejoy  de  Suvigny 
Ihewed  that  feveral  other  falts  containing  fulphuric  ” 
acid  might  be  fubftituted  for  alum.*  Scheele  proved,  *See  j 
that  alum  deprived  of  potafs  was  incapable  of  forming  qutr's  j 
pyrophorus,  and  that  fulphat  of  potafs  might  be  fubfti- 
tuted for  alum  '1-.  And  Mr  Prouft  has  ffiewn,  that  a .|. 
number  of  neutral  falts,  compofed  of  vegetable  acids  lire, 
and  alkalies,  or  earths,  when  diftilled  by  a ftrong  fire  in  Bjroph 
a retort,  left  a refiduum  which  took  fire  fpontaneoufly 
on  expofure  to  the  air. 

Thefe  fadts  have  thrown  a great  deal  of  light  on  the 
nature  of  Homberg’s  pyrophorus,  and  enabled  us  in 
fome  meafure  to  account  for  its  fpontaneous  inflamma- 
tion. It  has  been  afcertained,  that  part  of  the  fulphu- 
ric acid  is  decompofed  during  the  formation  of  the  py- 
rophorus, and  of  courfe  a part  of  the  alkaline  bafe  be- 
comes uncombined  with  acid,  and  the  carbon,  which 
gives  it  its  black  colour,  is  evidently  divided  into  very 
minute  particles.  It  has  been  afcertained,  that  during 
the  combuftion  of  the  pyrophorus  a quantity  of  oxygen 
is  abforbed.  The  inflammation  feems  to  be  owing  to  a 
difpofing  affinity.  Part  of  the  carbon  and  of  the  fulphur 
attraft  oxygen  from  the  atmofphere,  in  order  to  com- 
bine with  the  potafs,  and  the  caloric  difengaged  pro- 
duces a temperature  fufficiently  high  to  kindle  the  reft 
of  the  carbon. 

Alum  is  capable  of  combining  with  alumina,  and  of 
forming  what  has  been  called  alum  faturated  'with  its 
earth,  which  is  an  infoluble,  taftelefs,  earthy-like  fub- 
ftance. 

It  is  capable  alfo,  as  Chaptal  informs  us,  of  combi- 
ning with  feveral  other  bafes,  and  of  forming  many 
triple  falts,  which  have  never  yet  been  examined  with 
attention.*  * Ann 

II,  Chimti 


a t 


(r)  Some  chemifts  have  thought  proper  to  call  the  fulphuric  acid,  obtained  by  diftilling  alum,  ffiirit  of  alum. 

(s)  This  they  did  in  the  two  memoirs  above  quoted,  and  which  were  firft  publiflied  in  the  22d  volume  of  the 
Anndles  de  Chimie.  An  account  of  Vauquelin’s  memoir  has  been  already  given  under  the  article  Alum  in  this 
Supplement.  Chaptal’s  memoir  is  no  lefs  interefting.  This  celebrated  chemift  appears,  from  the  fafls  ftated  in 
the  23d  volume  of  the  Annnles,  p.  222.  to  have  made  his  difcovery  before  Vauquelin  ; who,  however,  was  igno- 
rant of  what  Chaptal  had  done,  as  he  informs  us  in  the  Ann.  de  Chim.  xxv.  107.  that  his  paper  was  read  to  the 
Inftitute  a fortnight  before  that  of  Chaptal’s  came  to  Paris.  He  informs  us,  too,  that  Defcroifilles  had  long  be- 
fore made  the  fame  difcovery,  and  that  he  had  publiflied  it  in  BerthollePs  Art  de  la  Teinture. 

(t)  Care  muft  be  taken  not  to  keep  it  too  long  expofed  to  the  heat. 
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iulphats.  II.  Sulphat  of  jargonia  (u).  In  order  to  combine 
jargonia  with  acids,  they  fliould  be  poured  upon  it 
ilphat  of  while  it  is  yet  moift,  after  being  precipitated  from  fome 
gonia.  of  its  folvents ; for  after  it  is  dry,  acids  do  not  adt  upon 
it  without  difficulty.  By  this  method  fulphat  of  jargo- 
nia is  eafily  formed.  It  is  white,  and  without  fenhble 
talle.  Heat  expels  the  acid  from  it,  and  the  jargonia 
remains  in  a ftate  of  purity.  At  a high  temperature 
charcoal  converts  it  into  a fulphuret,  which  is  foluble  in 
water,  and  which,  by  evaporation,  furniflies  cryftals  of 
hydrofulphuret  (t)  of  jargonia +. 

Klaproth  informs  us,  that  with  excefs  of  acid  ful- 
phat of  jargonia  forms  tranfparent  ftelliform  cryftals, 
foluble  in  water,  and  having  an  allringent  tafte  f . 

12.  Sulphat  of  iron.  There  are  two  fulphats  of  iron, 
which  were  firft  accurately  diftinguifhed  by  Mr  Prouft. 
The  one  contains  the  green  oxyd,  the  other  the  red 
oxyd  of  iron.  We  fliall,  in  imitation  of  Mr  Prouft,  de- 
643  nominate  them  from  their  colours, 
reen  ful-  The  green  fulphai  of  iron. — This  fait,  wdiich  is  com- 
jiatofiron.  pofed  of  fulphuric  acid  and  green  oxyd  of  iron,  is  found 
native,  and  was  known  to  the  ancients.  It  is  mention- 
aih.Txsks.  ed  by  Pliny  under  the  names  oi  fory,  calchantum.* 
1%.  It 

was  formerly  called  green  vitriol. 

It  is  generally  prepared  by  expofing  native  fulphuret 
of  iron,  a very  abundant  mineral,  to  air  and  moifture. 

Its  cryftals  are  of  a light  green  colour,  and  in  the 
form  of  rhomboidal  parallelopipeds. 

It  has  a lharp  aftringent  tafte. 

It  is  foluble  in  fix  times  its  weight  of  water  at  the 
temperature  of  60®,  and  in  -|ths  of  its  weight  of  boil- 
Bcrgman.  ing  water  f. 

It  is  infoluble  in  alcohol. 

According  to  Bergman,  it  is  compofed  of  39  parts 
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of  acid,  23  of  oxyd,  and  38  of  water;  but  according  Sulphat*. 
to  Mr  Kirwan,  of  26  parts  of  acid,  28  (u)  of  oxyd,  ' " 
and  46  of  water. 

When  expofed  to  the  air,  it  efflorefces  ; but  if  it  be 
moiftened,  it  is  gradually  converted  into  red  fulphat 
of  iron. 

When  heated,  it  firft  afiumes  a yellow  colour,  lofes 
its  water  and  its  acid ; if  the  heat  be  increafed,  no- 
thing remains  but  a yellow  powder. 

The  Pruffic  alkali  precipitates  from  the  folution  of 
this  fait  a white  powder,  which  gradually  becomes  blue 
by  attradting  oxygen  § 

It  is  ufed  in  dyeing,  and  in  making  ink,  &c. 

It  is  decompofed  by  compound  affinity,  by 
Nitrat  of  filver, 

Muriat  of  foda.* 

The  red  fulphat  of  iron  may  be  formed  by  expofing  ^ttthen^ 
a folution  of  green  fulphat  to  the  air,  or  by  treating  it  ‘^'*1' 
with  nitric  acid.  It  was  formerly  called  mother  ‘water 
of  vitriol. ^ ^ '’644 

Little  is  known  of  its  properties,  except  that  it  is  Redfulphas 
deliquefcent,  incryftallizablc,  and  foluble  in  alcohol.  hon. 

It  was  firft  accurately  examined  by  Mr  Prouft. 

The  green  fulphat  of  iron  generally  contains  fome  of 
it,  which  may  be  feparated  by  means  of  alcohol. 

It  is  alone  capable  of  forming  Pruffian  blue  with  the 
Pruffic  acid,  and  of  ftriking  a black  colour  with  the 
gallic  acid  f . f See 

We  have  obferved,  that  when  it  is  diluted  with  wa-  Proujl's  pi~ 
ter,  and  an  excefs  of  fulphuric  acid  is  poured  in,  it  isA''^’  Nkho!~ 
again  flowly  converted  into  green  fulphat.  Jons  Jour- 

13.  Sulphat  of  zinc. — This  fait,  according  to  the  "^’645^^" 
beft  accounts,  was  difcovered  at  Rammelfberg  in  Ger-  Sulphat  of 
many,  about  the  middle  of  the  i6th  century.  Many  a>inc. 

3 H afcribe 


ProuJ}, 


* Batten  and 


(u)  Jargonia,  or,  as  the  French  chemifts  call  it,  %irconla,  has  been  difcovered  in  great  abundance  in  France 
by  Morveau,  who  found  that  the  hyacinths  of  Expailly  contained  more  than  half  their  weight  of  it.  From  Vau- 
quelin’s  analyfis  they  appear  to  be  compofed  of 

32  parts  of  filica, 

64  jargonia, 

2 oxyd  of  iron. 

Jargonia  has  been  examined  with- great  care  by  thefe  two  philofophers,  the  experiments  of  Klaproth  have 
been  confirmed,  and  feveral  new  properties  of  it  have  been  difcovered.  Perhaps  a more  detailed  account  than 
we  have  hitherto  given  of  this  new  earth  may  not  be  unacceptable  to  our  readers. 

Jargonia  is  a white  powder,  its  fpecific  gravity  is  confiderable,  it  has  a feel  refembling  that  of  filica,  it  has  no 
tafte,  and  is  infoluble  in  water.  When  feparated  from  its  folutions  by  pure  alkalies,  it  retains,  when  expofed  to 
the  air  to  dry,  a pretty  confiderable  quantity  of  water,  which >fenders  it  tranfparent,  and  gives  it  a refemblance 
to  gum  arable  both  in  its  colour  and  fradture. 

When  expofed  to  the  heat  of  the  blow-pipe  it  does  not  melt ; but  Vauquelin  melted  it  by  expofing  it  furrounded 
with  charcoal  in  a porcelain  crucible  to  an  intenfe  heat  for  an  hour  and  a half.  Its  fpecific  gravity  was  then  4,35, 
its  colour  was  grey,  and  its  hardnefs  fuch  that  it  was  capable  of  fcratching  glafs.  It  melts  with  borax,  and  forms 
a tranfparent  and  colourlefs  glafs  ; but  phofphat  of  foda  and  the  fixed  alkalies  do  not  attack  it. 

It  is  infoluble  in  the  fixed  alkalies,  has  very  little  affinity  for  carbonic  acid,  and  is  precipitated  from  its  folu- 
tions together  with  iron  by  the  Pruffic  alkali. 

Its  affinities,  as  far  as  they  have  been  afeertained  by  Vauquelin,  are  as  follows : 

♦ Vegetable  acids,  order  unknown. 

Sulphuric  acid. 

Muriatic, 

Nitric. 

See  upon  this  fubje(ft  the  Memoirs  of  Morveau  and  Vauquelin,  Ann,  de  Chim.  xxi.  72,  and  xxii.  179. 

(t)  Thefe  curious  falts  form  the  fubjeift  of  the  next  chapter. 

(u)  Perhaps  the  quantity  of  oxyd  is  fomewhat  over  rated  here  ; for  before  it  was  examined  by  Mr  Kirwan, 
it  had  aflumed  a red  colour;  it  muft  therefore  have  been  converted  into  the  brown  or  red  oxyd  by  attra(3,ing 
oxygen  from  the  atmofphere.. 
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is  precipitated  ; for  the  triple  fait  is  rendered  much 
more  foluble  by  an  excefs  of  ammonia.  As  this  excefs 
evaporates,  the  fait  cryftallizes.  The  cryftals  are  poly- 
gons, very  brilliant  and  hard.  It  has  a (harp,  auftere, 
metallic  tafte.  It  has  no  peculiar  odour.  It  is  fcarcely 
foluble,  except  with  excefs  of  ammonia.  It  is  eompof- 
ed,  according  to  Fourcroy’s  analyfis,  of  i8  parts  of 
fulphuric  acid,  33  of  ammonia,  and  39  of  oxyd  of  mer- 
cury. Heat  deeompofes  it.  The  products  obtained  by 
diftilling  it  are,  a little  ammonia,  azotic  gas,  a little 
pure  mercury,  fome  fulphite  of  ammonia  ; and  there  re- 
mains yellow  fulphat  of  mercury.* 

This  triple  fait  may  be  formed  alfo  by  pouring  am- 
monia upon  acidulous  fulphat  of  mercury,  or  on  yellow 
fulphat  of  raercuryf. 

26.  Sulphat  of  filver. — This  fait  is  formed  by  pour- 
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Sulphat  of  jjjg  fulphuric  acid  on  oxyd  of  filver.  Its  cryftals  are 
fmall  needles.  It  melts  when  expofed  to  a ftrong  heat, 
but  does  not  fublime. 

\Ser^an.  It  is  decompofed  by  muriat  of  leadj. 
f 27.  Sulphat  of  gold. — This  fait  is  unknown. 

28.  Sulphat  of  platinum. — Unknown. 

29.  Sulphat  of  tungften. — Probably  no  fuch  combi- 
nation is  poflible. 

30.  Sulphat  of  molybdenum. — Probably  irnpoffible. 
Sulphat  of  31.  Sulphat  of  uranium. — This  fait  was  firft  form- 
uraniuin,  ed  by  Mr  Klaproth.  He  formed  it  by  pouring  fulphu- 
ric acid  on  the  oxyd  of  uranium.  Nothing  farther  is 
known  of  it,  except  that  its  cryftals  are  fmall,  and  of 
a yellow  colour. 

Titanium,  32.  Sulphat  of  titanium.-^Thls  fait  was  firft  formed 
by  Mr  M‘Gregor.  It  does  not  appear,  from  Klaproth’s 
660  experiments,  to  be  cryftallizable. 

TcUurinm.  33.  Sulphat  of  tellurium. — When  one  part  of  tellu- 
rium is  mixed  cold  in  a well  ftopped  veffel  with  an  hun- 
dred parts  of  concentrated  fulphuric  acid,  the  latter 
gradually  affumes  a beautiful  crimfon  red  colour : when 
a fmall  quantity  of  water  is  added,  drop  by  drop,  the 
colour  difappears,  and  the  metal  is  precipitated  in  the 
form  of  black  flakes.  The  folution  is  deftroyed  by 
heat,  the  colour  difappears,  and  the  metal  feparates  in 
the  ftate  of  a white  oxyd.  When  fulphuric  acid  is  di- 
luted with  two  or  three  parts  of  water,  and  a fmall 
quantity  of  nitric  acid  is  added,  it  diffolves  a confider- 
ble  quantity  of  tellurium.  The  folution  is  tranfpa- 
rent  and  colourlefs,  and  is  not  decompofed  by  the  ad- 
dition of  a Hrger  quantity  of  water;|;. 

Sect.  II.  Of  Sulphites. 
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Salts  compofed  of  fulphurous  acid  united  refpec- 
tively  with  alkalies,  earths,  or  oxyds,  are  called  fulphl'es. 
Thofe  hitherto  examined  are  the  following  : 

I.  Sulphite  of  potafs. — This  fait  was  firft  formed 
by  Stahl  ; but  was  firft  accurately  deferibed  by  Ber- 
thollet,  Fourcroy,  and  Vauquelin. 

It  may  be  formed  by  pafling  fulphurous  acid  Into  a 
faturated  folution  of  carbonat  of  potafs  till  all  effervef- 
cence  ceafes.  The  folution  becomes  hot,  and  cryftal- 
lizes by  cooling.* 

Its  cryftals  are  white  and  tranfparent ; their  figure 
that  of  rhomboidal  plates.  Its  cryftallization  often  pre- 
fents  fmall  needles  diverging  from  a common  centref. 

Its  tafte  is  penetrating  and  fulphurous.  At  the 
common  temperature  of  the  atmofphere,  it  is  foluble  in 
its  own  weight  of  water,  but  much  more  foluble  in 
boiling  water. 


When  expofed  to  the  a’r,  It  efilorcfces,  becomes 
opaque  and  hard,  and  is  gradually  converted  into  fulphat 
of  potafs  by  abforbing  oxygen . 

When  expofed  to  afudden  heat,  it  decrepitates,  lofes 
its  water:  at  a red  heat  fome  fulphurous  vapours  are 
emitted  ; at  laft  a portion  of  fulphur  feparates,  and  the 
refiduum  is  fulphat  of  potafs,  with  a flight  excefs  of  al- 
kali. 

Nitric  and  oxy-murlatic  acids  convert  it  into  fulphat 
of  potafs  by  imparting  oxygen. 

It  deeompofes  the  oxyds  of  gold,  filver,  mercury, 
the  red  oxyd  of  lead,  the  black  oxyd  of  manganefe,  and 
the  brown  oxyd  of  iron.  When  the  green  oxyd  of  iron 
and  the  white  oxyd  of  iron  are  boiled  with  it  in  water, 
and  an  acid  added,  a precipitate  takes  place  of  thefe 
bodies  united  to  fome  fulphur,  and  the  fait  is  convert- 
ed into  a fulphat  : at  the  fame  time  fulphurated  hydro- 
gen gas  is  emitted. 

By  compound  affinity  It  is  decompofed  by 

All  falts  with  bafe  of  foda,  except  the  borat  and  car- 
bonat ; 

All  metallic  falts  except  carbonats  ; 

All  neutral  falts  whofb  acid  has  a ftrOnger  affinity 
for  potafs  than  fulphurous  acid  hasf. 

2.  Sulphite  of  foda. — This  fait  was  firft  accurately 
deferibed  by  Fourcroy  and  Vauquelin. 

It  is  white  and  perfedtly  tranfparent.  Its  cryftals 
are  four-fided  prifms,  with  two  very  broad  fides  and  two 
very  narrow  ones,  terminated  by  dihedral  pyramids. 

Its  tafte  is  cool  and  fulphurous. 

It  is  foluble  in  four  times  its  weight  of  cold  water, 
but  it  is  more  foluble  In  hot  water. 

It  is  compofed  of  18,8  parts  of  foda,  31,2  of  acid, 
and  50  of  water. 

By  expofure  to  air,  it  effiorefees,  and  is  flowly  con- 
verted into  a fulphat. 

When  expofed  to  heat,  it  undergoes  the  watery  fu- 
fion,  and  afterwards  exhibits  precifely  the  fame  pheno- 
mena as  the  fulphite  of  potafs. 

Metallic  oxyds  and  falts  alFed  it  precifely  as  they 
do  fulphite  of  potafs. 

It  is  decompofed  by  compound  affinity  by  carbonat 
of  potafs,  and  the  other  falts  which  decompofe  fulphite 
of  potafs  11 . 

3.  Sulphite  of  ammonia. — This  fait  was  firft  deferib- 
ed by  Fourcroy  and  Vauquelin^]'. 

It  cryftallizes  in  fix-fided  prifms  terminated  by  fix- 
fided  pyramids.  _ _ aniVauque- 

Its  tafte  is  cool  and  penetrating  like  that  of  the /;,7,  iV>V;j9/- 
other  ammoniacal  falts,  but  it  leaves  a fulphurous  \vsx.fpns  Jour. 
preflion  in  the  mouth.  3t7* 

It  is  foluble  in  its  own  vveight  of  cold  water.  Its 
folubility  is  Increafed  by  heat. 

It  is  compofed  of  29,07  parts  of  ammonia,  60,06  of 
acid,  and  10,87  water. 

When  e.xpofed  to  the  air,  it  attiads  inoifture,  and  is 
foon  converted  into  a fulphat. 

Heat  volatilizes  it  without  decompofition. 

Its  habitudes  with  metallic  oxyds  and  falts  are  ne.iily  -|-  /i;V. 
the  fame  with  thofe  of  the  above  deferibed  fulphites,  664 
only  it  Is  capable  of  forming  with  feveral  of  them  triple  Sulphite  of 
faltsf. 

4.  Sulphite  of  barytes. — This  fait  was  firft  deferibed  a/m.'ilsj. 

by  BertholletJ.  * Fourcroy 

It  is  incryftallizable  ; it  has  no  perceptible  tafte  ; and  and  Fauque< 
is  perfedtly  iafoluble  in  water*. 
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It  is  compofed  of  59  parts  of  barytes,  39  parts  of 
acid,  and  2 of  water. 

It  does  not  eafily  change  into  a fulphat  by  expofure 
to  air ; but  heat  produces  this  elFedJ. 

5.  Sulphite  of  lime. — This  fait  was  firft  deferibed  by 
Berthollety. 

Its  cry  dais  are  fix-fided  prifms,  terminated  each  by 
a very  long  pyramid*. 

It  has  fcarcely  any  tafte ; however,  when  kept  long 
in  the  mouth,  it  communicates  to  the  tongue  a tafte 
which  is  manifeftly  fulphurous. 

It  is  very  fparingly  foluble  in  water,  except  with  ex- 
cels of  acid.  V 

It  is  compofed  of  47  parts  of  lime,  48  of  fulphurous 
acid,  and  5 of  water. 

By  contaft  of  air  it  is  converted  into  a fulphat,  but 
very  (lowly. 

Heat  converts  it  Into  a fulphat  by  depriving  it  of 
a portion  of  fulphur. 

It  is  decompofed  by  compound  affinity  by 
Carbonats  of  alkalies,  Fluats  of  alkalies, 
Phofphats  of  alkalies,  Moft  metallic  falts*. 

6.  Sulphite  of  magnefta. — This  fait  was  firft  deferib- 
ed  by  Fourcroy  and  Vauquelin. 

Its  cryftals  are  white  and  tranfparent,  and  in  the 
form  of  depreffed  tetrahedrons. 

Its  tafte  is  mild  and  earthy  at  firft,  and  afterwards 
fulphurous. 

It  is  fparingly  foluble  in  water,  except  when  there  is 
an  excefs  of  acid. 

It  is  compofed  of  16  parts  of  magnefia,  39  of  acid, 
and  45  of  water. 

It  becomes  opaka  when  expofed  to  the  air ; Is  very 
flowly  converted  into  a fulphat. 

By  expofure  to  heat.  It  foftens,  fwells  up,  and  be- 
comes duflile  like  gum ; a ftrong  heat  decompofes  it 
altogether. 

It  is  decompofed  by 

Alkaline  lalts. 

Earthy  falts,  except  thofe  of  aluminaf. 

7.  Sulphite  of  alumina. — Firft  formed  by  Berthollet. 

It  does  not  cryftallize,  but  is  converted  into  a foft 

dudlile  mafs.  It  is  not  foluble  in  water,  but  becomes 
abundantly  fo  when  there  is  an  excefs  of  acid. 

It  is  pompofed  of  44  parts  of  alumina,  32  of  acid, 
and  24  of  water. 

Heat  decompofes  it^. 

8.  Sulphite  of  iron. — It  was  firft  formed  by  Berthol- 
let. 

Its  cryftals  are  white,  and  have  but  very  little  of  the 
ftyptic  tafte  of  iron  falts*. 

Berthollet  alfo  formed  the  fulphites  of  zinc  and  tin, 
but  he  has  not  deferibed  them. 

Sect.  III.  Of  Nitrats. 

Those  falts,  in  the  compofition  of  which  the  nitric 
acid  forms  one  ingredient,  are  called  nitrats. 

I.  Nitrat  of  potafs,  nitre,  or  faltpetre — As  this  fait 
is  produced  naturally  in  confiderable  quantities,  parti- 
cularly in  Egypt,  it  is  highly  probable  that  the  ancients 
v.’ere  acquainted  with  it ; but  fcarcely  any  thing  cer- 
tain can  be  colledcd  from  their  writings.  If  Pliny 
mentions  it  at  all,  he  confounds  it  with  foda,  which  was 
known  by  the  names  of  nitron  and  nitrum.  It  is  cer- 
tain, however,  that  it  has  been  known  in  the  eaft  from 
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time  immemorial.  Roger  Bacon  mentions  this  fait  in 


Nitrat 

the  13  th  century  under  the  name  of  nitre.  w-v-. 

It  cryftallizes  in  (lender  oblong  hexagonal  prifms,  of. 
ten  ftriated,  terminated  by  hexagonal  pyramids  oblique- 
ly truncated.  Its  fpecific  gravity  is  1,920. 

Its  tafte  is  (liarp,  bitterilh,  and  cooling. 

It  is  foluble  In  (even  times  its  weight  of  water  at  the 
temperature  of  60°,  and  in  nearly  its  own  weight  of 
boiling  waterf.  ^ ^ \ Ber^mi. 

According  to  Bergman,  it  is  compofed  of  31  parts  1 

of  acid,  61  of  potafs,  and  8 of  water  ; but  this  propor- 
tion of  acid  is  undoubtedly  too  fmall.  According  to 
Mr  Kirwan,  it  Is  compofed  of  41,2  of  acid,  46,15  of 
alkali,  and  12,65  water:{;.  \ Minera 

It  is  not  altered  by  expofure  to  the  air.  ii.  a;. 

When  expofed  to  a ftrong  heat,  it  melts  ; and  con- 
geals by  cooling  Into  an  opake  mafs,  which  has  been 
called  mineral  cryflal.  If  the  heat  be  continued,  the 
acid  is  gradually  decompofed  and  driven  off.  When 
the  folution  of  nitre  is  expofed  to  a boiling  heat,  part  of 
the  fait  is  evaporated  along  with  the  water,  as  Wallerius, 

Kirwan,  and  Lavoifier,  obferved  fucceffively.  When 
nitre  is  expofed  to  heat  along  with  many  combuftible 
fubftances,  its  acid  is  decompofed  ; the  combuftible  feizes 
the  oxygen,  and  at  the  fame  time  a lively  white  flame 
appears,  attended  with  a decrepitation:  this  is  called 
the  detonation  of  nitre. 

Nitre  mixed  with  charcoal  and  fulphur  in  proper 
proportions  forms  gunponvder. 

Nitre  is  decompofed  by  compound  affinities  by 
Acetite  of  barytes. 

No  phenomenon  has  excited  the  attention  of  chemi-  Reprodu 
cal  philofophers  more  than  the  continual  reproduction  tion  of  i 
of  nitre  in  certain  places  after  it  had  been  extracted  from 
them.  Prodigious  quantities  of  this  fait  are  neceffary 
for  the  purpofes  of  war ; and  as  Nature  has  not  laid  up 
great  magazines  of  it  as  (he  has  of  fome  other  falts,  this 
annual  reproduction  Is  the  only  fource  from  which  it  can 
be  procured.  It  became,  therefore,  of  the  utmoft  confe- 
qucnce,  if  poffible,  to  difeover  the  means  which  Nature  1 

employed  in  forming  it,  in  order  to  enable  us  to  imitate  j 

her  proceffes  by  art,  or  at  lead  to  accelerate  and  facilitate  j 

them  at  pleafure.  Numerous  attempts  accordingly  have  i 

been  made  to  explain  and  to  imitate  thefe  proceffes.  I 

Stahl,  fetting  out  on  the  principle  that  there  is  I 

only  one  acid  in  nature,  fuppofed  that  nitric  acid  is  j 

merely  fulphuric  acid  combined  with  phlogifton;  and 
that  this  combination  is  produced  by  putrefaction  : he 
affirmed  accordingly,  that  nitre  is  compofed  by  unit- 
ing together  potafs,  fulphuric  acid,  and  phlogifton. 

But  this  opinion,  which  was  merely  fupported  by  very 
far-fetched  analogies,  could  not  ftand  the  teft  of  a rigo- 
rous examination. 

Lemery  the  Younger  accordingly  advanced  another ; 
affirming,  that  all  the  nitre  obtained  exifts  previoufly 
in  animals  and  vegetables,  and  that  it  is  formed  in 
thefe  fubftances  by  the  proceffes  of  vegetation  and  ani- 
malization.  But  it  was  foon  difeovered  that  nitre  ex- 
ifts, and  is  actually  fofmed,  in  many  places  where  *\ 
no  animal  nor  vegetable  fubftance  had  been  decompof- 
ed ; and  confequently  this  theory  was  as  untenable  as  ; 

the  former.  So  far  indeed  is  it  from  being  true  that 
nitre  is  formed  alone  by  thefe  proceffes,  that  the  quan- 
tity of  nitre  in  plants  has  been  found  to  depend  entire- 
ly on  the  foil  in  which  they  grow*.  • 
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Nitrat  of  ammonia  and  magnefia.  This  triple  fait 
was  difeovered  by  Mr  Fourcroy.  Into  a faturated  fo- 
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lution  of  nitrat  of  magnefia,  containing  73  grains  of 
naagnefia,  he  poured  ammonia  as  long  as  any  precipi- 
tate could  be  obtained.  Twenty-one  grains  of  magne- 
fia were  precipitated,  52  grains  remained  combined  with 
the  acid  and  the  ammonia.  He  found  that  52  grains 
of  magnefia  produced,  when  faturated  with  nitric  acid, 
288  grains  of  nitrat  ; and  that  the  quantity  of  nitric 
acid  neceffary  to  faturate  21  grains  of  magnefia,  when 
faturated  wdth  ammonia,  produced  84  grains  of  nitrat 
of  ammonia.  He  concludes,  therefore,  though  the  da- 
ta are  not  quite  fatisfaiftory,  that  the  triple  fait  is  com- 
pofed  of  288  grains  of  nitrat  of  magnefia,  and  84  of  ni- 
trat of  ammonia*. 

9.  Nitrat  of  alumina.  This  feems  to  have  been  firft 
attended  to  by  Baume. 

Its  cryftals  are  pyramidal.  It  has  a very  aftringent 
tafte.  it  is  foluble  in  water,  and  deliquefces  in  the 
air. 

10.  Nitrat  of  jargonia.  This  fait  may  be  eafily 
formed  by  pouring  nitric  acid  on  newly  precipitated 
jargonia. 

It  always  contains  an  excefs  of  acid.  By  evapora- 
tion a yellowifti  tranfparent  matter  is  obtained,  exceed- 
ingly tenacious  and  vifcid,  and  which  dries  with  diffi- 
culty. It  has  an  aftringent  tafte,  and  leaves  on  the 
tongue  a vifcid  matter,  owing  to  its  being  decompofed 
by  the  faliva.  It  is  only  very  fparingly  foluble  in  wa- 
ter ; the  greateft  part  remains  under  the  form  of  gelati- 
nous and  tranfparent  flakes.  Like  all  the  other  falts 
into  which  jargonia  enters,  it  is  decompofed  by  heat.  It 
is  decompofed  alfo  by  fulphuric  acid,  which  occafions  a 
white  precipitate,  foluble  in  excefs  of  acid  ; by  carbonat 
of  ammonia,  which  produces  a precipitate  foluble  by 
adding  more  carbonat  ; and  by  an  infufion  of  nut  galls 
in  alcohol,  which  produces  a white  precipitate  foluble 
in  an  excefs  of  the  infufion,  unlefs  the  jargonia  con- 
tains iron,  in  which  cafe  the  precipitate  is  a greyifh 
blue,  and  part  of  it  remains  infoluble,  giving  the  liquor 
a blue  colour.  This  liquor,  mixed  with  carbonat  of  am- 
monia,  produces  a matter  purple  by  tranfmitted  light, 
but  violet  by  reflected  light.  Gallic  acid  alfo  precipi- 
tates nitrat  of  jargonia  of  a greyifh  blue,  but  the  co- 
lour is  not  fo  fine.  Moft  of  the  other  vegetable  acids 
decompofe  this  fait,  and  form  combinations  infoluble  in 
f VduqueVitt,  waterj'. 

Ann.de  ^ j Nitrat  of  iron.  The  green  oxyd  of  iron  decom- 
Chim.  xxii.  Ijuj-  (jQes  not  combine  with  nitric  acid.  The 

brown  oxyd  forms  with  it  a red  or  brown  folution, 
which  by  evaporation  may  be  reduced  to  a jelly,  but 
will  not  cryftallize. 

12.  Nitrat  of  zinc.  The  oxyd  of  zinc  combines 
with  nitric  acid,  and  forms  wfith  it  a fait  which  cryftal- 
lizes  in  ccmpreffed  and  ftriated  tetrahedral  prifms,  ter- 
minated by  four-fided  pyramids. 


Its  folution  is  exceedingly  cauflic.  When  placed 
on  burning  coals,  it  melts  and  detonates  as  it  dries.  It 
can  fcarcely  be  dried  without  being  in  fome  meafure  de- 
compofed. 

It  deliquefces  in  the  air*. 

13.  Nitrat  of  manganefe.  This  fait,  compofed  of 
oxyd  of  manganefe  and  nitric  acid,  was  firft  examined 
by  Scheele.  Its  cryftals  are  fmall  and  Ihining,  of  a 
very  bitter  tafte,  and  foluble  in  waterf . 

14.  Nitrat  of  cobalt.  It  is  of  a pale  red  colour,  and 
cryftallizes  in  needles.  It  deliquefces  when  expofed  to 
the  air.  Heat  decompofes  it.  When  nickel  is  prdfent, 
this  faltafTumes  a green  colour. 

15.  Nitrat  of  nickel.  Its  cryftals  are  of  a green  co- 
lour, and  in  the  form  of  rhomboidal  cubes.  They  are 
deliquefeent,  and  are  gradually  decompofed  when  expo- 
fed  to  the  air,  the  acid  leaving  them;};. 

16.  Nitrat  of  lead.  Nitric  acid  combines  with  the 
white  oxyd  of  lead.  The  cryftals  of  this  fait  are  of  a 
white  colour  ; their  form  an  irregular  oiftogon,  or  ra- 
ther truncated  hexahedral  pyramid.  When  expofed  to 
heat  it  decrepitates,  and  melts  with  a yellowifti  flame. 
By  compound  affinity  it  is  decompofed  by 
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17.  Nitrat  of  tin.  Tin  is  converted  into  an  acid  by  ^ 

nitric  acid.  It  is  not  probable,  therefore,  that  any  per- 
manent  nitrat  of  tin  can  be  formed.  ( 

18.  Nitrat  of  copper.  This  fait  appears  to  have  Of  c 
been  firft  obtained  by  Macquer. 

Its  form,  xvhen  properly  cryftallized,  is  an  oblong  pa- 
rallelogram. It  is  of  a fine  blue  colour.  It  is  exceed- 
ingly cauftic.  It  melts  at  77®^.  \ 

It  is  deliquefeent  in  a moift  air,  but  in  a dry  place  is 
covered  with  a green efflorefcence.  It  is  very  foluble  in 
water.  Heat  decompofes  it.  ( 

19.  Nitrat  of  bifmuth.  This  fait  cryftallizes  in  va- Ofbi 
rious  forms.  Fourcroy  obtained  it  in  flattened  rhom- 
boids. It  efflorefees  in  the  air.  Water  decompofes  it. 

It  detonates  in  the  fire.  t 

20.  Nitrat  of  antimony.  Little  is  known  concern-  Of  a 

ing  this  fait,  except  that  it  is  very  deliquefeent,  and  is 
decompofed  by  heat.  ( 

21.  Nitrat  of  arfenic.  With  white  oxyd  of  arfenic  Of  a 

nitric  acid  forms  a fait  which  cryftallizes.  It  is  very 
deliquefeent.  It  does  not  detonate.  < 

22.  Nitrat  of  mercury.  This  fait  may  be  formed  by 
diflblving  mercury  in  nitric  acid.  It  cryftallizes  in  the  ’ 
cold  in  regular  fiat  14-fided  figures ; but  their  form  dif- 
fers according  to  the  manner  in  which  the  cryftalliza- 
tion  has  been  performed. 

It  is  foluble  in  water. 

This  fait  is  exceedingly  cauftic.  It  detonates  on 
coals.  When  heated  in  a crucible  it  melts,  and  is  de- 
compofed. The  oxyd  attrads  oxygen  from  the  acid, 
which  flies  off  in  the  form  of  nitrous  gas,  and  red  oxyd 
of  mercury  remains  behind. 

It  is  flowly  decompofed  alfo  in  the  air.  It  is  decom- 
pofed by  compound  affinity  by 

Sulphat  of  copper,  and  a great  many  other  fulphats, 

Phofphat  of  foda, 

Borax. 

23.  Nitrat  of  ammonia  and  mercury.  This  triple 
fait  may  be  formed  by  pouring  ammonia  into  a folution 
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of  nitrat  of  mercury.  If  only  enough  of  ammonia  to 
faturate  the  acid  be  ufed,  the  triple  fait  precipitates  in 
the  form  of  a white  powder  ; but  with  an  excefs  of  am- 
monia it  remains  diflblved,  and  forms,  by  evaporation 
very  bright  polyhedral  cryftals. 

It  has  a very  iharp  taftc.  It  is  foluble  in  1200  parts 
of  water  at  the  temperature  of  55°.  Hot  water  fe- 
parates  a little  ammonia  which  renders  it  ftill  more  in- 
foluble.  It  turns  vegetable  blues  green.  Muriatic 
acid  dilfolves  it. 

According  to  Fourcroy’s  analyfis,  it  is  compofed  of 
68,20  parts  of  oxyd  of  mercury,  16  of  ammonia,  and 
15,80  of  nitric  acid  and  water. 

When  diftilled  it  yields  ammonia,  azotic  gas,  oxygen 
gas,  yellow  oxyd  of  mercury,  and  pure  mercury.* 

24.  Nitrat  of  filver.  This  fait  may  be  formed  by 
diffolving  filver  in  nitric  acid. 

It  forms  flat  tranfparent  cryftals  compofed  of  needles. 
It  is  exceedingly  cauftic.  When  melted  it  forms  a grey 
mafs  called  lapis  infernalist  from  its  great  corrofivenefs. 

It  is  very  foluble  in  water.  It  is  not  altered  by  ex- 
pofure  to  the  air.  Light  decompofes  it. 

By  compound  affinity  it  is  decompofed  by 
The  fulphats. 

The  muriats. 

25.  Nitrat  of  uranium.  This  fait  was  firft  formed 
by  Klaproth.  Its  cryftals  are  hexagonal  plates  of  a 
greenifti  yellow  colour.  The  largeft  were  ^ths  of  an 
inch  in  length  and  ^th  in  breadth  f . 

26.  Nitrat  of  titanium.  It  is  capable  of  cryftallizing. 

27.  Nitrat  of  tellurium.  The  folution  of  tellurium 
in  nitric  acid  is  tranfparent  and  colourlefs.  When  con- 
centrated, it  produces  in  time  fmall  white  light  cryftals 
in  the  form  of  needles,  which  exhibit  a dendritic  ag- 
gregation 

Sect.  IV.  Of  Nitrites. 

The  falts  which  the  nitrous  acid  forms  with  alkalies, 
earths,  and  metallic  oxyds,  are  denominated  nitrites. 
Very  few  of  them  have  been  examined  ; we  fnall  not 
therefore  attempt  a defcription  of  them. 

Sect.  V.  Of  Muriats. 

Salts  into  which  the  muriatic  acid  enters  are  called 
muriats. 

Muriat  of  potafs.  This  fait  was  formerly  called 


2.  Muriat  of  foda,  common  or  fea  fait.  This  fait  Muriats. 
has  been  known,  and  in  common  life,  from  the  earlieft 
ages.  It  is  fometlroes  called  alfo  fal gem.  Muriat  of 

Its  cryftals  are  cubes,  but  they  often  aflume  other  foda. 
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forms.  Its  fpecific  gravity  is  2,120.’ 

Its  tafte  is  univerfally  known,  and  is  what  is  ftridly 
fpeaking  denominated  fait. 

It  is  foluble  in  2t4  times  its  weight  of  -water  at  the 
temperature  of  60®,  and  in  2-^4  its  weight  of  boiling 
water '1-.  \ Bergman. 

According  to  Bergman,  it  is  compofed  of  52  parts 
of  acid,  42  of  alkali,  and  6 of  water.  According  to 
the  late  experiments  of  Mr  Kirwan,  of  40  parts  of 
acid,  35  of  alkali,  and  25  of  water. 

It  is  not  affefled  by  expofure  to  the  air.  It  ought  to 
be  obferved,  however,  that  the  muriat  of  foda  in  com- 
mon ufe  contains,  beftdes  other  impuiities,  a quantity  of 
muriat  of  magnefia,  which  renders  it  deliquefcent. 

When  heated  it  decrepitates.  Heat  volatilizes,  but 
does  not  decompofe  it. 

The  following  falts  decompofe  it  by  compound  affi- 
nity 


Sulphat  of  ammonia, 

alumina, 

potafs,* 

iron  -f, 

Nitrat  of  ammonia. 


Nitrat  of  filver^, 
Acetite  of  barytes, 
Pyrolignite  of  barytes 
lead  II , 


Fuchs') 
Ann.  dc 
Cbim.  VI. 
29. 

I , •}•  Bullen, 
ibid.  xi. 


— magnefia, 
alumina, 

— lead  j;. 


Chim.  xiv., 

15- 


febrifuge  or  digefive  fait  of  Sylvius,  and  regenerated  fea  fait. 

'■  Its  cryftals  are  cubes,  but  ralher  irregular. 

It  has  a difagreeable  bitter  tafte.  Its  fpecific  gravi- 
J rvian.  ty  is  1,836 

’ It  is  foluble  in  three  times  Its  weight  of  water  at  the 

temperature  of  60®,  and  in  double  its  weight  of  boiling 
water  <1[. 

It  is  compofed,  according  to  Bergman,  of  31  parts 
of  acid,  61  of  potafs,  and  8 of  water.  Kirwan  has 
found  it  to  contain  36  of  acid,  46  of  alkali,  and  18  of 
! r-wuns  water  |j . 

It  fuffers  little  alteration  from  expofure  to  the  air. 
When  expofed  to  heat,  it  firft  decrepitates,  then  melts, 
and  at  laft  is  volatilized,  but  w’ithout  decompofition. 
The  following  falts  decompofe  it  by  compound  affinity  i 
Sulphat  of  foda,  Nitrat  of  ammonia, 

— — magnefia. 


Carbonat  of  potafs  ia), 

Alum  {b),  \ Mornscu. 

Red  oxyd  of  lead  (c).  y M^rZau. 

Ann.  de 

That  the  red  oxyd  of  lead  decompofes  this  fait  is  a Chim.  xlx. 
well  known  fadt,  and  it  has  been  confidered  as  contrary 
to  the  laws  of  affinity.  Mr  Haffenfratz  endeavoured 
to  account  for  it  by  fuppofing  that  the  oxyd  is  com- 
bined  with  carbonic  acid,  and  that  therefore  it  is  a cafe  Chim.  xxvi. 
of  compound  affinity.  Mr  Curaudau  has  proved  that  a97- 
carbonic  acid,  inftead  of  promoting,  impedes  the  decom- 
pofition  ; and  that,  in  fadf,  carbonat  of  lead  is  inca- 
pable  of  decompofing  muriat  of  foda.  He  concludes,  compofed 
therefore,  that  the  phenomenon  cannot  be  accounted  by  red  oxyd 
for  by  the  commonly  received  laws  of  affinity.*  We  of  lead, 
cannot,  however,  think,  that  the  phenomenon  is  fo 
unaccountable  as  Mr  Curaudau  fuppofes ; for  muriatic 
acid  is  capable  of  decompofing  the  red  oxyd  of  lead,  of 
combining  with  part  of  its  oxygen,  and  of  being  convert- 
ed into  oxy-muriatic  acid.  Now  if  oxy-muriatic  and 
nitro-muriatic  acids  be  merely  the  fame  fubftance  In  a 
different  form,  as  there  is  the  ftrongeft  reafon  for  fup- 
pofing, the  wffiite  oxyd  of  lead  has  a flronger  affinity  for 
it  than  foda  has,  and  ought  therefore  to  decompole  it. 

3.  Muriat  of  am.monia,  or  fal  ammoniac.  This  fait  Muriat  of 
was  known  to  the  ancients,  and  was  called  by  them  fal  ammonia. 
ammordac,  becaufe  it  was  found  in  great  q-aantities  near 
the  temple  of  Jupiter  Ammon  in  Africa.*  * Piiny, 

It  affurnes  the  form  of  plumofe  cryftals.  The  indl- 
vidual  cryftals  are  long  hexahedral  pyramids.  Its  fpe- 
cific  gravity  is  1,420  f.  _ «L,Encyc. 

It  has  an  acrid,  poignant,  urinous  tafte.  -j  jcir-wan. 

It  diffolves  in  about  three  times  its  weight  of  water 
at  the  temperature  of  60®,  and  in  a much  fmaller  quan- 
tity of  boiling  water. 

It  is  compofed,  according  to  Kirwan,  of  35  parts  of 
acid,  30  of  alkali,  and  45  of  water  t.  ^ X/rzvanj 

In  us  common  form  (which  is  an  opaque  mals)  it  is  j. 
not  affeifted  by  the  air,  but  its  cryftals  are  liable  to  de- 
liquefce. 
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Heat  volatilizes  without  decompofing  it. 

The  following  falts  decompofe  it  by  compound  affi- 
nity 


S T R Y. 


Part 


Sulphat  of  alumina, 
Mitrat  of  foda, 
lead, 


Acetite  of  magnefia, 

— alumina, 

lead, 


Acetite  of  barytes, 

I potafs, 

• foda, 
lime. 


Carbonat  of  barytes, 

potafs, 

magnefia(y) 


* Storr, 
Crell's  Neio 


Difcomcriss, 
&c.  Part  ii. 
p.  41. 
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Muriat  of 
barytes, 


When  this  fait  is  fublimed  with  gold  leaf,  there  is 
found  in  the  neck  of  the  retort  an  amethyft  coloured 
matter,  bordering  on  purple,  foluble  in  water,  and 
forming  a purple  folution.  When  filtered  there  re- 
mains behind  a purple  powder.  This  fait  feems  from 
this  to  be  capable  of  oxydating  gold.* 

4.  Muriat  of  barytes.  This  fait  was  firft  defcribed 


It  very  fpeedily  dcliquefces  when  expofed  to  the  air.  Mu 
By  heat  it  melts  into  a very  hard  vitreform  fub- 
ftance. 

The  following  falts  decompofe  it  by  compound  affi- 
nity : , 

Sulphat  of  foda,  Carbonat  of  potafs,  i 

ammonia, foda,  | 

magnefia, ammonia,*  • Ser  h. 

^ alumina,  - ■ barytes,  ' 

Nitrat  of  foda, magnefia,  ' 

ammonia, alumina, 

magnefia,  Acetite  of  barytes, 

alumina, potafs, 


foda. 


7' 


by  Bergman,  but  it  ha-s  been  moft  particularly  attended 
to  by  Dr  Crawford. 

It  affords  oblong  fquare  cryftals. 

It  has  an  unpleafant  aftringent  tafte. 

It  is  not  very  foluble  in  water.  It  is  foluble  in  al- 
cohol. 

It  is  not  altered  by  expofure  to  the  air,  nor  does  heat 
in  all  probability  decompofe  it. 

Dr  Craw'fcrd  wrote  a treatife  on  it  in  1790,  in  w’hich 
he  recommended  its  ufe  internally  for  fcrofulous  com- 
plaints. Care  ought  to  be  taken  not  to  give  it  in  too 
large  quantities,  as,  like  the  other  compounds  of  bary- 
tes, it  is  poifonous. 

The  following  falts  decompofe  it  by  compound  affi- 
nity ( z ) : 


Sulphat  of  foda, 

— ammonia, 

— magnefia, 

— alumina. 


Nitrat  of  lime, 

ammonia, 

magnefia, 

alumina. 


* Dr  Pear- 
fort. 
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Muriat  of 
lime, 


Nitrat  of  foda. 


Phofphat  of  lime.* 


5- 

was 


Muriat  of  ammonia  and  barytes.  This  triple  fait 
firft  difcovered  by  Fourcroy.  It  may  be  formed 
by  pouring  a carbonat  of  ammonia  into  a folution  of 
muriat  of  barytes.  It  is  eafily  decompofed  by  heat, 
but  none  of  the  alkalies  nor  their  carbonats  are  capable 
of  altering  it  f . 

6.  Muriat  of  lime.  This  fait  was  formerly  called 
Jixed  ammoniac,  bccaufe  it  was  commonly  obtained  by 
decompofing  fal  ammoniac  by  means  of  lime. 

Its  cryftals  are  four-fided  ftriated  prifms,  terminated 
by  a very  (harp  pyramid  ; but  it  is  not  eafily  cryftal- 
lized. 

Its  tafte  is  very  bitter. 

It  is  foluble  in  about  i4-  parts  of  cold  water,  and  in 
lefs  than  its  own  weight  of  boiling  water.  Alcohol 
diffolves  its  own  weight  of  it. 

According  to  Bergman,  it  is  compofed  of  31  parts 
of  acid,  44  of  lime,  and  25  of  water.  According  to 
Kirwan,  100  parts  of  lime  require  for  faturation  86 
parts  of  muriatic  acid. 


7.  Muriat  of  ftrontites.  This  fait  was  firft  formed  Muriof 
by  Dr  Hope.  Its  cryftals  are  very  long,  flender,  hexa-  fttoni  1, 
gonal  prifms.  It  has  a peculiar,  fliarp,  penetrating 
tafte. 

Three  parts  of  thefe  cryftals  are  foluble  in  two  parts 
of  water  at  the  temperature  of  60®.  Boiling  water  dif- 
folves any  quantity  of  them  whatever. 

They  contain  42  per  cent,  of  water  of  cryftalliza- 
tion. 

They  fuffer  no  change  when  expofed  to  the  air  ex- 
cept it  be  very  nioift  ; in  wffiich  cafe  they  deliquefce. 

When  heated,  they  firft  undergo  the  watery  fufion, 
and  are  then  reduced  to  a w'hite  powder.  A very  vio- 
lent heat  decompofes  this  fait. 

Muriatic  acid  precipitates  this  fait  from  its  folution 
in  water.  That  acid,  therefore,  has  a ftronger  affinity 
for  water  than  the  fait  has.*  • ff, 

8.  Muriat  of  magnefia.  This  fait  abounds  in  fea  ‘frm  E&, 

water.  w.  j 

It  is  not  eafily  cryftallized.  Bergman’s  method  was  , 
to  evaporate  it  by  a confiderable  heat  to  the  proper  de-  u 
gree  of  concentration,  and  then  to  expofe  it  to  a fud- 
den  cold.  By  this  method  he  obtained  it  in  fmall 
needles  -j-.  f Bt  w. 

It  has  a very  bitter  tafte.  It  is  foluble  in  its  own  3 
w^eightof  water  J,  and  in  five  parts  of  alcohol  §. 

A faturated  folution  of  it  quickly  forms  a jelly  ; on  5 
which  if  hot  water  be  poured,  fpongy  maffes  are  form-  ^ 
ed  not  even  foluble  in  muriatic  acid.*  * .B,**., 

It  is  compofed,  according  to  Bergman,  of  34  parts 
of  acid,  41  of  earth,  and  25  of  water.  According  to 
Kirw’an,  100  parts  of  magnefia  require  for  faturation 
104,275  of  acid  f.  f /(I 

It  deliquefces  very  fpeedily  when  expofed  to  the 


air. 


A ftrong  heat  decompofes  it.  When  dried  in  a high 
temperature,  it  is  very  cauftic  J.  f 

The  following  fubftances  decompofe  it  by  compound  f. 
affinity ; 

Sulphat  of  foda,  Acetite  of  potafs, 

ammonia, foda, 

alumina,  filver,*  * 


Nitrat  of  ammonia. 


Carbonat 


(y)  Only  at  the  common  temperature.  At  a high  temperature  carbonat  of  ammonia  decompofes  muriat  of 
magnefia.  See  Wejlrum,  Ann.de  Chim.  ii.  1 18. 

(z)  Bergman  affirmed,  that  this  fait  decompofed  all  the  fulphats,  and  propofed  it  therefore  as  a certain  means 
of  difeovering  the  prefence  of  fulphuric  acid,  however  combined  in  any  folution  ; for  the  fulphat  of  barytes  is 
almoft  entirely  infoluble  in  water.  But  Mr  Piffis  has  obferved,  that  it  does  not  decompofe  fulphat  of  lime  nor 
of  potafs.  See  Ann  de  Chim,  xv.  317. 
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^riat  of 
liiina, 


Carbenat  of  barytes,  Carbonat  of  foda, 
potafs,  — — - — ammonia  (y) 

9.  Muriat  of  ammonia  and  magnefia.  This  triple 
fait  was  firft  mentioned,  we  believe,  by  Bergman.  It 
may  be  formed  by  pouring  ammonia  into  a folution  of 
muriat  of  magnefia.  Part  of  the  magnefia  is  precipitat- 
ed, but  great  part  of  it  remains  diffolved,  and  com- 
bined with  the  acid  and  the  ammonia.  This  triple  fait 
is  compofed  according  to  Fourcroy,  of  73  parts  of  mu- 
riat of  magnefia  and  27  of  muriat  of  ammoniaf. 

10.  Muriat  of  alumina.  This  fait  cryllallizes  with 
difficulty.  It  has  an  allringent  tafte.  folution  is 
gelatinous,  and  cannot  be  filtrated  without  much  dilu- 
tion in  water.  It  is  deliquefcent.  When  evaporated 
to  drynefs,  it  forms  a gummy  mafs : in  a flrong  heat 
it  is  decompofed. 

The  following  falts  decompofe  it  by  compound  affi- 
nity : 


108 

^ iat  of 
a inia, 


Nitrat  of  ammonia, 
Acetite  of  barytes, 

potafs, 

foda, 

lime. 


Acetite  of  magnefia, 
Carbonat  of  barytes, 

potafs, 

foda, 


■ ammonia. 


>u 


II.  Muriat  of  jargonia. — This  fait  is  eafily  formed 
by  pouring  muriatic  acid  on  newly  precipitated  jar- 
gonia. It  is  colourlefs  ; its  tafte  is  very  aftringent : 
by  evaporation  it  furniffies  fmall  tranfparent  cryftals  in 
needles,  which  lofe  their  tranfparence  in  the  air.  Mu- 
riat  of  jargonia  is  very  foluble  in  water  and  in  alcohol ; 
to  the  flame  of  which  it  does  not  communicate  any  par- 
ticular  colour.  Heat  decompofes  it ; and  it  is  decom- 
pofed iikewife  by  the  faliva  when  taken  into  the  mouth. 

When  muriat  of  jargonia  contains  a little  filica,  it 
forms  cubic  cryftals  without  confiftence,  and  refem- 
bling  a jelly.  Thefe  cryftals,  when  expofed  to  the 
air,  gradually  lofe  their  tranfparency,  and  diminiffi  in 
volume,  and  there  are  formed  in  the  middle  of  the  fait 
white  filky  needle-fliaped  cryftals. 

Muriat  of  jargonia  is  decompofed  by  fulphuric  acid  ; 
part  of  the  fulphat  precipitates,  and  part  remains  dif- 
ibived  in  the  muriatic  acid.  When  this  acid  is  driven 
off  by  heat,  the  remainder  of  the  fulphat  is  gradually 
depofited : if  the  evaporation  be  ftopped  before  the 
mafs  be  reduced  to  drynefs,  it  forms  a kind  of  jelly 
when  cold.  It  is  alfo  decompofed  by  the  phofphoric, 
citric,  tartarous,  oxalic  and  faccholactic  acids,  which 
form  with  jargonia  infoluble  compounds  that  precipi- 
tate in  white  flakes. 

’ The  gallic  acid  poured  into  muriat  of  jargonia  pro- 
duces a white  precipitate  ; but  a green,  bordering  on 
grey,  if  the  jargonia  contain  iron  ; and  this  laft  pre- 
cipitate becomes,  when  dry,  of  a bright  black  colour, 
and  refembles  China  ink.  The  liquid  preferves  a green- 
ifh  colour  ; new  portions  of  gallic  acid  produce  no  far- 
ther precipitation  ; but  carbonat  of  ammonia  feparates 
in  great  abundance  a flaky  matter  of  a purplifti  colour, 
not  unlike  that  of  the  leys  of  wine.  From  thefe  expe- 
riments it  follows,  that  gallic  acid  has  a greater  affinity 
for  jargonia  than  muriatic  acid  has ; and  that  the  gal- 
lats  of  jargonia  and  iron  are  foluble  in  muriatic  acid. 

Carbonat  of  potafs  decompofes  muriat  of  jargonia, 

SUPPL.  VoL.  I. 


and  part  of  the  carbonic  acid  combines  with  the  earth, 
and  renders  it  eafily  foluble  in  acids  though  dried. 

Carbonat  of  ammonia  occafions  a precipitate,  which 
is  moftly  diffolved  by  adding  more  carbonat. 

Pruffiat  of  mercury  produces  an  abundant  precipi- 
tate, wffiich  is  foluble  in  muriatic  acid  ; and  which  con- 
fequently  is  not  muriat  of  mercury. 

A plate  of  zinc,  introduced  into  a folution  of  muriat 
of  jargonia,  occafions  a flight  effervefcence ; the  liquor 
becomes  milky,  and  in  a few  days  becomes  a white 
femitranfparent  jelly. 

Alumina  decompofes  muriat  of  jargonia  with  the 
affiftance  of  a flight  heat : the  alumina  diftblves,  the  li- 
quor becomes  milky,  and  affumes  the  form  of  a jelly. 
When  the  muriat  contains  iron,  it  remains  in  the  folu- 
tion, and  the  precipitated  jargonia  is  quite  pure.  Here, 
then,  is  a method  of  freeing  jargonia  from  iron.* 

12.  Muriat  of  iron. — Muriatic  acid  forms  with  the 
green  oxyd  of  iron  a fait  w'hich  cryftallizes  in  flat 
needles.  When  expofed  to  the  air,  they  deliquefcc, 
and  the  green  oxyd  attracts  oxygen,  and  is  gradually- 
converted  into  a brown  oxyd.  Heat  decompofes  this 
fait. 

13.  Muriat  of  zinc.  This  fair,  procured  by  diflblv- 
ing  zinc  or  its  oxyd  in  muriatic  acid,  does  not  cryftal- 
lize.  Its  folution  is  colourlefs.  When  heated,  it  be- 
comes of  a blackifh  brown.  By  diftillation,  a part  of 
the  acid  is  feparated,  and  muriat  of  zinc  remains  be- 
hind of  a milk  white  colour,  folid,  and  formed  of  fmall 
radiated  needles.  It  attradls  moiflure  in  the  air. 

14.  Muriat  of  manganefe.  Muriatic  acid  diffolves 
the  white  oxyd  of  manganefe.  Its  folution  affords  by 
evaporation  angular  fhining  cryftalsf  ; They  are  deli- 
quefcent and  foluble  in  alcohol j;. 

15.  Muriat  of  cobalt.  The  folution  of  oxyd  of  co- 
balt in  muriatic  acid  is  of  a pale  red,  except  it  be  con- 
taminated with  nickel  or  iron,  when  it  is  greeniffi.  It 
cryftallizes  in  fmall  needles,  which  are  very  deliquefcent. 
Heat  decompofes  it. 

16.  Muriat  of  nickel.  This  fait  is  deliquefcent,  and 
lofes  its  acid  when  expofed  to  the  air^. 

17.  Muriat  of  lead.  Muriatic  acid  combines  with 
oxyd  of  lead  eafily  enough  : but  this  fait  is  more  readi- 
ly procured  by  pouring  muriatic  acid  into  a folution  of 
nitrat  of  lead ; the  muriat  immediately  precipitates  in 
the  form  of  a white  powder.  It  is  foluble  in  30  times 
its  weight  of  boiling  water ; and  the  folution  yields  by 
evaporation  fmall,  flender,  brilliant  needles  in  bundles. 

It  is  fomewhat  deliquefcent.  When  expofed  to  heat, 
it  melts  into  a brown  mafs,  formerly  called  corneous 
lead. 

It  is  decompofed  by  compound  affinity  by 
Sulphat  of  filver*, 

Carbonat  of  foda. 

18.  Muriat  of  tin.  This  fait  may  be  formed  by  dlf- 
folving  tin  in  hot  muriatic  acid.  By  evaporation,  it 
affords  needle-ftiaped  cryftals,  which  are  deliquefcent. 

This  fait  has  a ftrong  affinity  for  oxygen.  It  de- 
compofes oxy-muriatic,  nitric,  fulphurous,  arfenic,  mo- 
lybclic  and  tungftic  acids,  the  red  oxyd  of  mercury, 
black  oxyd  of  manganefe,  oxyd  of  antimony,  zinc,  fil- 

3 I ver. 
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Muriat  of 
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■j-  Schecle  on 
Manganefe. 

I Kirivan  1 
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Cobalt, 
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Nickel, 

^ Bergman, 
ii.  268. 

714 
Lead, 


* Bergman. 
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Till, 


(y)  Only  at  a high  temperature.  See  Muriat  of  Ammonia. 
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of  mercury.  Berthollet  firft  pointed  out  tlie  nature  of 
its  compofition. 

This  fait  was  mentioned  by  Rhafes  in  the  loth  cen- 
tury. And  it  feems  to  have  been  known  in  the  eaft  at 
j|  much  earlier  period(A).  The  methods  of  preparing 
it  ufed  by  the  older  chemifts,  were  numerous,  complica- 
ted, and  generally  concealed  as  fecrets.  We  (hall  not 
attempt,  therefore,  to  give  any  account  of  them;  and 
the  methods  ufed  by  later  chemifts  have  been  defcribed 
at  confiderable  length  in  the  article  Chemistry  (En~ 
cycl.  n'^  815). 

It  may  be  prepared  by  diflblving  mercury  in  a fuffi- 
cient  quantity  of  oxy-muriatic  acid,  or  by  dilTolving  red 
oxyd  of  mercury  in  common  muriatic  acid. 

When  carefully  cryftallized,  this  fait  alTumes  the 
form  of  cubes  or  oblique  parallelopipeds,  or  rather  qua- 
drangular prifms,  with  Tides  alternately  narrower  and 
terminated  by  two  inclined  planes  meeting  together. 

It  has  an  exceedingly  difagreeable  metallic  tafte. 

It  is  foluble  in  19  times  its  weight  of  water  at  the 
temperature  of  50°^.  Boiling  water,  according  to 
Macquer,  dilTolves  half  its  weight  of  it.  Alcohol,  at  the 
temperature  of  70®,  diffolves  -l-ths  of  its  weight  of  this 
fait.* 

It  does  not  attrail  moifture  from  the  air. 

It  is  foluble  in  fulphuric,  nitric  and  muriatic  acids. 
When  triturated  with  ^^ths  of  its  weight  of  mercury 
and  a little  water,  and  then  fublimed,  it  forms  a white 
infipid  fait,  called  formerly  calomel  or  f'weet  mercury  : 
This,  as  Scheele  has  proved,  is  precifely  the  fame  with 
common  muriat  of  mercury. 

The  theory  of  thefe  two  preparations  is  now  pretty 
obvious.  The  experiments  of  Adet  and  Pelletier  have 
(hewn  that  oxy-muriatic  acid  may  be  obtained  from 
corrofive  muriat  of  mercury^.  We  may  conclude, 
therefore,  with  confidence,  that  the  fait  is  an  oxy-mu- 
riat.  It  cannot  be  prepared  by  means  of  common  mu- 
riatic acid,  except  with  red  oxyd  of  mercury,  or  fome 
other  fubftance  from  which  it  may  abforb  oxygen. 
When  pure  mercury  is  added  to  oxy-muriat,  it  feizes 
the  oxygen  from  the  oxy-muriat,  and  the  whole  is  con- 
verted into  common  muriat. 

It  is  decompofed  by 

Tartar, 

Moft  metals. 

8.  Oxy-muriat  of  tin.  When  an  amalgam  of  tin  is 
at  of  tin,  triturated  wdth  its  own  weight  of  corrofive  muriat  of 
mercury,  and  the  mixture  is  diftilled  in  a glafs  retort 
by  means  of  a very  gentle  heat,  there  pafles  over  a thick 
white  fmoke,  which  condenfes  into  a colourlefs  liquor 
that  emits  copious  fumes,  and  has  been  called,  in  con- 
fequence,  fmoking  liquor  of  Libavius-  This  liquor  was 
examined  by  Mr  Adet.  He  found,  that  when  about 
-fd  part  of  water  was  added  to  this  liquor,  it  ceafed  to 
fume,  and  alTumed  a cryftalline  form  ; that  then  it 
might  be  even  made  red  hot  without  fubliming.  It  there- 
fore owes  its  volatility  to  want  of  water,  or  rather  to  a 
firong  attra<5tion  for  w^ater.  He  found  that  this  fub- 
ftance was  capable  of  dilfolving,  and  therefore  of 
oxydating  more  tin,  without  the  emiffion  of  any  hydro- 
gen, and  confequently  without  the  decompofition  of 
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w'ater ; he  concluded  from  this,  that  it  was  compofed 
of  oxy-muriatic  acid  and  tin^.  This  has  been  com- 
pletely proved  by  Mr  Pelletier,  who  found,  that  when 
oxyd  of  tin  was  combined  with  oxy-muriatic  acid,  it 
formed  a compound  precifely  the  fame  with  the  fmo- 
king liquor  of  Libavius*. 

This  fait  may  be  prepared,  as  Pelletier  has  proved, 
by  dilfolving  tin  in  muriatic  acid,  and  then  faturating  it 
with  oxy-muriatic  acid  gas. 

It  is  ufed  in  dyeing. 

9.  Oxy-muriat  of  iron.  This  fait  is  deliquefeent  ; 
colourlefs  ; of  a pure  bitter  tafte,  without  any  of  the 
fweet  aftringency  of  the  common  falts  ofiron|[. 

Few  of  the  other  oxy-muriats  have  been  hitherto  ex- 
amined with  attention.  Many  of  the  metals,  indeed, 
have  been  dilfolved  in  aqua-regia ; but  in  moft  of  thefe 
folutions  the  fait  produced  is  a common  muriat.  The 
nitric  acid  fupplies  oxygen,  and  the  muriatic  acid  dif- 
folves the  oxyd. 

Sect.  VII.  Of  Phofphats. 

Those  falts,  into  which  phofphoric  acid  enters  as 
an  ingredient,  are  phofphats . This  clafs  of  falts 

v.’as  firft  difeovered  by  Margraf. 

1.  Phofphat  of  potafs.  This  fait  cryftallizes  in  fliort  Phofphat, 
tetrahaedral  prifms,  terminated  by  quadrangular  pyra-  of  potafs, 
mids. 

It  is  very  foluble  in  cold  water,  and  ftill  more  fo  in 
hot  water. 

It  decrepitates  on  ignited  coals  like  common  fait. 

When  a very  ftrong  heat  Is  applied,  it  melts  into  aa 
opaque  vitreous  mafs,  ftill  foluble  in  w^ater. 

The  following  falts  decompofe  it  by  compound  affi- 
nity ; 

Sulphat  of  lime,  Muriat  of  mercury, 

Nitrat  of  mercury,  A.cetite  of  lead.  731 

2.  Phofphat  of  foda. — Dr  Pearfon,  who  firft  formed  Phofphat 
this  fait,  gives  the  following  procefs  for  preparing  it ; 

Difl'olve  in  a long-necked  matrafs  1400  grains  of  cry- 
ftallized carbonat  of  foda  in  2100  grains  of  water  at  the 
temperature  of  150®.  Add  gradually  500  grains  of 
phofphoric  acid  of  the  fpecific  gravity  1,85.  Boil  the 
liquor  for  fome  minutes  ; and  while  it  is  boiling  hot, 
filtrate  it  and  pour  it  into  a fhallow  veflel.  Let  it  re- 
main in  a cool  place,  and  cryftals  will  continue  to  fornt 
for  feveral  days.  From  the  above  quantities  of  mate- 
rials, he  has  obtained  from  1450  to  1556  grains  of 
cryftals. 

Its  cryftals  are  rhomboidal  prifms,  of  which  the  acute 
angles  are  60°,  and  the  obtufe  angles  i3o°,  terminated 
by  a three-fided  pyramid. 

Its  tafte  is  almoft  the  fame  with  that  of  common  fait. 

It  is  foluble  in  water.  When  expofed  to  the  air  it 
efflorefees. 

This  fait  has  been  introduced  into  medicine  as  a pur- 
gative, and  on  account  of  its  pleafant  tafte  has  of  late 
been  much  ufed.  It  is  ufually  taken  in  broth,  which 
it  is  employed  to  feafon  inftead  of  common  fait. 

Hellot  remarked  a particular  fait  in  urine,  different 
from  thofe  that  had  ufually  been  obferved,  in  1737. 

Haupt  defcribed  it  in  l y^fO  under  the  name  of  fal  mi~ 

3 I 2 rahile 


(a)  If  we  liften  to  Juncker,  the  ancients  applied  the  name  met  curium  to  this  fait  j mercury  they  called 
tum  vivum. 


'Borats. 


lirt  III. 

4.  Borat  of  barytes. — Unknown. 

5.  Borat  of  lime. — It  is  difficultly  foluble  in  water, 
and  did  not  cryftallize  with  Beaume. 

6.  Borat  of  ftrontites. — This  fait  was  firfl;  formed  by 
Dr  Hope — It  is  a white  powder,  foluble  in  about  130 
parts  of  boiling  water.  The  folution  turns  the  fyrup 
of  violets  green*. 

7.  Borat  of  magnefia. — It  aflumes  the  appearance  of 
fmall  irregular  cryftals.  It  is  foluble  in  acetous  and  for- 

raagne-  mic  acids.  Alcohol  decompofes  it.  It  melts  eafily  in 
the  fire  without  being  decompofed;};. 

8.  Borat  of  alumina. — It  does  not  cryftallize,  and  is 
fcarcely  foluble  in  water. 

9.  Borat  of  iron. — Its  cryftals  are  of  a yellow  colour, 
but  the  fait  has  never  been  examined  vrith  attention. 

10.  Borat  of  zinc. — This  fait  does  not  appear  to  be 
capable  of  cryftallizing. — By  heat,  it  melts  into  a light 
green  infoluble  flag^. 

. II.  Borat  of  cobalt. — When  oxyd  of  cobalt  is  melt- 
ed with  boracic  acid,  a bluifti  grey  flag  is  produced. 
This,  by  lixiviation  and  evaporation,  yields  cryftals  of  a 
reddifli  white  colour  and  ramified  form^. 

12.  Borat  of  nickel. — A faline  fubftance  difficultly 
foluble*. 

13.  Borat  of  lead. — When  boracic  acid  and  red  oxyd 
of  lead  are  melted  together,  the  produdt  is  a fine  green- 
ilh  yellow,  tranfparent,  hard,  infoluble  glafsij;. 

14.  Borat  of  tin. — When  equal  parts  of  boracic  acid 
and  tin  filings  are  melted  together,  the  produdl  diflblv- 
ed  in  water  yields  by  evaporation  tranfparent  white 
polygonous  cryftals. 

15.  Borat  of  copper; — When  borax  is  poured  into  a 
folution  of  fulphat  of  copper,  borat  of  copper  is  preci- 
pitated in  the  form  of  a pale  light  green  jelly,  which  when 
dried  is  with  great  difficulty  foluble  in  water.  It  eafily 
melts  into  a dark  red  vitreous  fubftance*.  According 
to  Palm,  by  long  trituration  of  filings  of  copper  and 
boracic  acid  in  water,  and  then  digefting  the  mixture, 
it  diflblves,  and  cryftals  may  be  obtained  from  it. 

16.  Borat  of  bifmuth. — A white  powder,  which 
melts  into  a white  tranfparent  permanent  glafsf . 

17.  Borat  of  arfenic. — White  oxyd  of  arfenic  and 
boracic  acid  form  a fait  foluble  in  water  and  cryftal- 
lizable*. 
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Sect.  IX.  Of  Fluats, 


forms  a gelatinous  mafs  al- 


Th  osE  falts  into  which  fluoric  acid  enters  are  called 
fluats.  They  were  firft  formed  by  Schecle. 

1.  Fluat  of  potafs.  It 
moft  without  tafte. 

It  dilfolves  readily  in  water.  When  expofed  to  the 
fire  it  melts  without  any  ebullition:!;. 

2.  Fluat  of  foda.  This  fait  refembles  exactly  the 
fluat  of  potafsf . 

3.  Fluat  of  ammonia.  It  cryflallizes  in  fmall  prifms. 
It  is  deliquefcent,  and  is  partly  decompofed  by  heat*. 

It  is  decompofed  by 

Nitrat  of  mercury, 

(liver, 

4.  Fluat  of  barytes.  A powder  which  requires  a 
large  quantity  of  water  to  diffolve  it*. 

5.  Fluat  of  lime.  This  fait  abounds  in  nature.  It 
is  known  by  the  name  of  fluor  fpar. 

It  cryftallizes  moft  commonly  in  the  form  of  cubes. 


It  is  taftelefs  and  nearly  infoluble  in  water. 

It  is  not  altered  by  the  air.  Its  fpecific  gravity 
about  3,1. 

When  expofed  to  a fudden  heat  it  decrepitates.  A 
very  violent  heat  melts  it  into  a white  opaque  mafs. 

When  reduced  to  powder  and  heated  it  becomes  phof- 
phorefeent ; but  it  iofes  this  quality  altogether  if  it  be 
heated  red  hot. 

6.  Fluat  of  ftrontites.  This  fait  was  formed  by  Dr 

Hope  : but  its  properties  have  not  been  examined.  766 

7.  Fluat  of  magnefia.  It  is  not  foluble  in  water  ex-  Magnefia, 
cept  there  be  an  excefs  cf  acid.  In  that  cafe,  by  fpon- 
taneous  evaporation,  it  forms  hexagonal  prifms,  termi- 
nated by  a low  pyramid  compofed  of  three  rhomboidal 

fides. 

Thefe  cryftals  are  hardly  foluble  in  water.  Alcohol 
dilfolves  a fmall  portion  of  them.  Heat  does  not  de- 
compofe  themf . 

8.  Fluat  of  alumina.  A faline  mafs ; which  is  fweet 
ifh,  clammy,  and  gelatinous. 

9.  Fluat  of  filica.  Little  is  known  concerning  this 
fingular  combination,  except  that  it  can  exift  in  a ga- 
feous  form,  and  that  it  depofites  filica  in  cryftals  after 
a certain  time. 

10.  Fluat  of  filica  and  potafs  or  foda.  This  triple 
fait  may  be  formed  by  pouring  fixed  alkali  Into  a folu- 
tion of  fluat  of  filica.  It  contains  an  excefs  of  acid. 

On  evaporation  it  yields  a kind  of  jelly,  which  when 
dry  feparates  into  gritty  particles  like  fand.  It  is  fo- 
luble in  96  parts  of  hot  water.  In  the  fire  it  readily 
melts  into  a white  mafs.  If  the  heat  be  continued  the 
acid  feparates,  and  there  remains  a tranfparent  glafs, 
which  is  foluble  in  water,  and  forms  a liquor filicum\.  f Scheele, 

11.  Fluat  of  iron.  It  is  incryftallizable  ; but  when  Crcll'sjour.. 
evaporated  leaves  a hard  mafs. 

12.  Fluat  of  zinc.  It  refembles  that  of  iron. 

13.  Fluat  of  manganefe.  It  may  be  formed  by  pour-  Metallic 
ing  fluat  of  ammonia  into  a folution  of  oxyd  of  zinc  in  fluats. 
any  of  the  three  nuneral  acids.  It  cryftallizes. 

14.  Fluat  of  cobalt.  A yellow  gelatinous  mafs. 

15.  Fluat  of  nickel.  It  affords  green  cryftals. 

16.  Fluat  of  lead.  A fweet  rafted  powder. 

17.  Fluat  of  tin.  A naufeous  tafted  jelly. 

18.  Fluat  of  copper.  Blue  cryftals  j fome  cf  them 
oblong,  others  cubic. 

19.  Fluat  of  arfenic.  Small  cryftals. 

20.  Fluat  of  mercury.  A powder.  Before  the  blow- 

pipe it  melts  into  a yellow  glafs,  moft  of  which  evapo- 
rates by  a continued  heat^ . § Scheek  on 

Fluor. 

Sect.  X.  Of  Carhonals. 

The  compounds  into  which  the  carbonic  acid  enters 
are  called  carhonals.  They  were  firft  analyfed  by  Dr 
Black.  670 

I.  Carbonat  of  potafs.  This  fait  Is  formed  by  fatu-  Carbonat 
rating  potafs  with  carbonic  acid,  which  is  beft  done  by  of  potafs. 
expofmg  a folution  of  potafs  for  a confiderable  time  to 
carbonic  acid  gas. 

It  cryftallizes,  according  to  Bergman,  in  quadrangu- 
lar prifms  ; the  apexes  of  which  are  compofed  of  two 
inverted  triangles,  converging  like  the  roof  a houfe*.  * Bergman, 
According  to  Pelletier  they  are  tetrahedral  rhomboidal 
prifms,  with  dihedral  fummits.  The  complete  cryftal 
has  eight  faces,  two  hexagons,  two  re<ftangles,  and  four  ^ 
rhombs-]',  Cbim.  xv. 
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It  has  an  alkaline,  but  not  a cauftic  tafte. 

It  is  foluble  at  the  common  temperature  in  about 
four  times  its  weight  of  water:];.  Boiling  water  dif- 
folves  |-ths  of  its  weight^.  Alcohol,  even  when  hot, 
does  not  didolve  above  ttW  parts  of  it. 

According  to  Bergman,  it  is  compofed  of  48  parts  of 
potafs,  20  of  acid,  and  32  of  water.  According  to  Pel- 
letier, of  43  parts  of  acid,  40  of  potafs,  and  17  of  wa- 
ter, Bergman  under-rated  the  quantity  of  acid  from 
not  obferving  that  the  fait  lofes  part  of  its  acid  when 
heated.  Even  folution  in  hot  water  produces  a fepara- 
tion  of  fome  acidf . 

It  is  not  altered  by  expofure  to  the  air. 

Heat  deprives  it  of  its  water  and  part  of  its  acid,  but 
does  not  decompofe  it  completely.  The  following  falts 
decompofe  it  by  compound  affinity; 


Sulphat  of  lime, 

barytes, 

foda, 

ammonia, 

magnefia, 

alumina, 


Nitrat  of  barytes, 

foda, 

ammonia, 

— — magnefia, 
alumina. 


Muriat  of  barytes, 
— — — lime. 


Acetite  of  barytes, 

lime, 

— — — ammonia, 

magnefia, 

alumina. 


ammonia, 

magnefia, 

alumina, 

foda*, 

Nitrat  of  lime. 

When  potafs  is  faturated  with  carbonic  acid 


Oxy-muriat  of  mercury, 
Phofphat  of  limejj. 


it  al- 

ways  lets  fall  a quantity  of  filica.  Mr  Pelletier  has  pro- 
pofed  this  faturation  as  the  beft  method  of  purifying 
potafs  from  that  earth. 

2.  Carbonat  of  foda.  This  fait  may  be  formed  in  the 
fame  manner  with  carbonat  of  potafs. 

Its  cryftals  are  five-fded  prifms,  with  one  of  the  an- 
gles frequently  truncated,  furmounted  by  dihedral  py- 
ramids wuth  rhomboidal  faces. 

Its  tafte  is  precifely  the  fame  with  that  of  carbonat 
of  potafs. 

It  is  foluble  in  double  its  weight  of  cold  w^ater. 

It  is  compofed,  according  to  Bergman,  of  16  parts 
of  acid,  20  of  alkali,  and  64  of  water. 

It  efflorefees  when  expofed  to  the  air.  Heat  is  inca- 
pable of  decompofing  it  completely*. 

The  following  falts  decompofe  it  by  compound  affi- 
nity ; 


Sulphat  of  ammonia, 

barytes, 

lime, 

magnefia;];, 

alumina. 


Acetite  of  barytes, 

ammonia, 

lime, 

magnefia, 

alumina. 


Nitrat  of  ammonia, 

magnefia, 

alumina, 

leadf, 

Phofphat  of  lime*. 

This  fait  forms  odtahedral 


Muriat  of  barytes, 

ammonia, 

lime, 

magnefia, 

alumina, 

3.  Carbonat  of  ammonia. 
cryft.als,  having  for  the  moil  part  their  two  oppofite 
apexes  truncated;];. 

Its  tafte  and  fmell,  though  much  weaker,  are  the 
fame  with  thofe  of  pure  ammonia.  Like  all  the  alka- 
line carbonats  it  converts  vegetable  blues  to  green,  pre- 
cifely as  pure  alkalies  do. 

It  is  foluble  in  rather  lefs  than  twice  its  weight  of 
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cold  water.  Hot  water  dlfiblves  its  own  weight  of  it.  Carbon 
According  to  Bergman  it  is  compofed  of  43  parts  of 
alkali,  45  of  acid,  and  1 2 of  water. 

When  expofed  to  the  air  it  becomes  fomewhat  moift. 

The  fmalleft  heat  is  fufficient  to  evaporate  it. 

The  following  falts  decompofe  it  by  compound  affi- 
nity : 

Acetite  of  barytes, 

lime, 

magnefia, 

alumina. 


Sulphat  of  alumina, 
Nitrat  of  lime, 

Muriat  of  lime, 

magnefia, 

alumina, 

4.  Carbonat  of  barytes. 


773  i 

This  fait  has  been  found  Carbon; 

of  bary; 


native. 

Its  cryftals  have  been  obferved  to  afliime  four  diffe- 
rent forms ; double  fix  fided  and  double  four-fided  py- 
ramids, fix-fided  columns  terminated  hy  a pyramid  with 
the  fame  number  of  faces,  and  fmall  radiated  cryftals 
i an  inch  in  length,  and  very  thin,  appearing  to  be 
hexagonal  prifms,  rounded  towards  the  point. 


Cold  water  diflblves 


4304 


part,  and  boiling  water 


P^^*^  of  W'ater  faturated  with  carbo- 
nic acid  diffolves  part*.  * 

According  to  Dr  Withering,  who  firft  difeovered  it  * * 
native,  it  is  compofed  of  80  parts  of  barytes  and  20  of 
acid.  Bergman  informs  us,  that  artificial  carbonat  is 
compofed  of  7 parts  of  acid,  28  of  water,  and  65  of 
earlhf . t , 

It  is  not  altered  by  expofure  to  the  air. 

It  is  decompofed  by  the  application  of  a very  violent 
heat^. 

By  compound  affinity  it  is  decompofed  by  the  fol- 
lowing falts  : 

Nitrat  of  alumina, 

Muriat  of  lime, 

— ammonia, 

magnefia, 

alumina. 


Sulphat  of  foda, 
lime, 

ammonia, 
magnefia, 
alumina. 


Nitrat  of  foda, 

lime, 

ammonia. 


Acetite  of  lime, 

magnefia, 

alumina. 


magnefia,  77^' 

5.  Carbonat  of  lime.  This  fubftance,  under  the  Carbon  • 

names  of  marble,  chalk,  lime-ftone,  &c.  exifts  in  great  ' 

abundance  in  nature,  varioufly  mixed  with  other  bodies.  ' 

When  pure,  it  is  of  a white  colour,  and  has  very 
little  tafte.  | 

It  is  infoluble  in  pure  water : but  water  faturated  with 
carbonic  acid  diffolves  P^*"t  of  it ; from  this  folu- 

tion it  gradually  precipitates  as  the  acid  leaves  it  in  - 
the  form  of  fmall  rhomboidal  cryftals*.  * Bergr.', 

It  is  compofed,  according  to  Bergman,  of  34  parts  i*  ai.  , 
of  acid,  1 1 of  water,  and  55  of  lime.  j 

It  fuffers  little  or  no  alteration  by  being  expofed  to  ; 
the  air. 

When  expofed  to  heat,  it  firft  lofes  its  water,  and  | 
afterwards  its  acid  feparates  as  the  heat  is  increafed:  1 

But  to  feparate  the  acid  completely,  a very  ftrong  heat  j 

is  required.  | 

The  following  falts  decompofe  it  by  compound  dffi-  j 
nity : 

Sulphat  of  alumina, 

copper.  77< 

6.  Carbonat  of  ftromites.  This  fait,  which  was  firft  Carbon 
examined  by  Dr  Hope,  is  infipid,  and  foluble  in  1536 
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hol.  It  Is  not  To  eafilf  tjeeompofed  by  heat  as  nitrat 
of  jargenia,  probably  becaufe  it  does  not  adhere  fo 
ftrongly  to  water*. 

10.  Acetite  of  iron.  This  fait  was  mentioned  by 
Schree  Jer  and  Juncker.  It  iscompofed  of  acetous  acid 
and  brown  oxyd  of  iron. 

Its  folution  forms  by  gentle  evaporation  fmall  oblong 
cry  Hals.  But  the  greateft  part  of  the  fait  affumes  the 
form  of  a gelatinous  mafsj. 

It  has  a fweetifh  ftyptic  tafte. 

According  to  Wenzel,  240  parts  of  acetous  acid  re- 
quire  for  faturatlon  i86J^  of  iron. 

Heat  decompofes  this  fait  ; and  ^it  feerns  alfo  to.  be 
gradually  decompoled  by  expofure  to  the  i^ir..  , 

II.,  Acetite  of  zinc.  This  fait  was  firft  mentioned 
by  Glauber. 

Its  cryftals  are  rhomboidal,  and  fometimes  hexago- 
nal plates  of,  a white  colour,  and  the  appearance  of  talk. 

It  is  foluble  in  water.  According  to  Wenzel,  240 
parts  of  acetous  acid  require  for  faturation  195-jths  of 
zinc. 

It  is  not  altered  by  expofure  to  the  air.  Heat  de- 
compofes. it.  When  thrown  upon  burning  coals,  it  ex- 
plodes with  a blue  flame. 

12.  Acetite  of  manganefe.  This  fait  is  not  cryflal- 

lizable  ; and  when  evaporated  to  drynefs,  it  deliquef- 
ces.  Is  it  not  an  ace  tat  ? ^ 

13.  Acetite  of  cobalt.  This  fait  Is  deliquefeent.  Its 
folution  Js  of  a fine  red  colour  while  cold  ; but  becomes 
blue  by  being  heated,  and  it  recovers  its  former  colour 
on  cooling.  According  to  Wenzel,  240  parts  of  ace- 
tous acid  require  for  faturation  24i4ths  of  cobalt. 

14.  Acetite  of  nickel.  This  fait  forms  rhomboidal 
cubes  of  a green  colour|l.  They  are  not  deliquefeent; 
Their  tafte  is  fweet*. 

15.  Acetite  of  lead.  This  fait  is  mentioned  by  Ifaac 
Hollandus  and  Raymond  Lully.  It  is  compofed  of 
acetous  acid  and  white  oxyd  of  lead. 

It  was  formerly  called  fugar  of  had,  fugar  of  Saturn, 
fait  of  Saturn,  vinegar  of  Saturn,  extrafi  of  Saturn,  &c. 

Its  cryftals  are  flat  parallelopipeds-,  terminated  by 
two  inclined  planes  approaching  each  other. 

It  has  a fweet  and  fomewhat  aftringent  tafte. 

It  is  not  very  folubls  in  water  ; but  acetous  acid  dif- 
folves  it  abundantly. 

According  to  Wenzel,  240  parts  of  acetous  acid  re- 
quire for  faturation  503-of  lead. 

When  expofed  to  the  air  it  becomes  yellow,  but  un- 
dergoes no  other  alteration. 

Heat  decompofes  it  by  deftroying  the  acid.  When 
diftilled,  the  refiduum  takes  fire  fpontaneoufly  on  expo- 
fure to  the  air.  Paper  dipped  into  acetite  of  lead  forms 
excellent  matches,  which  are  not  fubjedl  to  go  out,  and 
which  burn  very  flowly. 

The  following  falts  decompofe  it  by  compound  affi- 
nity : 

Muriat  of  ammonia,  Phofphat  of  ammonia, 
Snlphat  of  copper,  Oxalat  of  potafs  || , 

Phofphat  of  foda,  Malat  of  potafs  j. 

16.  Acetite  of  tin.  This  fait  was  flrft  deferibed  by 
Lemery. 

Its  cryftals  are  prifmatic  needles  In  groups^:.  Ac- 
cording to  Wenzel  240  parts  of  acetous  acid  require 
for  faturation  of  tin. 
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17.  Acetite  of  copper.  This  fait  was  known  to  the  Acetites. 
ancients,  and  various  ways  of  preparing  it  are  deferibed 

by  Pliny  «j[.  It  was  formerly  known  by  the  names  of  Acetite  of 
cryjlals  of  Venus  and  verdigrife . copper. 

It  is  of  a deep  green  colour.  Its  cryftals  are  rhom-  ti-'ib.xxxiv, 
boids. 

It  has  a difagreeable  coppery  tafte. 

It  is  foluble  in  water  and  in  alcohol. 

According  to  Wenzel  240  parts  of  acetous  acid  re- 
quire 164  of  copper  for  faturation. 

It  efflorefees  when  expofed  to  the  air.  Heat  de- 
compofes It.  It  is  ufed  in  painting. 

1 8.  Acetite  of  bifmuth.  This  fait  Teems  to  have  been  Acetite  of 
firft  mentioned  by  Geoffroi.  Pie  called  it fugar  of  bfnnith.  bifmuth. 

It  is  moft  eafily  procured  by  mixing  together  the  fn- 
lutions  of  nitrat  of  bifmuth  and  acetite  of  potafs.  It 
forms  brilliant,  talky,  filvery  cryftals. 

It  has  a fweetifh  tafte.  According  to  Wenzel,  240 
parts  of  acetous  acid  require  for  faturation  154  of  bif- 
muth. 

It  does  not  deliquefee  when  expofed  to  the  air.  Heat 
decompofes  it. 

19.  Acetite  of  antimony.  It  yields  with  difficulty  Acetite  of 
fmall  cryftals-|'.  According  to  Wenzel,  240  parts  of  antimony, 
acetous  acid  require  for  faturation  14  of  antimony.  t tVenzel. 

20.  Acetite  of  arfenic.  This  fait  forms  fmall  cryftals  . - 

. . I j,  !•  1 Li  • * Acetite  of 

in  grains,  hardly  toluble  in  water*.  arfenic. 

21.  Acetite  of  mercury.  This  fait  is  mentioned  by  * Eeroman. 

Schroeder.  798 

Its  cryftals  are  fmall  thin  plates.  Acetite  of 

It  has  a difagreeable  tafte,  and  excites  coughing.  mercury. 

It  is  hardly  foluble  in  water.  According  to  Wen- 
zel, 240  parts  of  acetous  acid  require  for  faturation 
240J-  of  mercury. 

When  expofed  to  the  air  it  becomes  black,  owing  to 
the  reduction  of  the  oxyd  of  mercury.  Heat  decom- 
pofes  it.  _ _ 

22.  Acetite  of  filver.  This  fait  was  perhaps  firft  Acetite  of 

deferibed  by  Margraf.  filver. 

It  is  beft  formed  by  dropping  acetite  of  foda  or  pot- 
afs into  a faturated  folution  of  nitratof  filverf.  ^ Maret 

It  forms  fmall  oblong  cryftals,  eafily  diflblved  in  wa-  nu,  ’ 
terj:.  It  has  a {harp  tafte.  _ \ Margraf. 

xftccording  to  Wenzel,  240  parts  of  acetous  acid  re- 
quire for  faturation  loi^  ot  filver. 

It  is  decompofed  by  muriat  of 


. , . f Bergman. 

This  fait  IS  mentioned  by  80c 

Acetite  of 

This  fait  was  firft  formed  gold. 

801 

Acetite  of 
uranium. 


Heat  decompofes  it. 
magnefia^. 

23.  Acetite  of  gold. 

Schrogi^er  and  Juncker. 

24.  Acetite  of  uranium, 
by  Klaproth. 

Its  cryftals  are  regular  four-fided  flender  prifms,  ter- 
minated at  both  ends  by  regular  quadrilateral  pyramids: 
they  are  tranfparent,  and  of  a beautiful  topaz  yellow 
colour. 

Heat  decompofes  them  : and  what  is  fingular,  if  they 
be  heated  gradually  red  hot,  the  oxyd  which  remains 
retains  nearly  the  form  of  the  cryllal.s*.  * Klaproth 

The  compounds  into  which  the  acetic  acid  enters,  are  Uranmm. 
called  acetats.  They  are  fo  imperfectly  known  at  pre-  Soz 
fent,  that  we  (hall  not  attempt  a defeription  of  them.  Acetats. 

Sect.  XII.  Of  Oxalat s. 

Twe  compounds  of  which  oxalic  acid  forms  a part 
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8io 

Tartrite  of 
potafs. 


8ii 

Tartrite  of 
potafs  and 
foda. 


Tartrite  of 
ammonia. 


8x3 

Earthy  tar- 
trites. 


has  been  long  known.  It  is  obtained  in  a ftate  of  im- 
purity at  the  bottom,  and  adhering  to  the  fides  of  cafks 
in  which  wine  has  fermented.  It  is  called  tartar,  fays 
Paracelfus,  becaufe  it  produces  the  oil,  water,  limeftone, 
and  fait,  which  burn  the  patient  as  Hsll  does.  Accord- 
ing to  him,  it  was  the  principle  of  every  difeafe  and 
every  remedy,  and  all  things  contain  the  germ  of  it. 

Margraf  and  Kouelle  firft  demonftrated  that  it  con- 
tained potafs  ready  formed  : and  Scheele  firft  obtained 
tartarous  acid  from  it  in  a ftate  of  purity. 

Its  cryftals  are  very  fmall  and  Irregular.  According 
to  Montet,  they  are  prifms,  fomewhat  flat,  and  moftly 
with  fix  fides.  It  has  a ftrong  acid  tafte.  It  is  foluble 
in  about  30  times  its  vreight  of  boiling  water  Ac- 
cording to  Bergman,  it  contains  23  parts  of  alkali 
and  77  of  acid. 

It  .is  not  altered  by  expofure  to  the  air.  Heat  de- 
compefes  it,  and  at  the  fame  time  deftroys  the  acid.  It 
is  capable  of  forming  a great  many  compounds. 

2.  Tartrite  of  potafs.  This  fait  may  be  formed  by 
faturating  the  laft  deferibed  fait  with  potafs.  It  was 
formerly  called  foluble  tartar,  becaufe  it  is  much  more 
foluble  in  water  than  the  acidulous  tartrite  of  potafs. 
It  cryftallizes  moft  readily  when  there  is  a fmall  excefs 
of  alkali  in  the  folution.  Its  cryftals  are  fmall  oblongs. 

It  has  an  unpleafant  bitter  tafte.  It  is  foluble  in  4 
parts  of  water,  at  the  temperature  of  40°. 

3.  Tartrite  of  foda.  This  fait  has  never  been  accu- 
rately examined. 

4.  Tartrite  of  potafs  and  foda.  This  triple  fait, 
formerly  known  by  the  name  of  fait  of  Seignette,  be- 
caufe firft  formed  by  Mr  Seignette  apothecary  at  Ro- 
chelle, is  made  by  faturating  tartar  with  foda. 

Its  cryftals  are  prifms  of  eight  or  ten  unequal  fides, 
having  their  ends  truncated  at  right  angles.  They  are 
generally  divided  into  two  in  the  diredlion  of  their  axes, 
and  the  bafe  on  which  they  ftand  is  marked  with  two 
diagonal  lines,  fo  as  to  divide  it  into  four  triangles. 

It  has  a bitter  tafte.  It  is  almoft  as  foluble  as  tar- 
trite of  potafs. 

It  efflorefees  when  expofed  to  the  air.  Heat  de- 
compofes  it. 

4.  Tartrite  of  ammonia.  The  cryftals  of  this  fait 
are  polygonous  prifms,  not  unlike  thofe  of  the  laft  de- 
feribed fait. 

It  has  a cooling  bitter  tafte  like  that  of  nitre.  It  is 
eafily  foluble  in  water.  Heat  decompofes  it. 

5.  Acidulous  tartrite  of  ammonia.  This  fait  may 
be  formed  by  pouring  tartarous  acid  into  a folution  of 
tartrite  of  ammonia.  Like  acidulous  tartrite  of  potafs 
it  is  very  Infoluble  in  water. 

6.  Tartrite  of  potafs  and  ammonia.  This  triple 
fait  may  be  formed  by  pouring  ammonia  into  acidu- 
lous tartrite  of  potafs. 

Its  cryftals,  according  to  Macquer,  are  prifms  with 
four,  five,  or  fix  fides : according  to  the  Dijon  academi- 
cians, parallelepipeds,  with  two  alternate  floping  fides. 

It  has  a cooling  tafte.  It  is  foluble  enough  in  water. 
It  efflorefees  in  the  air.  Heat  decompofes  it. 

7.  Tartrite  of  barytes.  Unknown. 

8.  Tartrite  of  lime.  This  fait,  firft  formed  by  Scheele, 
is  a taftelefs  and  almoft  infoluble  powder.  By  heat  the 
acid  is  decompofed,  and  the  pure  lime  remains  behind. 

9.  Tartrite  of  ftrontites.  This  fait  was  firft  formed 
by  Dr  Hope.  Its  cryftals  are  fmall  regular  triangular 
tables,  having  the  edges  and  angles  (harp  and  well  de- 


*  Hopf, 
Edin.  Eranf. 


fined.  It  is  infipid.  It  diflblves  in  320  parts  of  boil- 
ing water. 

It  is  not  altered  by  expofure  to  the  air.  Heat  de- 
compofes it  by  deftroying  the  acid.* 

10.  Tartrite  of  magnefia.  This  fait  is  infoluble  in 

water  except  there  be  an  excefs  of  acid  prefent.  It  then 
affords  by  evaporation  fmall  cryftals  in  the  form  of 
hexangular  truncated  prifmsf.  Bergman, 

It  has  a more  faline  tafte,  and  is  more  fufible  than  “• 
tartrite  of  limeji.  f Von  Pac~ 

Heat  firft  melts  and  afterwards  decompofes  it. 

11.  Tartrite  of  alumina-  This  fait  does  not  cryftal- 

lize,  but  forms  by  evaporation  a clear  tranfparent  gum- 
my  mafs.  Its  tafte  is  aftringent.  It  is  foluble  in  wa- 
ter. It  does  not  deliquefee  in  the  air.*  * Van  Pac~ 

1 2.  ^Tartrite  of  potafs  and  alumina.  This  triple  fait 
is  formed  by  faturating  tartar  with  alumina.  It  bears 

a very  fti iking  refemblance  to  the  laft  deferibed  fait.  814 

13.  Tartrite  of  iron.  This  is  a grey  powder.  When  Metallic 
tartarous  acid  is  poured  into  a folution  of  fulphat  of  tamites. 
iron,  fcaly  cryftals  are  formed  by  evaporation.  Thefe 
cryftals  are  doubtlefs  compofed  of  tartarous  acid  com- 
bined with  fulphat  of  iron.  This  triple  fait  might  be 
called  tartro-fulphat  of  iron. 

14.  Tartrite  of  potafs  and  iron.  This  triple  fait  was 
formerly  called  tartarifed  tindure  of  Mars,  chalyheated 
tartar,  and  tartarifed  iron.  It  may  be  formed  by  boil- 
ing two  parts  of  tartar  and  one  of  iron  filings,  previouf- 
ly  made  up  into  a pafte,  in  a proper  quantity  of  water. 

The  liquor  by  evaporation  depofits  cryftals,  which 
form  the  fait  wanted. 

15.  Tartrite  of  zinc.  This  fait  is  not  eafily  foluble 
in  water. 

16.  Tartrite  of  potafs  and  zinc.  This  triple  fait, 

formed  by  combining  tartar  and  oxyd  of  zinc,  is  very 
foluble  in  water J.  | Elemtns 

17.  Tartrite  of  lead.  This  fait,  which  is  compofed  * 
of  tartarous  acid  and  white  oxyd  of  lead,  is  almoft 
infoluble  in  water.  Nitric  acid  diflblves  it. 

18.  Tartrite  of  potafs  and  lead.  This  fait,  formed 

by  combining  white  oxyd  of  lead  with  tartar,  is  very 
foluble  in  water.*  * Wenzd, 

19.  Tartrite  of  tin.  Unknown.  The  tartrite  of 
potafs  and  tin,  compofed  of  tartar  and  oxyd  of  tin, 
is  capable  of  cryftallizing. 

20.  Tartrite  of  copper.  This  fait  is  beft  formed 
by  pouring  tartarous  acid  into  the  folutions  of  muriat 
or  fulphat  of  copper ; it  precipitates  in  the  form  of 

blue  cryftals  ^ Bergman, 

This  fait  forms  the  beft  kind  of  the  pigment  called 
Brunfwick  green\ . | LeanhanE. 

21.  Tartrite  of  potafs  and  copper.  This  triple 
fait  is  alfo  in  the  form  of  blue  cryftals. 

22.  Tartrite  of  bifmuth.  Small  cryftalllne  grains||.  \\  Bergman. 

23.  Tartrite  of  antimony.  This  fait  has  never  been 
examined  with  attention. 

24.  Tartrite  of  potafs  and  antimony,  or  tartar  emetic. 

To  this  fait,  which  is  perhaps  the  moft  powerful  emetic 
known,  a great  deal  of  attention  has  been  paid,  and  a 
vaft  number  of  methods  have  been  tried  to  prepare  it. 

Thefe  methods  have  been  already  deferibed  in  the  En- 
cycloptedia.  It  appears  from  the  experiments  of  Mr 
Bindhelm,  that  if  this  fait  be  carefully  prepared,  the 
difference  that  refults  from  the  ufe  of  different  oxyds 
is  not  fo  great  as  might  have  been  expedled f.  t 

It  was  firft  made  known  by  Adrian  in  1631.  It  is  a 
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triple  fait,  compofed  of  tartar  and  white  oxyd  of 
antimony. 

It  is  of  a white  colour  and  tranfparent.  Its  cryftals 
are  trihedral  pyramids. 

It  dilfolves  in  6o  parts  of  cold  water,  and  in  a fmaller 
proportion  of  hot  water.  It  is  decompofed  by  lime 
and  alkalies,  iron,  &c.  Care  ought  therefore  to  be  taken 
to  ufe  only  diftilled  water  when  it  is  adminiftered  as  a 
medicine. 

25.  Tartrite  of  arfenic.  This  fait  forms  prifmatic 
% Bergman,  cryltals  very  like  thofe  of  oxalt  of  arfenic  a|[. 
ii.  295.  26.  Tartrite  of  mercury.  A yellow  powder. 

27.  Tartrite  of  potafs  and  mercury.  This  triple 
i Monnet.  fait  cry ftallizes+. 

Sect.  XIV.  Of  Citrats. 

The  compounds  into  which  the  citric  acid  enters 
have  been  denominated  citrats. 

Thefe  falts  are  at  prefent  very  imperfeftly  known. 
Mr  Dize  has  promifed  foon  to  fupply  this  defefl.* 

1.  Ciirat  of  potafs.  This  fait  does  not  cryftallize. 
It  has  a cooling  faline  taRe,  and  deliquefees  when  cx- 
pofed  to  the  air. 

2.  Citrat  of  foda.  This  fait  does  not  deliquefee.  It 
has  a mild,  pleafant,  cooling  talle  According  to 
Scheele  it  does  not  cryftallize. 

3.  Citrat  of  ammonia.  This  fait  cryftallizes  in  thin 
needles.  It  has  a cooling  and  moderately  faline  tafte|. 
The  ammonia  is  feparated  by  the  application  of 
heat.* 

4.  Citrat  of  barytes.  This  fait  is  fcarcely  foluble  in 
water.  It  affumes  the  form  of  a white  powderf . It 
is  foluble  in  citric  acid. 

5.  Citrat  of  lime.  This  is  a W'hite  powder,  fcarcely 
foluble  in  waterjj. 

6.  Citrat  of  magnefia.  Does  not  cryftallize.  It 
forms  a gummy  faline  mafs  very  foluble  in  water:}:. 

7.  Citrat  of  alumina.  This  fait  is  fcarcely  foluble 
in  water. 

8.  Citrat  of  iron.  A folution  of  a brown  colour. 

9.  Citrat  of  copper.  A green  gummy  mafs. 

10.  Citrat  of  mercury.  I’his  fait  may  be  formed  by 
pouring  citric  acid  into  nitrat  or  acetite  of  mercury.  It 
is  a flaky  fait,  of  a brick-duft  colour,  more  or  lefs  redf . 
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Sect.  XV.  Of  Malats. 

The  compounds  into  which  the  malic  acid  enters 
are  called  malats.  This  clafs  of  falts  was  firft  difeover- 
ed  by  Scheele.  They  are  no  better  known  than  the 
citrats. 

1.  Malat  of  potafs. 

2.  Malat  of  foda.  Thefe  falts  are  deliquefeent:}:. 

3.  Malat  of  ammonia. 

4.  Malat  of  lime.  Small  irregular  cryftals.  They 
require  a large  quantity  of  boiling  water  for  their  folu- 
tion. With  excefs  of  acid  they  are  readily  foluble  in 
cold  water^.  They  are  infoluble  in  alcohol}). 

5.  Malat  of  barytes.  The  properties  of  this  fait  re- 
femble  pretty  much  thofe  of  malat  of  lime«j}. 

6.  Malat  of  magnefia.  Deliquefeent:}:. 

7.  Malat  of  iron.  A brown  folution,  not  cryftal- 
lizablef. 

8.  Malat  of  zinc.  This  fait  forms  beautiful  cry- 
ftals 5}. 


Part  I] 

Sect.  XVI.  Of  LaSlats. 

The  neutral  falts  formed  by  the  combination  of  the  La«ais 
laflic  acid  with  various  bafes-  are  called  ladats.  They 
were  firft  difeovered  by  Scheele. 

1.  Ladiat  of  potafs.  A deliquefeent  fait,  foluble 

in  alcohol^.  § } 

2.  La6lat  of  foda.  This  fait  does  not  cryftallize. 

It  is  foluble  in  alcoholf . •)•  IU4, 

3.  Ladat  of  ammonia.  Cryftals  which  deliquefee.  ' 

Heat  feparates  a great  part  of  the  ammonia  before  de- 
ftroying  the  acid. 

4.  Ladat  of  barytes.  OThefe  falts  deliquefee^.  The  § Ibid. 

5.  Ladatoflime.  Vladat  of  lime  is  foluble  in  al- 

6.  Ladat  of  alumina,  ^coholj.  1,1111. 

7.  Ladat  of  magnefia.  Small  deliquefeent  cryftalsjj.  [j  Ibid. 

8.  Ladat  of  iron.  A brown  folution. 

9.  Ladat  of  zinc.  Cryftals.*  * ibid. 

Thefe  falts  have  a very  ftrong  refemblance  to  m.alats. 

The  only  difference  which  Scheele  obferved  was,  that 
the  malat  of  lime  was  infoluble  in  alcohol,  while  alco- 
hol dilfolved  ladat  of  lime. 

Sect.  XVII.  Of  Saccholats. 

820 

The  compounds  into  which  the  faccholadic  acid  Sacchola 
enters  are  called  faccholats.  They  alfo  were  firft  dif- 
eovered by  Scheele. 

1.  Saccholat  of  potafs.  Small  cryftals,  foluble  in 

eight  times  their  weight  of  boiling  water.*  * Scheek 

2.  Saccholat  of  foda.  The  fame ; foluble  in  five  ®/ 
times  their  weight  of  boiling  water^. 

3.  Saccholat  of  ammonia.  A fait  which  has  a fourifti 

tafte.  Heat  feparates  the  ammoniaf . f Ibid. 


Milk. 
§ Ib  id. 


4- 

5- 

6. 

7- 


Saccholat  of  barytes, 
Saccholat  of  lime. 
Saccholat  of  magnefia. 
Saccholat  of  alumina. 


Thefe  falts  are  infolu- 
ble in  w’ater^. 


1 Ibid. 


Sect.  XVIII.  Of  Gallats. 
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The  compounds  into  which  the  gallic  acid  enters  are  Gallats. 
denominated  gallats.  They  were  firft  attended  to  by 
the  Dijon  academicians  and  by  Scheele. 

1.  Gallat  of  potafs.  ~i  Wc  only  know  that  thefe 

2.  Gallat  of  foda.  > compofitions  are  poftible, 

3.  Gallat  of  ammonia,  j and  that  their  properties 

are  different  from  thofe  of  all  other  falts. 

4.  Gallat  of  barytes.  7 Thefe  falts  are  foluble  in 

5.  Gallat  of  lime.  J water,  efpecially  when  there 

is  excefs  of  acid. 

6.  Gallat  of  magnefia.  This  fait  is  a yellow  powder, 

foluble  in  water  and  in  alcohol  |j.  jj  Bartlel 

7.  Gallat  of  alumina.  This  fait,  according  to  Bar- 

tholdi,  exifts  ready  formed  in  nut  galls.  It  is  very 
foluble  in  water.  ^ 

8.  Gallat  of  iron.  This  fait,  which  Mr  Prouft  has 
difeovered  to  be  formed  of  gallic  acid  and  brown  oxyd 
of  iron,  is  of  a black  colour,  and  does  not  feem  capable 
of  cry ftalli zing.  It  is  foluble  in  the  three  mineral  acids, 
and  by  that  means  is  deprived  of  its  black  colour.  It 
is  to  this  fait  that  ink  partly  owes  its  black  colour. 

Gallat  of  iron  is  decompofed  by  alkalies. 

We  ftiall  not  attempt  any  farther  account  of  this  clafs 
of  falts.  Scarcely  any  addition  has  yet  been  made  to 

the 
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III.  CHE 

the  CKperiments  of  Scheele  which 
ready  in  the  article  Chemistry,  Encycl 

Sect.  XIX.  Of  Benzoats. 

The  compounds  into  which  the  benzoic  acid  enters 
have  been  called  bcn-zoats. 

1.  Benzoat  of  petals.  This  fait  forms  pointed  fea- 
thery cryftals.  It  has  a faline  fnarp  tafte.  It  is  very 
foluble  in  water.  It  deliquefees  when  expofed  to  the 
air^f. 

2.  Benzoat  of  foda.  The  cryftals  of  this.falt  are  lar- 
ger, but  its  tafte  is  the  fame  with  that  of  benzoat  of 
potafs.  It  is  alfo  very  foluble  in  water.  It  eftlorefces 
in  the  airf . 

3.  Benzoat  of  ammonia.  This  fait  cryftallizes  with 
difficulty.  Its  cryftals  are  feather-lhaped.  It  deli- 
quefeesj. 


I s T R Y. 
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rats. 


Id.  ibid. 


and  allb  in  a very  fmall  proportion  1n  alcohol.  It  Is 
not  altered  by  expolure  to  the  air,  but  the  rays  of  the 
fun  render  it  brown.  Heat  difengages  its  acid|j. 

19.  Benzoat  of  gold.  Small  irregular  cryftals,  not 
eafdy  foluble  in  water  ; infoluble  in  alcohol.  It  is  not 
altered  by  expofure  to  the  air.  Heat  decompofes  it«|[.  f Id.  ibid. 

20.  Benzoat  of  platinum.  This  fait  forms  fmall 
brownifti  cryftals,  with  difficulty  foluble  in  water;  not 
foluble  in  alcohol.  When  expofed  to  heat,  it  is  decom- 
pofed,  and  there  remains  behind  a brown  powder^. 

Sect.  XX.  Of  Sjiccinats. 

The  neutral  falts,  formed  by  the  combination  of  the 
fuccinic  acid  with  various  bafes,  have  been  called  fucci- 
nats. 

We  ftiall  not  deferibe  thefe  falts,  as  we  could  not  add 
much  to  the  account  given  in  the  Appendix  to  the  ar- 


§ Id.  ibid. 


4.  Benzoat  of  lime.  This  fait  forms  white,  fhining,  tide  Chemistry  in  the  Encyclopedia.  That  account 


ibid. 


V-  ibid. 
I ibid. 


ibid. 


pointed  cryftals,  of  a fweetilh  tafte,  and  not  eafily  fo- 
luble in  water 

5.  Benzoat  of  magnefia.  Feather-fhaped  cryftals,  of 
pid,  a (harp  bitter  tafte,  and  eafily  foluble  in  water ||. 

6.  Benzoat  of  alumina.  An  aftringent  fait. 

Italline  7.  Benzoat  of  iron.  This  fait  forms  yellow  cryftals. 
bzoats.  It  has  a fweet  tafte.  It  is  foluble  in  water  and  alcohol. 

\'mfdorf.  It  eftlorefces  in  the  air.  Heat  difengages  the  acidf. 

A 8,  Benzoat  of  zinc.  This  fait  forms  arborefeent  cry- 

T'  ftals.  It  is  foluble  in  water  and  alcohol.  When  ex- 

pofed to  the  air  it  is  diffipated.  Heat  decompofes  ItJ. 

9.  Benzoat  of  manganefe.  This  fait,  which  is  form- 
ed of  benzoic  acid  and  white  oxyd  of  manganefe,  cry- 
ftallizes  in  fmall  fcales.  It  diflblves  readily  in  water, 
with  difficulty  in  alcohol.  It  is  not  altered  by  expofure 
to  the  air^. 

10.  Benzoat  of  cobalt.  Flat  cryftals:};. 

11.  Benzoat  of  lead.  Very  white  cryftals,  foluble  in \flightly  aromatic, 
water  and  alcohol.  They  are  not  altered  by  expofure  Water  at  the  temperature  of 
to  the  air.  Heat  difengages  the  acid}]. 

12.  Benzoat  of  tin.  This  fait  may  be  formed  by 
pouring  benzoat  of  potafs  into  a folution  of  tin  in  the 
nitro  muriatic  acid.  The  benzoat  of  tin  is  precipitated. 

It  is  foluble  in  hot  water,  but  infoluble  in  alcohol.  Heat 
decompofes  it^. 

13.  Benzoat  of  copper.  Small  cryftals  of  a deep 
green  colour.  They  are  with  difilcuuy  foluble  in  water, 
and  not  at  all  in  alcoholf . 

14.  Benzoat  of  bifmuth.  This  fait  forms  white 
needle-lhaped  cryftals.  They  are  foluble  in  water  and 
in  a very  fmall  proportion  in  alcohol.  They  are  not 
altered  by  expofure  to  the  air.  Heat  decompofes 
them^. 

15.  Benzoat  of  antimony.  Cryftals  which  efflorefee 
in  the  air,  and  are  decompofed  by  heat||. 

j,  16.  Benzoat  of  arfenic.  Small  feather-fhaped  cry- 

ftals.  It  is  foluble  in  hot  water,  but  cryftallizes  in  the 
I^H||  cooling.  A moderate  heat  fublimes  it ; a ftrong  heat 
decompofes  it.  Sulphur  decompofes  it.  It  is  not  de- 
'd.ibid,  compofed  by  alkalies;};. 

17.  Benzoat  of  mercury.  A white  pow'der.  It  is 
infoluble  in  water,  but  diifolves  in  a fmall  quantity  in 
alcohol.  It  is  not  altered  by  expofure  to  the  air.  A 
fmall  heat  fublimes  it ; a greater  decompofes  it.  It  is 

Id.  ibid,  decompofed  by  I'ulphurf. 

18.  Benzoat  of  filver.  This  fait  Is  foluble  in  water 


{d.  ibid. 


• d.  ibid. 


•'d.  ibid. 


Id.  ibid. 


was  taken  from  Mr  Keir’s  Chemical  Didlionary,  and 
that  gentleman  borrowed  it  from  Leonhardi. 

Sect.  XXI.  Of  Camphor ats. 

The  neutral  falts  into  the  compofition  of  which  cam- 
phoric acid  enters,  have  been  denominated  campborats. 

The  only  chemift  who  has  hitherto  examined  them  is 
Bouillon  la  Grange  : his  experiments  have  been  publifti- 
ed  in  the  27th  volume  of  the  Annales  de  Chimie^  $25 

1.  Camphorat  of  potafs.  To  prepare  this  fait  car-  Camphorat 
bonat  of  potafs  is  to  be  diflblved  in  water,  and  the  folu-  potafs. 
tion  faturated  with  camphoric  acid.  When  the  effervef- 

cence  is  over,  the  liquor  is  to  be  evaporated  by  a gentle 
heat  to  the  proper  confiftence,  and  cryftals  of  campho- 
rat of  potafs  will  be  depofited  w'hen  the  liquor  cools. 

Camphorat  of  potafs  is  white  and  tranfparent;  its 
cryftals  are  regular  hexagons.  Its  tafte  is  bitterifti  and 

^0°  diflblves  --^th  part 
of  its  weight  of  this  fait ; boiling  water  diflblves  ^th 
part  of  its  weight. 

It  is  foluble  in  alcohol,  and  the  folution  burns  with 
a deep  blue  flame. 

When  expofed  to  moift  air,  it  lofes  a little  of  its  ^ 
tranfparency,  but  in  dry  air  it  fuffers  no  change. 

When  expofed  to  heat  it  melts,  fvvells,  and  the  acid 
is  volatilized  in  a thick  fmoke,  which  has  an  aromatic 
odour.  Before  the  blow-pipe  it  burns  with  a blue  flame, 
and  the  potafs  remains  behind  in  a ftate  of  purity. 

By  compound  affinity  this  fait  is  decompofed  by 
Nitrat  of  barytes. 

All  the  falts  whofe  bafe  is  lime, 

Nitrat  of  filver, 

Sulphat  of  iron,. 

Muriat  of  tin, 

lead*.  * 

2.  Camphorat  of  foda.  This  fait  may  be 


formed  Orangey 

the  fame  manner  with  the  camphorat  of  * 

Chim.  xxvii., 

its  tafte  is  fomewhat  ^"*’  826 

Camphorat. 


precifely  in 
potafs. 

It  is  white  and  tranfparent; 
bitter  ; its  cryftals  are  irregular. 


Water  at  the  temperature  of  60°  diifolves  lefs  than  of  Ibda. 
~oth  part  of  its  weight  of  this  fait ; boiling  water  dif- 


foives  -l^th  of  its  weight. 


It  is  alfo  foluble  in  alcohol. 

When  expofed  to  the  air  it  lofes  its  tranfparency,  and 

eftlorefces. 
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efflorefces  {lightly,  but  is  never  completely  reduced  to 
powder. 

Heat  produces  the  fame  elFed  upon  it  as  on  cam- 
phorat  of  potafs ; the  acid  burns  with  a blue  flame, 
which  becomes  reddifli  towards  the  end. 

’ By  compound  affinity  it  is  decompofed  by 


Nitrat  of  lime, 
filver, 


Muriat  of  lime, 
iion, 


Muriat  of  magnefia, 

ba-rytes, 

alumina, 


Sulphat  of  alumina, 
iron  ; and  ma- 


ny other  falls  with  me- 


* Bouillon 
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Chim.  xxVii. 
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tallic  bafes^. 

3.  Camphorat  of  ammonia.  This  fait  may  be  pre- 
pared by  diffolving  carbonat  of  ammonia  in  hot  water, 
and  adding  camphoric  acid  flowly  till  the  alkali  is  fatu- 
rated.  It  mufl  then  be  evaporated  with  a very  mode- 
rate heat,  to  prevent  the  difengaging  of  ammonia. 

It  is  very  difficult  to  obtain  this  fait  in  regular  cry- 
ftals.  When  evaporated  to  drynefs,  there  is  obtained  a 
folid  opaque  mafs  of  a fharp  and  bitterilh  tafte. 

Water  at  the  terrjperature  of  about  60°  diflblves  near- 
ly T^o-th  of  its  weight  of  this  fait ; boiling  water 
diffolves  ^d  of  its  weight : But  this  and  the  two  falts 
above  deferibed  are  a good  deal  more  foluble  when  there 
is  excefs  of  bafe. 

It  is  entirely  foluble  in  alcohol. 

When  expofed  to  the  air  it  attrails  moifture,  but  not 
in  fufficient  quantity  to  enable  it  to  aflume  a liquid 
form. 

When  expofed  to  heat  it  fwells,  melts  and  is  con- 
verted into  vapour  ; before  the  blow-pipe  it  burns  with 
a blue  and  red  flame,  and  is  entirely  volatilized. 

Moll  of  the  calcareous  falts  form  triple  falts  with 
camphorat  of  ammonia. 

It  decompofes  in  part  all  the  aluminous  falts  except 
the  fulphat  of  aluminaf . 

4.  Camphorat  of  barytes.  In  order  to  prepare  this 
fait,  barytes  is  to  be  diffolved  in  water,  and  camphoric 
acid  added  to  the  folution  ; the  mixture  is  then  to  be 
boiled,  and  afterwards  filtered  and  evaporated  to  dry- 
nefs. 

Camphorat  of  barytes  does  not  cryftallize ; when  the 
evaporation  is  conduced  flowly,  the  fait  is  depolited  in 
thin  plates  one  above  another,  which  appear  tranfpa- 
rent  while  immerfed  in  the  liquor,  but  become  opaque 
whenever  they  come  into  contadt  with  the  air. 

It  has  very  little  tafte,  though  it  leaves  at  laft  upon 
the  tongue  a flight  impreffion  of  acidity  mixed  with 
bitternefs. 

Water  diflblves  only  a very  fmall  quantity  of  this 
fait : boiling  water  being  capable  of  taking  up  only 
.^th  part  of  it. 

It  is  not  altered  by  expofure  to  the  air. 

When  expofed  to  heat  it  melts  eafily,  and  the  acid  is 
volatilized.  When  the  heat  is  confiderable,  the  acid 
burns  with  a lively  blue  flame,  which  becomes  red  and 
at  laft  while. 

It  is  decompofed  by 

Nitrat  of  potafs,  foda,  lime,  ammonia,  and  magnefia. 
Muriat  of  lime,  potafs,  alumina,  and  magnefia. 

All  the  fulphats. 

Carbonat  of  potafs  and  foda. 

Phofphat  of  potafs,  foda,  and  ammonia*. 

5.  Camphorat  of  lime.  This  fait  may  be  prepared  by 
dropping  into  lime-water  cryftallized  camphoric  acid. 


The  mixture  is  then  to  be  made  belling  kot,  paffed 
through  a filter,  and  evaporated  to  about  ^ths  of  its  vo- 
lume. On  cooling  camphorat  of  lime  is  depofited. 

It  has  no  regular  fhape  ; but  if  the  evaporation  has 
been  properly  conduced,  it  is  in  plates  lying  one  above 
another.  It  is  of  a white  colour,  and  has  a tafte  (light- 
ly bitter. 

Water  at  the  temperature  of  60°  diflblves  very  little 
of  this  fait ; boiling  water  is  capable  of  diflblving  about 
Tl“5^th  part  of  its  weight  of  it.  It  is  infoluble  in  alco- 
hol. 

It  is  compofed  of  43  parts  of  lime,  50  of  acid,  and 
7 of  water. 

When  expofed  to  the  air  it  dries  and  falls  into  pow- 
der. 

When  expofed  to  a moderate  heat  it  melts  and  fwells 
up  : when  placed  on  burning  coals,  or  when  heated  in 
clofe  vefl'els,  the  acid  is  decompofed  and  volatilized,  and 
the  lime  remains  pure. 

When  fulphuric  acid  is  poured  into  a folution  of  this 
fait,  it  produces  an  infoluble  precipitate ; nitric  and  mu- 
riatic acids  precipitate  the  camphoric  acid. 

It  is  decompofed  by  compound  affinity  by 
Carbonat  of  potafs, 

Nitrat  of  barytes, 

Muriat  of  alumina, 

Sulphat  of  alumina, 

Phofphat  of  foda*. 
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6.  Camphorat  of  magnefia.  This  fait  may  be  pre-  c p, 

vii. 


pared  by  pouring  water  on  carbonat  of  magnefia,  and 
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then  adding  cryftallized  camphoric  acid  : heat  is  then 
applied,  the  folution  is  filtrated,  and  evaporated  to  dry-  ’ g 
nefs.  The  fait  obtained  is  diflblved  in  hot  water,  pafled  Cam 
through  a filter,  and  evaporated  by  means  of  a mode- 
rate  heat  till  a pellicle  forms  on  the  furface  of  the  folu- 
tion.  On  cooling  the  fait  is  depofited  in  thin  plates. 

The  fecond  folution  is  to  remove  any  excefs  of  magne- 
fia  that  may  happen  to  be  prefent. 

This  fait  does  not  cryftallize.  It  is  white,  opaque, 
and  has  a bitter  tafte. 

It  is  fcarcely  more  foluble  in  water  than  camphorat 
of  lime. 

Alcohol  has  no  aeftion  on  it  while  cold,  but  when 
hot  it  diflblves  the  acid  and  leaves  the  magnefia ; and 
the  acid  precipitates  again  as  tlie  alcohol  cools. 

When  expofed  to  the  air  it  dries  and  becomes  cover- 
ed with  a little  powder;  but  this  effedl  is  produced 
flowly,  and  only  in  a warm  place. 

When  this  fait  is  placed  on  burning  coals,  the  acid  is 
volatilized,  and  the  magnefia  remains  pure.  Before  the 
blow-pipe  it  burns  like  the  other  camphorats  with  a 
blue  flame. 

The  nitrats,  muriats,  and  fulphats,  do  not  complete- 
ly decompofe  this  fait,  if  we  except  the  nitrat  of  lime 
and  muriat  of  alumina*. 

7.  Camphorat  of  alumina.  To  prepare  this  fait,  alu- 
mina, precipitated  by  means  of  ammonia,  and  well  wafli- 
ed,  is  to  be  mixed  with  water,  and  cryftals  of  campho- 
ric acid  added.  The  mixture  is  then  to  be  heated,  fil- 
tered, and  concentrated  by  evaporation. 

This  fait  is  a white  powder,  of  an  acid  bitterifli  tafte, 
leaving  to  the  tongue,  like  moft  of  the  aluminous  falts, 
a fenfation  of  aftringency. 

Water  at  the  temperature  of  60®  diflblves  about  ^^th 
part  of  its  weight  of  this  fait.  Boiling  water  diflblves 
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is  infolvible  In  water,  and  fcarcely  fcltible  in  acids.  It 
is  compofed,  according  to  the  moft  accurate  experi- 
ments hitherto  made,  of  equal  parts  of  oxyd  of  iron  and 
pruffic  acid.  It  is  not  affedfed  by  expofure  to  the  air. 
Heat  decompofes  It  by  deflroying  the  acid,  and  the 
oxyd  of  iron  remains  behind. 

The  PruAian  blue  of  commerce,  befides  other  impu- 
rities, contains  mixed  with  it  a great  quantity  of  alumi- 
na. Its  ufe  as  a pigment,  and  the  attempts  which  have 
been  made  to  introduce  it  as  a dye,  are  well  known. 

PriiQiat  of  iron  may  alfo  exift  in  another  ftate  : It 
may  have  a fuperahundance  of  oxyd  ; its  colour  is  then 
more  or  lefs  yellow.  To  this  ftate  it  may  be  reduced 
by  digefting  it  with  alkalies  or  any  of  the  alkaline 
earths.  I’hefe  fubftances  deprive  it  of  part  of  its  acid, 
but  not  of  the  whole. 

This  yellow  pruffiat  is  foluble  in  acids. 

Were  we  to  attempt  an  explanation  of  this,  and  the 
■ other  phenomena  which  the  pruffic  acid  difplays  in  its 
combinations,  we  would  conjedture,  that  this  yellow 
pruffiat  is  the  fubftance  formed  by  the  diredl:  combina- 
tion of  brown  oxyd  of  iron  and  pruffic  acid,  and  that 
the  blue  prufllat  is  formed  of  the  yellow  pruffiat  combi- 
ned as  an  integrant  with  pruffic  acid  : That  the  affinity 
between  the  pruffic  acid  and  oxyd  of  iron  is  much  ftron- 
ger  than  that  between  yellow  pruffiat  of  iron  and  pruf- 
fic acid : that  therefore  alkalies  and  earths  have  a 
fti'onger  affinity  for  pruffic  acid  than  the  yellow  pruf- 
fiat has,  but  a much  weaker  affinity  than  oxyd  of  iron, 
and  perhaps  every  other  oxyd  ; — hence  the  apparent  fu- 
periority  of  alkalies  and  earths  in  fome  cafes,  while  in 
others  they  appear  very  inferior.  We  would  fuppole, 
then,  that  the  pruffic  acid  has  a much  ftronger  affinity 
for  oxyd  of  iron,  and  perhaps  for  all  other  oxyds,  than 
for  other  bodies ; that  the  pruffiats,  thus  formed,  are 
capable  of  combining  with  pruffic  acid  ; but  that  their 
affinity  for  it  is  much  lefs  than  that  of  the  alkalies  and 
earths.  This  conjefture  is  fupported  by  all  the  phe- 
nomena at  prefent  known  ; it  would  remove  all  the  ap- 
parent anomalies  which  the  combinations  of  this  fingu- 
lar  acid  prefent,  and  reduce  the  whole  of  them  under 
the  known  laws  of  affinity. 

8.  Pruffiat  of  potafs  and  iron,  commonly  called  Pruf- 
fian  alkali,  or  Prujfmn  tejl.  This  fubftance  is  a triple 
fait,  compofed  of  pruffic  acid,  potafs,  and  oxyd  of  iron 
combined  together.  To  chemifts  and  mineralogifts  it 
is  one  of  the  moft:  important  inftruments  ever  invented  ; 
as,  when  properly  prepared,  it  is  capable  of  indicating 
whether  any  metallic  fubftance  (platinum  excepted)  be 
prefent  in  any  folution  whatever,  and  even  of  pointing 
out  the  particular  metal,  and  of  afcertaining  its  quan- 
tity: This  it  does  by  means  of  a compound  affinity, 
which,  after  what  has  been  faid  above,  may  be  eafily 
underftood.  The  Pruffian  alkali  may  be  conceived  to 
be  a combination  of  two  fubftances,  pruffiat  of  pot- 
afs and  blue  pruffiat  of  iron.  Now  every  metallic 
oxyd  has  a ftronger  affinity  for  pruffic  acid  than  potafs 
has  (and,  in  fad,  feems  to  have  a ftronger  affinity  for 
it  than  for  any  other  fubftance).  If,  therefore,  there 
happen  to  be  any  oxyd  in  the  folution,  it  immediately 
feizes  the  pruffic  acid  with  which  the  potafs  is  combi- 
ned, and  by  that  means  decompofes  the  triple  fait.  A 
pruffiat  of  the  particular  metal  is  formed,  and,  as  moft 
pruffiats  of  metals  are  infoluble,  it  Is  precipitated  ; and 
it  indicates  by  its  colour  the  particular  metal,  and  by 
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its  weight  the  quantity  of  metal  that  happens  to  be  Euk 
prefent.  At  the  fame  time,  the  blue  pruffiat  of  iron  is 
alfo  precipitated,  and  its  weight  nnift  be  deduded 
from  the  quantity  of  the  precipitate. 

In  order  to  be  certain  of  the  accuracy  of  thefe  re-  I 

fults,  it  is  neceftary  to  have  a Pruffian  alkali  perfedly  j 

pure,  and  to  be  certain  before  hand  of  the  quantity,  or  | 

rather  of  the  proportions  of  its  ingredients.  To  ob-  j 

tain  a teft  of  this  kind  has  been  the  objed  of  chemifts 
ever  fince  the  difcoveries  of  Macquer  pointed  out  its  | 

importance.  It  is  to  the  ufe  of  impure  tefts  that  a ■ 

great  part  of  the  contradidory  refults  of  mineralogical 
analyfes  by  different  chemifts  is  to  be  afcribed. 

There  are  two  :};  ways  in  which  this  left  may  be  ren-  See 
dered  impure,  beftdes  the  introdudion  of  foreign  in-  in. 
gredients,  which  we  do  not  mention,  becaufe  it  is  ob-  ^8 
vious  that  it  muft  be  guarded  againft.  i . There  may  be 
a fuperahundance  of  alkali  prefent,  or,  which  is  the  ^ 
fame  thing,  there  may  be  mixed  with  the  Pruffian  teft 
a quantity  of  pure  alkali  ; or,  2.  There  may  be  contain- 
ed in  it  a quantity  of  yellow  pruffiat  of  iron,  for  which 
pruffiat  of  potafs  has  alfo  a confiderable  affinity. 

If  the  Pruffian  teft  contain  a fuperahundance  of  al- 
kali, two  inconveniences  follow.  This  fuperabundant 
quantity  will  precipitate  thofe  earthy  falls  which  are  li- 
able to  contain  an  excefs  of  acid,  and  which  are  only 
foluble  by  that  excefs  : Hence  alumina  and  barytes  will 
be  precipitated.  It  is  to  the  ufe  of  impure  tefts  of 
this  kind  that  we  owe  the  opinion,  that  barytes  and 
alumina  are  precipitated  by  the  Pruffian  alkali,  and 
the  confequent  theories  of  the  metallic  nature  of  thefe 
earths.  This  miftake  was  firft  correded,  we  believe, 
by  Mr  Klaproth. 

Another  inconvenience  arifmg  from  the  fuperabun- 
dance  of  alkali  in  the  Pruffian  teft  is,  that  it  gradually 
decompofes  the  blue  pruffiat  which  the  teft  contains, 
and  converts  it  into  yellow  pruffiat.  In  what  manner 
it  does  this  will  be  underftood,  after  what  has  been 
faid,  without  any  explanation. 

On  the  other  hand,  when  the  Pruffian  alkali  contains 
a quantity  of  yellow  pruffiat  of  iron,  as  great  inconve-  ' 
niences  follow.  This  yellow  pruffiat  has  an  affinity  for 
pruffic  acid,  which-  though  inferior  to  that  of  the  pot- 
afs, is  flill  confiderable ; and,  on  the  other  hand,  the 
potafs  has  a ftronger  affinity  for  every  other  acid  than 
for  the  pruffic.  When,  therefore,  the  teft  is  expofed 
to  the  air,  the  carbonic  acid,  which  the  atmofphere  al-  ' 
ways  contains,  affifted  by  the  affinity  between  the  yel- 
low pruffiat  and  the  pruffic  acid,  decompofes  the  pruf- 
fiat of  potafs  in  the  teft  ; and  the  yellow  pruffiat  is  pre- 
cipitated in  the  form  of  Pruffian  blue  : And  every  other 
acid  produces  the  fame  effeft.  A teft  of  this  kind, 
therefore,  would  indicate  the  prefence  of  iron  in  every 
mixture  which  contains  an  acid  (for  a precipitation  of 
Pruffian  blue  would  appear)  ; and  could  not,  therefore, 
be  trufted  to  with  any  confidence.  ^ 

We  will  not  attempt  to  defcribe  the  various  methods  KlapfJ»’» 
which  different  chemifts  have  adopted  of  preparing  this  met!  of 
teft;  but  fhall  fatisfy  ourfelves  with  defcribing  the  form  j i'- 
method  of  Klaproth,  which  anfwers  the  purpofe  com- 
pletely. This  we  lhall  do  nearly  in  the  words  of  Mr  , 
Kirwan.  . 

Prepare  a pure  potafs,  by  gradually  projediing  Into  a i 
large  crucible  heated  to  whitenefs  a mixture  of  equal  parts 
of  purified  nitre  and  cryftals  of  tartar  ; when  the  whole 
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is  injedled,  let  it  be  kept  ; 
hour,  to  burn  off  the  coal. 

Detach  the  alkali  thus  obtained  from  the  crucible, 
reduce  it  to  powder,  fpread  it  on  a muffle,  and  expofe 
it  to  a white  heat  for  half  an  hour. 

Diflblve  it  in  fix  times  its  weight  of  water,  and  filter 
the  folution  while  warm. 

Pour  this  folution  into  a glafs  receiver  placed  in  a fand 
furnace,  heated  to  170°  or  180°,  and  then  gradually 
add  the  beft  Prufflan  blue  in  powder,  injedting  new  por- 
tions according  as  the  former  becomes  grey,  and  fupply- 
ing  water  as  fail  as  it  evaporates  ; continue  until  th-e 
added  portions  are  no  longer  difcoloured,  then  increafe 
the  heat  to  2 1 2°  for  half  an  hour. 

Filter  the  ley  thus  obtained,  and  faturate  it  with 
fulphuric  acid  moderately  diluted  ; a precipitate  w'ill  ap- 
pear ; when  this  ccafes,  filter  off  the  whole,  and  walh 
the  precipitate.  » 

Evaporate  the  filtered  liquor  to  about  one  quarter,  and 
fet  it  by  to  cryftallize  : after  a few  days,  yellowifh  cry- 
ftals  of  a cubic  or  quadrangular  form  will  be  found  mixed 
with  fome  fulphat  of  potafs  and  oxyd  of  iron  ; pick 
out  the  yellowifh  cryftals,  lay  them  on  blotting  paper, 
and  rediffolve  them  in  four  times  their  weight  of  cold 
water,  to  exclude  the  fulphat  of  potafs. 

7.  Effay  a few  drops  of  this  folution  with  barytic 
water,  to  fee  whether  it  contains  any  fulphuric  acid,  and 
add  fome  barytic  water  to  the  remainder  if  neceffary  ; 
filter  off  the  folution  from  the  fulphat  of  barytes,  wdiich 
willhave  precipitated,  and  fet  it  by  to  cryftallize  for  a few 
days  ; that  the  barytes,  if  any  fliould  remain,  may  be 
precipitated.  If  the  cryftals  now  obtained  be  of  a pale 
yellow  colour,  and  difcover  no  bluifk  ftreaks  when 
fprinkled  over  wdth  muriatic  acid,  they  are  fit  for  ufe  ; 
but  if  they  ftill  difcover  bluifh  or  green  ftreaks,  the  folu- 
tions  and  cryftallizations  muft,  be  repeated. 

Thefe  cryftals  muft  be  kept  in  a well  flopped  bottle, 
which  to  preferve  them  from  the  air  fhould  be  filled  with 
alcohol,  as  they  are  infoluble  in  it. 

Before  they  are  ufed,  the  quantity  of  iron  they  con- 
tain fhould  be  afcertained,  by  heating  too  grains  to 
rcdnefs  for  half  an  hour  in  an  open  crucible  : the  pruf* 
fic  acid  will  be  confumed,  and  the  iron  will  remain  in 
the  ftate  of  a reddifh  brown  magnetic  oxyd,  which  fliould 
be  weighed  and  noted  ; This  oxyd  is  half  the  weight  of 
the  Pruffian  blue  afforded  by  the  Pruffian  alkali ; its 
weight  muft  therefore  be  fubtrafted  from  that  of  me- 
tallic precipitates  formed  by  this  teft.  Hence  the  weight 
of  the  cryftals  in  a given  quantity  of  the  folution,  fhould 
be  noted,  that  the  quantity  employed  in  precipitation 
may  be  known.  Care  muft  be  taken  to  continue  the  cal- 
cination till  the  oxyd  of  iron  becomes  brown  ; for  while 
it  is  black,  it  weighs  confiderably  more  than  it  fliould  J. 

9-  Pruffiat  of  foda  and  iron.  The  only  difcernible  dif- 
ference between  this  fait  and  the  laft  is,  that  it  cryftal- 
l]  Btrtlolkt.  lizes  differently  11 . 

f 10.  Pruffiat  of  ammonia  and  iron.  This  triple  fait 

rnifliat  of  has  alfo  been  employed  as  a teft  ; but  it  is  not  fo  eafy 
anmonia  . • • • rL  r • 11  t 

Bd  iron.  obtain  it  m a ftate  or  purity  as  the  other  two.  It  was 

difcovered  by  Macquer,  and  firft  recommended  by 

Meyer. 

It  forms  flat  hexangular  cryftals,  foluble  in  water, 
Woulfe,  deliquefces  in  the  air.  Heat  decompofes  it  like  the 

lot.  We  lhall  not  give  any  defcriptlon  of  the  triple  falls 
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formed  by  digefting  the  alkaline  earths  on  pruffat  of 
iron;  they  are  fufficiently  known,  and  are  not  of  any 
ufe  except  as  lefts ; and  in  that  refpedt  they  ars  inferior 
to  that  above  defcribed.  They  are  all  foluble  in  water, 
and  are  rnoft  of  them  capable  of  cryftalHzing.  847 

II.  Piuftiat  of  mercury.  This  fait,  which  was  firft  PrufSat  of 
formed  by  Scheele,  is  compufed  of  the  pruffic  acid  »rcrcury. 
combined  with  the  red  oxyd  of  mercury.  It  may  be 
formed  by  boiling  the  red  oxyd  of  mercury  wnth  Pruf- 
fian blue.  It  cryftallizes  in  tetrahedral  prilms,  termina- 
ted by  quadrangular  pyramids,  the  fides  of  which  cor- 
refpond  with  the  angles  of  the  prifm. 

This  fait  is  capable  of  combining  with  fulphuric  and 
muriatic  acids,  and  forming  triple  falts,  w’hich  have  not 
yet  been  examined^.  % Bertholh^ 

Sect.  XXIV.  Of  Formats, 

The  compounds  into  which  the  formic  acid  enters 
are  called  formats.  We  fhall  not  deferibe  them,  as  little 
has  been  added  to  the  account  already  given  in  the  Ap- 
pendix to  the  article  Chemistry  in  the  Encyclopsedia. 

Sect.  XXV.  Of  Sebats. 

The  compounds  into  which  the  febacic  acid  enters  are 
called  febats.  For  our  knowledge  of  this  clafs  of  falts 
we  are-,  chiefly  indebted  to  the  celebrated  Crell,  who 
publiflied  a differtatioa  on  the  febacic  acid  and  its  com- 
binations in  the  Philofophical  Tranfadions  for  1780 
and  1782.  ...  848 

1.  Sebat  of  potafs.  This  fait  Is  of  a white  colour.  Alkaline 
Its  cryftals  are  quadrangular  pyramids,  of  which  two  fel»t& 
oppofite  fides  are  narrower  than  the  others.  It  has  a 

fharp  faline  tafte  like  rriuriat  of  ammonia,  but  milder. 

It  is  foluble  in  water,  Infoluble  in  alcohol,  and  does  not 
deliquefee  when  expofed  to  the  air.  Heat  decompofes  it.' 

2.  Sebat  of  foda.  This  fait  is  white.  Its  cryftals 
are  pyramids,  with  three  or  four  lides  ; a very  moderate 
heat  melts  them. 

3.  Sebat  of  ammonia.  This  fait  In  tafte  and  folubl- 
lity  refembles  muriat  of  ammonia,  but  it  differs  from  it 
in  not  being  capable  of  fubliming  iron. 

4.  Sebat  of  lime.  The  cryftals  of  this  fait  are  hex-  Earthy  le- 
agons,  terminated  by  a plane  furface  : they  have  a fharp  hate, 
acrid  tafte  : are  very  foluble  in  water,  but  not  in  alco- 
hol ; they  do  not  deliquefee. 

5.  Sebat  of  magnefia.  A gummy,  faline,  uncryftal- 
lizable  mafs. 

6.  Sebat  of  alumina.  A gummy,  faline  mafs,  which 

does  not  cryftallize,  and  has  an  auftere  aftringent  tafte.  850 

7.  Sebat  of  iron.  Needle-lliaped  cryftals  which  de-  Metallic fe- 
liquefce. 

8.  Sebat  of  lead.  Needle-fhaped  cryftals,  very  folu- 
ble in  w^ater. 

9.  Sebat  of  tin.  A white  deliquefeent  fait. 

10.  Sebat  of  copper.  This  fak  is  capable  of  cryftal- 
lizing,  but  is  very  deliquefeent. 

1 1.  Sebat  of  antimony.  A cryftallizable  fait,  w'hich 
does  not  deliquefee. 

12.  Sebat  of  arfenic.  Small  cryftals. 

13.  Sebat  of  mercury.  A white  powder,  very  diffi- 
cultly foluble  in  water. 

14.  Sebat  of  gold.  Yellow  cryftals. 

15.  Sebat  of  platinum.  Brownifh  yellow  cryftals. 

The  bombats  or  compounds  which  the  bombic  acid 

forms  are  ftill  unknown. 
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would  be  completely  decompofed  by  water,  and  their 
fulphur  precipitated  ; for  water  has  a ftronger  affinity 
for  the  alkalies  than  fulphur  has.  This  Berthollet  pro- 
ved by  the  following  experiment : To  a folution  of  ful- 
phuret  of  potafs  in  water  (that  is,  to  hydrogenous  ful- 
phuret  of  potafs)  a quantity  of  oxy-muriatic  acid  fu- 
perfaturated  with  potafs  was  added,  and  the  fulphur 
was  immediately  precipitated.  In  this  experiment  the 
fulphurated  hydrogen  was  deftroyed  by  the  oxygen  of 
the  oxy-muriatic  acid  ; and  the  precipitation  of  the  ful- 
phur (hews  that  its  affinity  for  potafs  was  not  fufficient 
to  keep  it  dilTolved,  or,  which  is  the  fame  thing,  that  its 
affinity  for  potafs  was  inferior  to  thit  of  water. 

The  fubdance  which  we  defcribed  in  Part  I,  chap.  iii. 
fedt.  4.  of  this  article,  under  the  name  of  Black  Sulphu- 
rct  of  Mercury,  is  a hydrogenous  fulphuret  of  mer- 
cury, and  therefore  differs  from  the  red  fulphuret  of 
mercury  or  cinnabar,  by  containing  a quantity  of  ful- 
phurated hydrogen.  Potafs  has  a ftronger  affinity  for 
this  laft  fubftance  than  the  fulphuret ; potafs  therefore, 
by  the  affiftance  of  heat,  deprives  the  black  or  hydro- 
genous fulphuret  of  its  fulphurated  hydrogen,  aria  re- 
duces it  to  the  ftate  of  red  fulphuret.  This  explains 
the  method  of  forming  cinnabar  defcribed  in  the  fedtion 
above  referred  to,  and  points  out  a much  eafier  procefs 
for  obtaining  that  ufeful  pigment. 

We  (hall  now  proceed  to  the  method  of  forming  the 
hydrofulphurets.  Berthollet  obtained  fulphurated  hy- 
drogen gas  from  fulphuret  of  iron  in  the  ufual  manner, 
by  means  of  fulphuric  acid.  It  was  made  to  pafs  thro’ 
a veffel  filled  with  water  before  it  entered  that  in  which 
the  combination  was  to  take  place.  By  this  method  a 
folution  of  potafs  was  impregnated  with  fulphurated  hy- 
drogen ; and  in  order  to  be  certain  of  faturating  the 
alkali  completely,  the  gas  was  added  in  excefs,  and  the 
excefs  was  afterwards  driven  off  by  means  of  heat.  By 
this  method  hydrofulphurets  of  potafs,  foda,  and  am- 
monia, may  be  formed. 

In  order  to  form  hydrofulphuret  of  lime,  that  earth 
was  mixed  with  diftilled  water,  and  fulphurated  hydro- 
gen gas  paffed  into  this  mixture  till  a fufficient  quan- 
tity of  hydrofulphuret  was  judged  to  be  formed ; the  li- 
quid, which  contained  It  in  folution,  was  poured  off  the 
undiffolved  lime,  and  faturated  to  excefs  with  fulphura- 
ted hydrogen,  and  this  excefs  was  afterwards  driven  off 
by  means  of  heat. 

Hydrofulphuret  of  magnefia  may  be  formed  by  dif- 
folving  magnefia  in  water  impregnated  with  fulphura- 
ted hydrogen  gas. 

If  a folution  of  fulphuret  of  barytes  in  v^ater,  or, 
more  properly,  if  hydrogenous  fulphuret  of  barytes  be 
evaporated,  a great  number  of  confufed  cryftals  are 
formed  ; if  thefe  be  feparated  quickly  by  filtration,  and 
placed  upon  blotting  paper  to  dry,  a white  cryftalline 
fubftance  is  obtained,  which  is  hydrofulphuret  of  ba- 
rytes. 

The  affinities  of  the  alkalies  and  earths  for  fulphura- 
ted hydrogen  appear  from  the  experiments  of  Berthol- 
let to  be  as  follows  : 

Barytes, 

Potafs, 

Soda, 

Lime, 

Ammonia, 
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Magnefia,  Hydroful- 

Jargonia.  phuret?. 

Almoft  all  the  metallic  oxyds  have  a ftronger  affinity 
for  fulphurated  hydrogen  than  the  earths  have.  §5^ 

When  the  hydrofulphurets  are  prepared  with  the  ne-  Properties 

ceffary  precautions  to  prevent  the  contad:  of  atraofphe-  bydro- 
' ■ ‘ ■ " ‘ ■ fuIphureU. 


air 


i 
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Vifinities 
if  fulphu- 
ated  hy- 
Irogen.  , 


rical  air,  they  are  colourlefs,  but  the  adion  of  the 
renders  them  yellow. 

If  they  be  decompofed  while  they  are  colourlefs,  by 
pouring  upon  them  fulphuric  acid,  muriatic  acid,  or 
any  other  acid  which  does  not  ad  upon  hydrogen,  the 
fulphurated  hydrogen  gas  exhales  without  the  depofitiotl 
of  a Tingle  particle  of  fulphur  ; but  if  the  bydrofulphu- 
ret  has  become  yellow,  forne  fulphur  is  always  depofited 
during  its  decompofition,  and  the  quantity  of  fulphur  is 
proportional  to  the  deepnefs  of  the  colour. 

The  yellow  colour,  therefore,  which  hydrofulphurets 
acquire  by  expofure  to  the  atmofphere  is  owing  to  a 
commencement  of  decompofition.  Part  of  the  hydro- 
gen of  the  fulphurated  hydrogen  abandons  the  fulphur, 
combines  with  the  oxygen  of  the  atmofphere,  and 
forms  water.  By  degrees,  however,  a portion  of  the 
fulphur  is  alfo  converted  into  an  acid  ; and  when  the 
proportion  of  fulphurated  hydrogen  is  dimini(hed,  and 
that  of  the  fulphur  increafed  to  a certain  point,  the  ful- 
phur and  the  hydrogen  combine  equally  with  oxygen. 

If  fulphuric  or  muriatic  acids  be  poured  upon  a hy- 
drofulphuret  after  it  has  been  for  fonie  time  expofed  to 
the  air,  a quantity  of  fulphurated  hydrogen  gas  exhales, 
fulphur  is  depofited,  and  after  an  interval  of  time  ful- 
phurous  acid  is  difengaged.  It  is  therefore  fulphurous, 
and  not  (ulphuric  acid,  which  is  formed  while  the  hydro- 
fulphuret fpontaneoufly  abforbs  oxygen.  This  acid, 
however,  is  not  perceptible  till  after  a certain  interval 
of  time  when  feparated  from  the  hydrofulphuret  by 
means  of  an  acid  ; becaufe  as  long  as  it  meets  with  ful- 
phurated hydrogen  a reciprocal  decompofition  takes 
place.  The  oxygen  of  the  acid  combines  with  the  hy- 
drogen of  the  gas,  and  the  fulphur  of  both  is  precipi- 
tated. 

Sulphurated  hydrogen  is  capable  of  combining  with  MetalHn* 
feveral  of  the  metals,  mercury,  for  inftance,  and  (ilver  : hydroful- 
it  combines  with  the  greater  number  of  the  metallic  ox-  phurets. 
yds,  and  forms  hydrofulphurets,  on  which  the  alkalies 
have  no  adlion  at  the  temperature  of  the  atmofphere  : 

But  concentrated  acids  combine  with  the  oxyds  of  thefe 
hydrofulphurets,  and  feparate  the  fulphurated  hydrogen 
in  the  form  of  gas. 

In  the  greater  number  of  thefe  metallic  oxyd  hydro- 
fulphurets, the  tendency  which  oxygen  and  hydrogen 
have  to  combine  occafions  a partial  decompofition  of 
the  fulphurated  hydrogen,  and  brings  the  oxyds  nearer 
to  the  metallic  ftate.  In  fome  of  thefe  hydrofulphurets 
part  of  the  fulphur  alfo  combines  with  oxygen,  and 
forms  fulphuric  acid. 

The  alkaline  hydrofulphurets  precipitate  all  the  me- 
tals from  their  combination  with  acids  ; they  are  there- 
fore very  valuable  lefts  of  the  prefence  of  metals  in  any 
folution,  as  they  do  not  precipitate  any  of  the  earths 
except  alumina  and  jargonia.  The  following  table  ex- 
hibits a view  of  the  effedl  of  hydrofulphuret  of  potafs, 
hydrogenous  fulphuret  of  potafs,  and  water  impregna- 
ted with  fulphurated  hydrogen  gas,  upon  various  me- 
tallic folutions. 
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Metallic  Solutions. 

Solution  of  Hydr«genous  Sul- 
phuret  of  Potafs. 

Water  impregnated  with  Sul- 
phurated Hydrogen  Gas. 

Hydrofulphuret  of  Potafs. 

Green  fulphat  of 
iron. 

A black  precipitate,  which 
becomes  yellow  by  the  contaft 
of  the  air. 

' 

A black  precipitate.  The 
potafs  feparated. 

Red  oxyd  of  iron. 

\ 

Becomes  black.  The  liquor 
remains  very  deep  coloured  if 
there  be  an  excefs  of  fulphu- 
rated  hydrogen. 

Becomes  black. 

Sulphat  of  zinc.  |A  white  precipitate. 

A white  precipitate. 

A white  precipitate. 

Acetite  of  lead. 

A white  precipitate,  which  by 
an  addition  becomes  black. 

A black  precipitate. 

A black  precipitate. 

Red  oxyd  of  lead. 

Becomes  black. 

The  potafs  feparated. 

Nitrat  of  bifmuth. 

A black  precipitate. 

A black  precipitate. 

Oxyd  of  bifmuth. 

Becomes  black. 

Nitrat  of  filver. 

•c 

A black  precipitate. 

A black  precipitate. 

A black  precipitate. 

Sulphat  of  copper. 

A browm  {rrecipitate. 

A black  precipitate. 

A black  precipitate. 

Green  oxyd  of  cop- 
per. 

Becon»es  black. 

Separation  of  the  potafs. 

Nitrat  of  mercury. 

In  a great  deal  of  water,  a 
brown  colour. 

A brownifti  black  precipi- 
tate. 

A brownilh  black  precipi- 
tate. 

Oxy-muriat  of  mer- 
cury. 

A white  precipitate,  which 
becomes  black  by  addition. 

A white  precipitate,  beco- 
ming black  by  an  addition. 

White  becomes  black  by  ad- 
dition. 

Red  oxydof  mercu- 
ry. 

Blackifh. 

A heat  produced  which  cau- 
fed  the  hydrofulphuret  to  boil. 
The  alkali  feparated  (a). 

Muriat  of  tin. 

A black  precipitate. 

Oxy-muriat  of  tin. 

A precipitation  of  fulphur, 
and  of  the  oxyd. 

No  change. 

A precipitate  of  white  oxyd 
of  tin,  and  a difengagement 
of  fulphurated  hydrogen  gas. 

White  oxyd  of  tin. 

No  change. 

Difengagement  of  fulphura- 
ted hydrogen  gas. 

Sulphat  of  manga- 
nefe. 

No  change. 

A white  precipitate. 

Black  oxyd  of  man- 
ganefe. 

■ 

The  odour  difappeau's.  An 
excefs  of  the  water  diffolves 
the  oxyd. 

Ammonia  difengaged.  Heat. 
The  liquor  boils(A). 

Nitrat  of  antimony. 

A reddifh  orange  precipitate. 

Tartrite  of  antimo- 
ny. 

A yellow  orange  precipitate. 

An  orange  colour,  but  no 
precipitate. 

An  orange  red  precipitate, 
redlilblved  by  an  excefs  of 
hydrofulphuret. 

White  oxyd  of  anti- 
mony. 

Becomes  yellow  after  fome  fe- 
conds. 

The  liquor  lofesits  colour(A). 

Metallie 


Hydrofi  , 
phure: 


(a)  In  thefe,  hydrofulphuret  ©f  ammonia  was  ufed  inftead  of  hydroful phuret  of  potafs. 
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Metallic  Solutions. 

Solution  of  Hydrogenous  Sul- 
phuret  of  Potafs. 

Water  impregnated  with  Sul- 
phurated Plydrogen  Gas. 

Hydrofulphuret  of  Potafs. 

Oxyd  of  antimony 
fublimed. 

Scarcely  changes  colour. 

Solution  of  oxyd  of 
arfenic. 

^Iphuret  decompofed  as  by 
an  acid. 

Becomes  femewhat  muddy, 
and  of  a yellow  colour. 

A yellow  colour,  but  no  pre- 
cipitate. 

jSulphat  of  titanium. 

A.  precipitate  of  a deep  green. 

■Molybdic  acid. 

A brown  precipitate. 

A brown  precipitate. 
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ryftals  The  word  Cryjlal  in  its  drift  and  proper  fenfe  figni- 
fies  a traftfparent  body  poffeffed  of  a regular  figure. 
But  it  is  now  ufed  to  denote  a body  which  has  alfumed 
a regular  figure  whether  it  be  tranfparent  or  not.  €ry~ 
Jlallization  is  the  a£l  by  which  this  regular  figure  is 
formed. 

As  the  greater  number  of  cryftals  belong  to  the  clafs 
of  neutral  falts,  it  may  not  be  improper  before  we  con- 
clude this  part  of  the  article  to  make  a fewobfervations 
on  the  phenomena  of  cryftallization. 

As  cryftallization  is  confefTedly  nothing  elfe  than  the 
regular  arrangement  of  the  particles  of  bodies,  it  is  evi- 
dent that  before  it  can  take  place  the  particles  of  the 
body  to  be  cryftallized  muft  be  at  fome  diftance  from 
each  other,  and  that  they  muft  be  at  liberty  to  obey  the 
laws  of  attraflion.  They  may  be  put  into  this  fituation 

86y  by  three  methods,  folution,  fufpenfion  and  fufion. 

'rmed  by  i.  Solution  is  the  common  method  of  cryftallizing 
Htion,  falts.  They  are  dilTolved  in  water  : The  water  is  flow- 
ly  evaporated,  the  faline  particles  gradually  approach 
each  other,  combine  together,  and  form  fmall  cryftals  ; 
which  become  conftantly  larger  by  the  addition  of  other 
particles  till  at  la  ft  they  fall  by  their  gravity  to  the  bot- 
tom of  the  veflel.  It  ought  to  be  remarked,  howevcr,that 
there  are  two  kinds  of  folution, each  of  which  prefents  dif- 
ferent phenomena  of  erj  ftaliization.  Some  falts  diflblve 
in  very  fmall  proportions  in  cold  water,  but  are  very  fo- 
luble  in  hot  water  ; that  is  to  fay,  water  at  the  common 
temperature  has  little  effe(ft  upon  them,  but  water 
combined  with  caloric  diftblves  them  readily.  When 
hot  water  faturated  with  any  of  thefc  falts  cools,  it  be- 
comes incapable  of  holding  them  in  folution  ; the 
confequence  of  which  is,  that  the  faline  particles  gra- 
dually approach  each  other  and  cryftallize.  Sulphat  of 
foda  is  a fait  of  this  kind.  To  cryftallize  fuch  falts 
nothing  more  is  neceflary  than  to  faturate  hot  water 
v/ith  them,  and  fet  it  by  to  cool.  But  were  we  to  at- 
tempt to  cryftallize  them  by  evaporating  the  hot  water, 
we  fhould  not  fucceed  ; nothing  would  procured  but 
a fhapelefs  mafs.  Many  of  the  falts  which  follow  this 
law  of  cryftallization  combine  with  a great  deal  of  wa- 
ter ; or,  which  is  the  fame  thing,  many  cryftals  formed 
in  this  manner  contain  a great  deal  of  water  of  cryftal- 
lization. 

There  are  other  falts  againwhich  are  nearly  equally  fo- 
luble  in  hotand  cold  water;  common  fait  for  inftance.  It 
is  evident  that  fuch  falts  cannot  be  cryftallized  by  cool- 


ing ; but  they  cryftallize  very  well  by  evaporating  their 
folution  while  hoc.  Thefe  falts  generally  contain  but 
little  water  of  cryftallization.  ggg 

2.  It  appears,  too,  that  fome  fubftances  are  capable  .Suf^cnfion, 
of  affuming  acryftalline  form  merely  by  having  their 
particles  fufpended  in  water,  without  any  regular  folu- 
tion ; at  leaft  it  is  not  eafy,  on  any  other  fuppcfition, 

to  explain  the  cryftallizations  of  carbonat  of  lime  fome- 
times  depofited  by  waters  that  run  over  quantities  of 
that  mineral.  869 

3.  There  are  many  fubftances,  however,  neither  folu-  And  f«- 
ble  in  water,  nor  capable  of  being  fo  rninutely  divided 

as  to  continue  long  fufpended  in  that  fluid  ; and  which, 
notwithftanding,  are  capable  of  affuming  a cryftalline 
form.  This  is  the  cafe  with  the  metals,  with  glafs,  and 
fome  other  bodies.  The  method  employed  to  cryftal- 
lize them  is  fujion,  which  is  a folution  by  means  of  ca- 
loric. By  this  method  the  particles  are  feparated  from 
one  another  ; and  if  the  cooling  goes  on  gradually,  they 
are  at  liberty  to  arrange  themfelves  in  regular  cryftals. 

There  are  many  fubftances,  however,  which  it  has  been 
hitherto  impollible  to  reduce  to  a cryftalline  form,  either 
by  thefe  or  any  other  method.  Whether  this  be  owing 
to  the  nature  of  thefe  bodies  themfelves,  or  to  our  ig- 
norance of  the  laws  by  which  cryftals  are  formed  as  is 
much  more  likely,  cannot  be  determined.  870 

The  phenomena  of  cryftallization  feem  to  have  at-  Cryflalll- 
tradled  but  little  of  the  attention  of  the  ancient  philofo-  zat'on  ex- 
phers.  Their  theory  indeed,  that  the  elements  of  bo-  P 
dies  poffefs  certain  regular  geometrical  figures,  may 
have  been  fuggefted  by  thefe  phenomena  ; but  we  are 
ignorant  of  their  having  made  any  regular  attempt  to 
explain  them.  The  fchoolmen  aferibed  the  regular  fi- 
gure of  cryftals  to  their  fubftantial  forms,  without  giving 
themfelves  much  trouble  about  explaining  the  meaning 
of  the  term.  This  notion  was  attacked  by  Boyle  ; who 
proved,  that  cryftals  w'ere  formed  by  the  mere  aggrega- 
tion of  particlesf.  But  it  ftill  remained  to  explain,  f TVfa/j/?  cm 
why  that  aggregation  took  place  ? and  why  the  parti-  the  Origin  of 
cles  united  in  fuch  a manner  as  to  form  regular  figures  i 
Thefe  queftions  were  anfwered  by  New'ton.  Accord- 
ing  to  him,  the  aggregation  is  produced  by  the  at- 
tradiion  which  he  had  proved  to  exift  between  the  par- 
ticles of  all  bodies,  and  which  adts  as  foon  as  thefe 
particles  are  brought  within  a certain  diftance  of  each 
other  by  the  evaporation  of  the  liquid  in  which  they  are 
diffolved.  The  r egularity  of  their  figures  he  explained 
by  fuppofing,  that  while  in  a ftate  of  folution,  they  were 
arranged  in  the  liquid  in  regular  rank  and  file  ; the  con- 
fequence 
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fyllalli-  a fisnilar  fegment  in  the  part  to  which  the  next  edge 
c » belonged,  employed  for  that  purpofethe  blade  of  a 
knife  directed  in  the  fame  degree  of  obliquity  as  the 
trapezium  p s u t,  and  affifted  by  the  ftrokes  of  a ham- 
mer. He  could  not  fucceed  : But  upon  making  the 
attempt  upon  the  next  edge  h c,  he  detached  another 
fegment  precifely  fimilar  to  the  firft,  and  which  had  for 
its  vertex  the  edge  b c.  He  could  produce  no  effedl  on 
the' next  edge  a b ; but  from  the  next  following,  a h,  he 
cut  a fegment  fimilar  to  the  other  two.  The  fixth 
edge  likewife  proved  refraftory.  He  then  went  to  the 
other  bafe  of  the  prifm  d efgh  r,  and  found,  that  the 
edges  which  admitted  feflions,  fimilar  to  the  prece- 
ding ones  were  not  the  edges  e f,  d r,  g k,  correfpond- 
ing  with  thofe  which  had  been  found  diviiible  at  the  op- 
pofite  bafe,  but  the  intermediate  edges  d e,  k r,gf.  The 
trapezium  1 q y v reprefents  the  fedlion  of  the  fegment, 
W'hich  had  k r for  its  vertex.  This  fedion  was  evident- 
ly parallel  to  the  fedion  ps  ut  ; and  the  other  four  fec- 
tions  were  alfo  parallel  two  and  two.  Thefe  fedions 
were,  without  doubt,  the  natural  joinings  of  the  layers 
of  the  cryftal.  And  he  eafily  lucceeded  in  making 
others  parallel  to  them,  without  its  being  poffible  for 
him  to  divide  the  cryftal  in  any  other  diredion.  In 
this  manner  he  detached  layer  after  layer,  approaching 
always  nearer  and  nearer  the  axis  of  the  prifm,  till  at 
laft  the  bafes  difappeared  altogether,  and  the  prifm  was 
converted  into  a folid  OX  (fig.  9.)  terminated  by 
twelve  pentagons,  parallel  two  and  two  ; of  which 
thofe  at  the  extremities,  that  is  to  fay,  ASRIO,  IG 
EDO,  BAODC  at  one  end,  and  FKNPQ^MNPXU, 
ZQPXY  at  the  other,  were  the  refults  of  mechani- 
cal divifion,  and  had  their  common  vertices  O,  P fitua- 
ted  at  the  centre  of  the  bafes  of  the  original  prifm. 
The  fix  lateral  pentagons  RSUXY,ZYRIG,  &c.  were 
the  remains  of  the  fix  fides  of  the  original  prifm. 

By  continuing  fedions  parallel  to  the  former  ones, 
the  lateral  pentagons  diminifhed  in  length  ; and  at  laft 
the  points  R,  G coinciding  with  the  points  Y,  Z,  the 
points  S,  R with  the  points  U,  Y,  &c.  there  remain- 
ed nothing  of  the  lateral  pentagons  but  the  triangles 
YIZ,  UXY,  &c.  (fig.  10.).  By  continuing  the  fame 
fedions,  thefe  triangles  at  laft  difappeared,  and  the 
prifm  was  converted  into  the  rhomboid  a e.  (fig.  ii.). 

So  unexpeded  a refult  induced  him  to  make  the 
fame  attempt  upon  more  of  thefe  cryftals;  and  he  found 
that  all  of  them  could  be  reduced  to  fimilar  rhomboids. 
He  found  alfo,  that  the  cryftals  of  other  fubftances 
could  be  reduced  in  the  fame  manner  to  certain  primi- 
tive forms  ; always  the  fame  in  the  fame  fubftances,  but 
every  fubftance  having  its  own  peculiar  form.  The 
primitive  form  of  fluat  of  lime,  for  inftance,  was  an  oc- 
tahedron ; of  fulphat  of  barytes,  a prifm  with  rhomboi- 
dal  bafes  ; of  field  fpath,  an  oblique  angled  parailelopi- 
ped,  but  not  rhomboidal ; of  adamantine  fpar,  a rhom- 
boid, fomewhat  acute ; of  blende,  a dodecahedron,  with 
rhomboidal  fides,  and  fo  on. 

Thefe  mull  be  confidered  as  the  real  primiti've  forms 
of  the  cryftals  ; the  other  forms  which  they  often  af- 
fume  may  be  called  fecondary  forms. 

The  primitive  cryftals  obtained  by  the  above  procefs 
may  bedivided  by  feflionsparalleltotheir  differantfides: 
all  the  matter  which  furrounded  this  primitive  cryftal 
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may  alfo  be  divided  by  fedlions  parallel  to  the  fides  of  Cryftalli- 
the  primitive  cryftal.  It  follows  from  this,  that  the  zaticn. 
parts  detached  by  means  of  thefe  fe<ftions  are  fimilar, 
and  differ  from  one  another  only  in  fize,  which  dimini- 
flies  in  proportion  to  the  length  that  the  divifion  is  car- 
ried. But  the  divifion  of  the  cryftals  into  fimilar  folids 
has  a term,  beyond  which  we  fhould  come  to  the  fmalleft 
particles  of  the  body,  which  could  not  be  divided  with- 
out chemical  decompofition.  It  is  probable,  therefore, 
that  the  form  of  the  Integrant  particles  of  a body  is  the 
fame  with  the  primitive  form  of  its  cryftals.  Here,  then, 
we  have  a method  of  difeevering  the  form  of  the  particles 
of  bodies;  and  if  this  method  could  be  applied  to  all  fub.- 
ftances  whatever,  it  would  enable  us  to  afeertain  the  affi- 
nity of  all  bodies  for  each  other  by  accurate  calculation. 

It  muft  be  allowed, that  feveral  objedtions might  be  made 
to  the  conclufions  of  Mr  Hauy;  but  his  theory  is,  on 
the  whole,  fo  plaufible,  that  it  would  certainly  be  W'orth 
v/hile  to  extend  it,  and  apply  it  to  the  calculation  of 
affinities  as  far  as  it  is  fufceptible  of  the  application. 

If  the  cryftals  obtained  by  the  above  procefs  be  the  pri- 
mitive forms,  it  becomes  a queftion  of  fome  confequence 
to  determine  in  what  manner  the  fecondary  forms  are 
produced. 

According  to  Hauy,  all  the  parts  fuperadded  to  the 
primitive  cryftals,  in  order  to  form  the  fecondary  cry- 
ftal, confift  of  plates,  which  decreafe  regularly  by  the 
fubtradtion  of  one  or  more  rows  of  Integrant  particles, 
in  fuch  a manner,  that  the  number  of  thefe  ranks,  and 
confequently  the  form  of  the  fecondary  cryftal,  may  be 
determined  by  theory  (c). 

To  explain  this,  let  us  fuppofe  that  EP  (fig.  12.)  re- 
prefents a dodecahedron,  terminated  by  equal  and  fimi- 
lar rhombs;  that  this  dodecahedron  is  a fecondary  cry- 
ftal, the  primitive  form  of  which  is  a cube  : the  fitua- 
tion  of  this  cube  in  the  dodecahedron  may  be  conceived 
from  fig.  13.  The  fmaller  diagonals  DC,  CG,  GF, 

FD,  of  four  fides  of  the  dodecahedron,  united  round 
the  fame  folid  angle  L,  form  the  fquare  CDFG.  Now 
there  are  fix  folid  angles,  compofed  of  four  plains,  to- 
wit,  the  angles  L,  O,  E,  N,  R,  P (fig.  12.)  ; and  confe- 
quently, by  makingfedtions  through  the  fmaller  diagonals 
of  the  fides  that  form  thefe  angles,  fix  fquares  will  be 
made  apparent,  w’hich  are  the  fix  fides  of  the  primitive 
cube,  three  of  which  are  reprefented  in  fig.  13.  CDFG, 

ABCD,  BCGH. 

This  cube  being  compofed  of  cubic  integrant  parti- 
cles, each  of  the  pyramids,  LCDFG  for  inftance  (fig. 

13. )  which  repofe  upon  its  fides,  muft  alfo,  according 
to  the  theory,  be  compofed  of  fimilar  cubic  particles. 

To  make  this  appear,  let  us  fuppofe  that  ABFG  (fig. 

14. )  is  a cube  compofed  of  729  fmall  cubes  : Each  of 
its  fides  will  confift  of  81  fquares,  being  the  external 
fides  of  as  many  cubic  particles,  which  together  con- 
ftitute  the  cube.  Upon  ABCD,  one  of  the  fides  of 
this  cube,  let  us  apply  a fquare  lamina,  compofed  of 

, -ibes  equal  to  thofe  of  which  the  primitive  cryftal  con- 
fi.is,  but  which  has  on  each  fide  a row  of  cubes  lefs 
than  the  outermoft  layer  of  the  primitive  cube.  It  will 
of  courfe  be  compofed  of  49  cubes,  7 cn  each  fide;  fo 
that  Its  low'er  bafe  0 n f g (fig.  15.)  will  fall  exadlly  on 
the  fquare  marked  with  the  fame  letters  in  fig.  14. 

Above  this  lamina  let  us  apply  a fecond I mpu  (fig. 

1 60, 


(c)  The  explanation  of  Bergman  is  not  very  different.  See  his  Opufc,  vol.  ii,  diff<  i. 
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Cryftalli-  i6.),  compofed  of  25  cubes  ; it  will  be  fituated  exaflly 
zation.  above  the  fquare  marked  with  the  fame  letters  (fig. 
14).  Upon  this  fecond  let  us  apply  a third  lamina 
vxy  2;  (fig.  17.)  confiding  only  of  9 cubes:  fo  that 
its  bafe  (hall  relt  upon  the  letters  v x y % (fig.  14.). 
Laftly,  on  the  middle  fquare  r let  us  place  the  fmall 
cube  r (fig.  18.)  which  will  reprefent  the  lafllamina. 

It  is  evident,  that  by  this  procefs  a quadrangular  py- 
ramid has  been  formed  upon  the  face  ABCD  (fig.  I4.)> 
the  bafe  of  which  is  this  face,  and  the  vertex  the  cube 
^(fig.  18.).  By  continuing  the  fame  operation  on  the 
other  five  (ides  of  the  cube,  as  many  fimilar  pyramids  will 
be  formed;  which  will  envelope  the  cube  on  every  fide. 

It  is  evident,  however,  that  the  fides  of  thefe  pyra- 
mids will  not  form  continued  planes,  but  that,  owing  to 
the  gradual  diminution  of  the  laminse  of  the  cubes  w'hich 
compofe  them,  thefe  fidcs  will  refemble  the  fteps  of  a 
flair.  We  can  fuppofe,  however  (what  muft  certainly 
be  the  cafe),  that  the  cubes  of  which  the  nucleus  is 
formed  are  exceedingly  fmall,  almoft  imperceptible  ; 
that  therefore  a vaft  number  of  laminse  are  required  to 
form  the  pyramids,  and  confequently  that  the  channels 
which  they  form  are  imperceptible.  Now  DCBE  (fig. 
19.)  being  the  pyramid  refting  upon  the  face  ABCD 
(fig.  14  ),  and  CBOG  (fig.  19.)  the  pyramid  applied 
to  the  next  face  BCGH  (fig.  14.)  if  we  confider  that 
every  thing  is  uniform  from  E to  O (fig.  19.)  in  the 
manner  in  which  the  edges  of  the  lamina  of  fuperpofition 
(as  the  Abbe  Hauy  calls  the  laminae  which  compofe  the 
pyramids)  mutually  projedl  beyond  each  other,  it  will 
readily  be  conceived,  that  the  face  CEB  of  the  firfl 
pyramid  ought  to  be  exadtly  in  the  fame  plane  with  the 
face  COB  of  the  adjacent  pyramid  ; and  that  therefore 
the  two  faces  together  will  form  one  rhomb  ECOB. 
But  all  the  fides  of  the  fix  pyramids  amount  to  24  tri- 
angles fimilar  to  CEB  ; confequently  they  will  form  1 2 
rhombs,  and  the  figure  of  the  whole  cryftal  will  be  a do- 
decahedron, fimilar  to  that  rcprefented  in  fig.  12  and  13. 

If  the  decreafe  of  the  laminae  of  fuperpofition  took 
place  according  to  a more  rapid  law,  if  each  lamina 
had  on  its  circumference,  two,  three  or  four  rows  of 
cubes  lefs  than  the  inferior  lamina — in  that  cafe,  the 
pyramids  produced  being  lower,  their  adjacent  faces 
would  no  longer  form  one  plane  ; and  therefore  the  fur- 
face  of  the  fecondary  cryftal  would  confitt  of  24  ifo- 
fceles  triangles,  all  inclined  towards  each  other. 

In  this  manner  Mr  Hauy  has  fliewn,  that  a variety 
of  fecondary  cryftals  are  formed,  and  that  their  forms 
vary  by  means  of  flight  variations  in  the  ratio  of  the 
decrement.  Dodecahedral  fulphuret  of  iron,  for  inftance, 
is  formed  from  a cubic  nucleus,  by  the  addition  of  la- 
minae, decreafing,  as  in  the  example  given  above,  with 
this  difference,  that  from  every  lamina  laid  upon  the 
face  ABCD  (fig.  14.)  only  one  row  of  cubes  are  fub- 
tradtcd  at  the  fides  AD  and  BC  refpedlively ; whereas 
two  rows  arc  fubtracled  at  each  of  the  fides  AB  and 
CD.  The  confequence  of  this  more  rapid  decrement 
on  two  parallel  fides  than  on  the  other  two  will  be, 
that  the  pyramid  raifed  on  the  face  ABCD  (fig.  14), 
initead  of  terminating  in  a Angle  cube  as  in  the  example 
given  above,  will  terminate  in  a range  of  cubes  ; or 
(fuppofing  the  cubes  infinitely  fmall)  inftead  of  termi- 
nating in  a point,  it  will  terminate  in  a ridge.  The 
pyramid  will  therefore  have  for  its  two  fides,  contigu- 
ous to  AB  and  DC,  two  trapeziums,  and  for  its  fides, 
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contiguous  to  AD  and  BC,  two  triangles.  Let  us  Cryft 
fuppofe  alfo,  that  with  regard  to  the  laminae  of  fuper-  zatit 
polition  which  arife  on  the  face  BCGH  (fig.  14),  the 
decrements  follow  the  fame  law,  and  that  each  lamina 
decreafes  by  two  rows  of  cubes  towards  the  lines  BC 
and  EIG,  and  only  by  one  row  towards  the  lines  CG, 

BH  : The  pyramid,  in  that  cafe,  will  be  placed  in  a 
diredtion  oppofite  to  the  pyramid  on  ABCD,  the  ridge 
at  the  vertex  of  it  running  parallel  to  BC : the  vertex 
of  the  pyramid  raifed  upon  CDFG  muft.  be  parallel  to 
CG  : the  pyramids  on  the  three  other  fides  of  the  cube 
ought  to  ftand  each  like  that  which  arifes  on  the  op- 
pofite face. 

The  fides  of  all  the  fix  pyramids  thus  formed  amount 
to  twelve  trapeziums  and  twelve  triangles.  Every  tri- 
angle  is  evidently  contiguous  and  in  the  fame  plane 
with  a trapezium  of  the  neareft  pyramid  ; conlequently 
the  fecondary  cryftal  thus  formed  confifts  of  twelve 
fides,  each  of  which  is  a pentagon. 

Several  other  examples  have  been  given  by  Mr  Hauy; 
but  thefe  are  fufficient  to  fhew'  in  what  manner  the  va- 
rious fecondary  forms  of  cryftals  are  conftrudted,  ac- 
cording to  the  theory  of  that  ingenious  philofopher. 

In  his  refearches  on  this  fubjedt,  Mr  Hauy  percei- 
ved, that  fome  cryftals  affumed  fecondary  forms  which 
could  not  be  accounted  for  by  any  decrement  whatever 
along  the  edges.  Thus,  for  inftance,  fome  bodies,  the 
primary  form  of  which  is  cubic,  are  fometimes  found 
cryftallized  in  regular  odtagons.  Mr  Hauy  explains 
the  formation  of  thefe  fecondary  cryftals,  by  fuppofing 
that  the  decrement  took  place  parallel,  not  to  the  edges, 
but  to  the  diagonals  of  the  faces  of  the  primary  cubes. 

In  order  to  comprehend  this,  let  us  fuppofe  ABCD 
(fig.  20.)  to  be  the  furface  of  a lamina  compofed  of 
fmall  cubes,  the  bsfes  of  which  are  reprefented  by  the 
little  fquares  in  the  figure.  It  is  evident,  that  the  cubes 
Uy  by  Cy  dy  tyfy  gy  ky  ty  utc  io  thc  dircdliou  of  the  diago- 
nal of  the  fquare  ABCD  ; that  the  row  of  cubes  qy  Vy 
y>  *> 's  parallel  to  the  diagonal ; as  alfo  the  row 
K,  ty  ly  my  p,  Oy  Ty  s aod  thut  the  whole  figure  might 
be  divided  into  rows  of  fquares,  each  of  which  would 
be  parallel  either  to  the  diagonal  AC  or  DB. 

Now  we  may  conceive  that  the  lamince  of  fuperpo- 
fition, inftead  of  decreafing  by  rows  of  cubes  parallel  to 
the  edges  AB,  AD,  decreafe  by  rows  parallel  to  the 
diagonals. 

Let  it  be  propofed  to  conftruft  around  the  cube  AB 
GF  (fig.  21.),  confidered  as  a nucleus,  a fecondary  fo- 
lid,  in  which  the  laminae  of  fuperpofition  fhall  decreafe 
on  all  fides  by  Angle  rows  of  cubes,  but  in  a diredtion 
parallel  to  the  diagonals.  Let  ABCD  (fig.  22.),  the 
fuperior  bafe  of  the  nucleus,  be  divided  into  81  fquares, 
reprefenting  the  faces  of  the  fmall  cubes  of  which  it  is 
compofed.  Figure  23.  reprefents  the  fuperior  furface 
of  the  firft  laminae  of  fuperpofition ; which  muft  be 
placed  above  ABCD  (fig.  22.),  in  fuch  a manner  that 
the  points  h' y c',  d',  (fig.  23.)  anfwer  to  the  points 

a, by  Cy  dy  (fig.  22.).  Bj  tfiis  difpofition  the  fquares 
A a,  B b,  C Cy  D d (fig.  22.)  which  compofe  the  four 
outermoft  rows  of  fquares  parallel  to  the  diagonals  AC, 

BD,  remain  uncovered.  It  is  evident  alfo,  that  the 
borders  QV,  ON,  IL,  GF  (fig.  23.),  projedl  by  one 
range  beyond  the  borders  AB,  AD,  CD,  BC  (fig. 

22.),  which  is  neceffary,  that  the  nucleus  may  be  enve- 
loped towards  thefe  edges  : For  if  this  were  not  the 
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We  ha-ve  now  finifliedthe  three  firft  parts  of  this  ar- 
ticle, which  comprehend  all  the  elementary  part  of  che- 
miftry.  We  ought  now  to  proceed  to  the  fourth  part, 
which  was  to  confift  of  a chemical  examination  of  fub- 
ftances  as  they  exift  in  nature  in  the  mineral,  vegetable, 
and  animal  kingdoms  ; but  this,  for  various  reafons  we 
fhall  defer  till  we  come  to  the  words  Mineralogy, 
and  Animal  and  Vegetable  Substances. 

We  lliall  finifh  this  article  with  a few  remarks  upon 
the;:hemical  nomenclature,  which  for  fome  time  pad 
has  been  an  objed  of  ferious  attention. 

Chemiftry  was  unfortunately  firft  cultivated  by  a fet 


not  well 


1.  Every  fubllance  ought  to  have  a name,  and  not  to  Conclafion- 
be  denoted  by  a phrafe. 

2.  Names  ought  to  be  as  much  as  poffible  conform- 
able to  the  nature  of  the  things  fignified  by  them. 

3.  When  the  charader  of  a lubflance  is 
enough  known  to  determine  the  denomination,  a name 
which  has  no  meaning  is  preferable  to  one  which  con» 
veys  a falfe  idea. 

4.  In  the  choice  of  new  words,  thofe  ought  to  be  pre- 
ferred which  have  the-ir  roots  in  the  dead  languages 
moft  generatly  known,  that  the  word  may  be  eafily  fug- 
getted  by  the  fenfe,  and  the  fenfe  by  the  word. 

5.  The  new  words  ought  to  be  as  faitable  as  pofflble 


mlie  che-  of  ignorant  men,  filled  with  the  higheft  notions  of  their 
■a^lno- 

own  importance,  and  buoyed  up  with  the  mighty  feats  to  the  genius  of  the  languages  for  which  they  are  formed. 
a(.  aturc  {.jjgy.  -^gre  to  perform  by  their  art.  The  little 

I which  they  did  know  they  were  anxious  to  conceal ; and 
; their  anxiety  was  no  lefs  to  infpire  the  world  with  high 
ideas  of  their  knowledge  and  power.  The  confequence 
of  this  was,  that  they  loaded  chemiflry  with  the  moft  ri- 
; : dicutous  and  whimfical  names  that  can  well  be  conceived. 

I^iver  of  fulphur,  mercury  of  lifey  horned  moon,  butter  of 
antimony,  the  double  fecret,  the  corraline  fecret,  the  fecret 


This  nomenclature  was  approvedof  by  Macquer,  and 
by  Bergman,  who  had  himfelf  propofed  one  upon  a plan 
not  very  different  (d).  He  wrote  to  Morveau,  and  ex- 
horted him  to  profecute  his  undertaking  with  courage. 

“ Do  not  fpare  (fays  he)  a fingle  improper  denomina- 
tion ; thofe  that  are  already  learned  will  be  always  fo, 
and  thofe  that  are  not  will  learn  the  fooner*.”  EncyJ. 

This  nomenclature  was  adopted  by  feveral  chemifts,  Method. 


of  ’Vitriol,  the  nnonflerful  fait,  the  fecret  fait,  the  fait  ’with  and  it  was  ufed  in  the  greateft  part  of  the  firft  volume  Pre- 


many  virtues,  the  fait  of  two  ingredients , the  foliated  earth 
of  tartar,  were  the  names  by  which  they  diftinguiftied 
fome  of  the  moft  familiar  preparations  ; and,  were  it 
worth  while,  a great  many  more  names  of  the  fame 
ftamp  might  eafily  be  added. 

As  foon  as  chemiftry  had  attrafled  the  attention  of 
men  of  fcience,  the  abfurdity  of  its  nomenclature  was 
felt,  and  feveral  partial  improvements  were  at  different 
times  made  in  it.  Macquer,  in  particular,  difcarded 
many  of  the  ancient  names,  and  fubftituted  others  lefs 
exceptionable  in  their  place. 

But  foon  after  the  publication  of  the  firft  edition  of 
his  Di(ftionary,  an  evil  began  to  be  felt  feverely,  which 
never  could  have  occurred  to  the  earlier  chemifts.  Hi- 
therto the  number  of  objedls  which  had  engaged  the 
attention  of  thofe  who  cultivated  the  fcience  had  been 
very  limited  ; the  acids  amounted  only  to  five  ; the 
earths  to  four,  the  metals  to  12  or  14,  and  the  neutral 
falts  fcarcely  exceeded  20  or  30.  To  remember  names 
for  fo  fmall  a number  of  bodies,  however  ridiculous  they 
happened  to  be,  was  no  very  difficult  matter.  But  about 
that  time,  in  confequence  chiefly  of  the  difcovery  of 
fixed  air  by  Dr  Black,  which  laid  the  foundation  of 
pneumatic  chemiftry,  the  fcience  began  to  extend  itfelf, 
and  to  enlarge  its  boundaries  with  inconceivable  rapi- 
dity. The  number  of  bodies  connected  with  it,  and 
w'hich  it  had  to  defcribe,  foon  became  immenfe  ; and  if 
every  one  of  them  received  names  not  dependant  upon 
one  another,  the  moft  retentive  memory  could  not  have 
remembered  the  thoufandth  part  of  them. 

The  difficulty  of  ftudying  chemiftry  from  that  time 
till  the  year  1782  muft  have  been  very  great  : it  was 
even  perceived  and  complained  of  by  the  mafters  of  the 
fcience.  In  1782  Mr  de  Morveau,  whohad  undertaken 
the  chemical  part  of  the  Encyclopedie  Methodique,  pub- 
lilhed  in  the  fournal  de  Phyfque  a new  chemical  no- 
menclature, and  at  the  fame  time  invited  all  thofe  per- 


of  the  chemical  part  of  the  Encyclopedie  Methodique  ; 
but  the  new  difcoveries  in  chemiftry  had  produced  a 
more  accurate  method  of  reafoning,  and  had  enabled 
Lavoifier  to  explain  the  phenomena  of  the  fcience 
without  the  affiftance  of  the  hypothetical  principle  of 
phlogifton,  which  had  hitherto  been  neceffary.  As  the 
language,  even  in  its  improved  ftate,was  accommodated 
to  this  principle,  and  prefuppofed  its  exiftence,  new 
changes  became  evidently  neceffary,  in  order  that,  ac- 
cording to  Morveau’s  rule,  the  words  might  denote  the 
moft  effential  properties  of  the  things  intended  to  be 
fignified.  Accordingly,  when  Morveau  was  in  Paris  in 
1787,  Lavoifier,  Berthollet,  and  Fourcroy,  agreed  to 
labour  in  concert  with  him  to  bring  the  chemical  no- 
menclature -ftill  nearer  to  perfedlion.  Thefe  philofo- 
phers,  affifted  hy  the  mathematicians  of  the  Royal  Aca- 
demy and  by  feveral  chemifts,  formed  a new  nomencla- 
ture, which  they  made  public  in  1787. 

For  fome  time  little  attention  was  paid  to  this  no- 
menclature by  foreign  chemifts,  and  it  fbemed  generally 
to  be  difapproved.  The  adherents  of  the  phlogiftic 
fyftem  in  France,  who  were  exceedingly  numerous, 
viewed  it  as  an  engine  artfully  formed  to  undermine  and 
deftroy  their  favourite' theory.  They  refolved,  there- 
fore, unanimoufly,  to  crnfh,  if  poffible,  this  new  inftru- 
ment,  which  they  confidered  as 

in  nofros  fabric  at  a machina  mures. 


Infpedura  domos,  venturaque  defuper  urbi. 

And  for  this  purpofe  they  exerted  themfelves  with  a vi- 
gour, which  was  only  equalled  by  the  zeal  and  indefati- 
gable exertions  of  their  antagonifts.  A kind  of  civil 
war  was  thus  kindled  in  the  republic  of  letters,  which 
was  carried  on  with  great  animofity  : And  pofterity 
will  fee,  with  regret,  men  of  undoubted  genius  at  times 
divefting  themfelves  of  the  armour  of  truth  and  of  can- 
dour, and  endeavouring  to  ferve  their  party,  and  ftab 
fens  who  were  fond  of  chemiftry,  and  interefted  in  its  their  adverfaries  with  darts  fteeped  in  the  poifon  of  ca- 
progrefs,  to  propofe  objedlions  and  improvements.  lumny  and  falfehood*.  This  conteft,  however,  which  * Sec  the 

This  new  nomenclature  was  formed  agreeably  to  the  w’as  not  confined  to  France,  was  produffive  of  good  ti-  °Jour.  de 

feits,  which  infinitely  furpaffed  all  the  bad  ones.  It  ^hf 

3 M 2 occa- 



fm. 


five  following  rules : 


(d)  See  his  thoughts  on  a natural  hiftory  of  foffils  in  the  4th  vol.  of  his  Opufe. 
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*1’  Conjtdera^ 
iions  on  the 
do6irine  of 
fhlogijlon. 

Introduc- 

tion. 


oceafioned  an  accnmulal-ion  of  fafts,  produced  arigid ex- 
amination of  the  theories  and  opinions,  introduced  an  ac- 
curacy into  chemical  experiments  which  has  been  of  the 
irioft  effential  fervice,  and  gave  that  tone  and  vigour  to 
the  cultivators  of  chemiftry  which  have  brought  to  light 
the  moft  fublime  and  unlooked  for  truths.  Itdeferves 
attention,  and  the  fadt  is  no  inconfiderable  evidence  in 
favour  of  the  antiphlcgiftic  theory,  that  almoft  all  the 
illuflrious  chemifts  who  at  prefent  adhere  to  it  declared 
originally  againit  it.  Berth. diet,  Morveau,  Black,  Kir- 
wan,  and  many  other  chemifts,  who  are  now  its  ableft 
defenders,  were  at  firft  its  mod  powerful  opponents-. 
“This  fyftem  had  hardly  been  publiHied  in  France 
(fays  Dr  Prieftley,  who  ftill  continues  to  adhere  to  the 
doflrine  ofphlogifton)  before  the  principal  philofophers 
and  chemifts  of  England,  notwithftanding  the  rivallhip 


I s T R Y.  Parti 

ded  to  the  acquifition  of  chemiftry,  muft  be  acknow-  Condi: 


^^hich  has  long  lubfifted  between  the  two  countries,  ea- 


gerly adopted  it.  Dr  Black,  in  Edinburgh,  and  as  far 
as  I hear,  all  the  Scots,  have  declared  themfelves  con- 
verts, and,  what  is  more,  the  fame  has  been  done  by  Mr 
Kirvvan,  who  wrote  a pretty  large  treatife  in  oppofition 
to  it.  The  Englifti  reviewers  of  books,  I perceive,  uni- 
verfally  favour  the  new  dodfrine.  In  America,  alfo,  I 
hear  of  nothing  elfe.  It  is  taught,  I believe,  in  all  the 
fchools  on  this  continent,  and  the  old  fyftem  is  entirely 
exploded.  And  now  that  Dr  Crawford  is  dead,  I 
hardly  know  of  any  perfon  except  my  friends  of  the 
Lunar  Society  at  Birmingham,  who  adhere  to  the  doc- 
trine of  phlogifton  ; and  what  may  now  be  the  cafe 
with  them  in  this  age  of  revolutions,  philofophical  as 
well  as  civil,  I will  not  at  this  diftance  anfwer  for. 

“ It  is  no  doubt  time,  and  of  courfe  opportunity  of 
examination  and  difcuffion,  that  gives  ftability  to  any 
principles.  But  this  new  theory  has  not  only  kept  its 
ground,  but  has  been  conftantly  and  uniformly  advan- 
cing in  reputation  more  than  ten  years,  which,  as  the  at- 
tention of  fo  many  perfons,  the  beft  judges  of  every 
thing  relating  to  the  fubjedl,  has  been  unremittingly 
given  to  it,  is  no  inconfiderable  period.  Every  year  of 
the  laft  twenty  or  thirty  has  been  of  more  importance 
to  fcience,  and  efpecially  to  chemiftry,  than  any  ten  in 
the  preceding  centuryf .” 

We  have  endeavoured  in  the  preceding  article  to  ftate 
the  different  theories  which  have  fucceffively  made  their 
appearance  in  chemiftry  with  as  much  fairnefs  as  poflible. 
If  w’e  have  fucceeded,  the  reader  w’ill  be  enabled  to 
judge  for  himfelf  which  of  thefe  theories  is  the  moft  con- 
fiftent  with  truth  ; or  rather,  if  we  have  fucceeded,  he 
will  join  with  us  in  thinking  that  the  theory  of  Lavoi- 
fier  is  in  moft  points  an  accurate  account  of  what  takes 
place  in  nature. 

This  we  confider  as  a fufficient  reafon  for  having 
adopted  the  new  nomenclature  ; Tor  as  Morveau  long 
ago  obferved,  moft  of  the  obje6>-ions  that  were  made 
to  it  were  rather  levelled  at  the  docS'rine  of  thofe  who 
formed  it,  than  at  the  nomenclature  itfelf.  Its  fuperi- 
ority  to  every  other  nomenclature  cannot  be  difputed 
for  an  inftant ; and  the  vaft  facility  which  it  has  ad- 


ledged  by  every  one  who  knows  any  thing  about  the 
fcience.  The  table  of  the  new  nomenclature  will  not 
be  expedfed  here,  as  it  has  been  already  given  in  the 
Appendix  to  the  article  Chemistry  in  the  Encyclo- 
pxdia.  At  any  rate,  it  would  have  been  unneceflliry, 
as  we  have  ufed  the  new  names  all  along  ; and  therefore 
our  readers  muft  by  this  time  be  well  acquainted  with 
them. 

Upon  the  almoft  infinite  number  of  criticifms  which 
have  been  made  on  the  new  nomenclature,  and  the  ma- 
ny new  terms  which  finceits  publication  have  been  fuc- 
ceffively propofed,  we  do  not  mean  to  enter.  Few  of 
thefe  terms  can  bear  a comparifon  with  the  French  no- 
menclature,  and  ftill  fewer  have  any  claim  to  be  pre- 
ferred to  it  ; and  the  philofophers  who  perfift  in  thefe 
ufelefs  innovations,  are  more  probably  aftuated  by  the 
defire  of  appearing  to  have  a fhare  in  the  great  revolu- 
tion which  chemiftry  has  undergone,  than  by  any  hopes 
of  being  able  to  improve  the  accuracy  or  the  elegance 
of  its  language.  How  few  have  difplayed  the  magna- 
nimity of  an  illuflrious  philofopher  of  our  own  country, 
who,  though  he  had  invented  a new  nomenclature  him- 
felf, exhorted  his  pupils  not  to  ufe  it,  but  to  adopt  that 
of  the  French  chemifts,  which  was  likely  foon  to  come 
into  univerfal  ufe. 

Even  the  etymologicalremarks  vffiich  have  been  made 
on  the  new  nomenclature,  we  confider  as  either  of  little 
confequence  or  as  ill-founded.  The  philofophers  who 
formed  it  have  difplayed  a fagacity  and  a moderation 
which  could  not  be  excelled,  and  have,  upon  the  whole, 
formed  a language  much  more  fyftematic,  and  much 
more  perfedt,  than  could  have  been  expedted  ; and  who- 
ever compares  it  with  the  nomenclature  propofed  in 
1782  by  Morveau,  will  fee  how  great  a fhare  of  it  is 
due  to  that  illuftrious  and  candid  philofopher. 

Notwithftanding  what  we  have  here  faid,  we  would 
not  be  underftood  to  confider  the  new  nomenclature  as 
already  arrived  at  a ftate  of  fuch  abfolute  perfedlion,  that 
no  alteration  whatever  can  be  made  in  it  except  for  the 
worfe.  Such  perfedlion  belongs  not  to  the  works  of 
man  ; nor  if  it  did,  could  it  be  expedled  in  this  cafe,  if 
we  confider  for  a moment  the  prefent  ftate  of  chemiftry. 
New  difcoveries  muft  occafion  additions  and  alterations 
in  the  nomenclature  ; but  the  authors  of  the  new  nomen- 
clature have  given  us  the  rules  by  which  changes  and 
additions  are  to  be  made  ; and  if  they  are  adhered  to, 
we  may  expedt  with  confidence  that  the  language  of 
chemiftry  will  in  its  advancement  to  perfedlion  keep 
pace  with  the  fcience.  We  have  in  the  preceding  ar- 
ticle ventured  in  an  inftaiice  or  two  to  adopt  little  im- 
provements that  have  been  fuggefted  by  later  writers. 
We  have  taken  the  liberty,  too,  of  choofing,  from  the 
variety  which  the  Britifh  chemifts  have  propofed,  that 
mode  of  fpelling  each  of  the  terms  which  appeared  to 
us  moft  agreeable  to  the  Englifti  idiom,  and  moft  con- 
formable to  analogy  : Whether  or  not  we  have  made  a 
proper  choice  muft  be  left  for  others  to  determine. 


Erratum  in  the  article  Chemijlry. 

In  page  305.  dele  the  whole  account  of  Adamanta,  the  exiftence  of  which  as  a peculiar  earth  has  been  de- 
ftroyed  by  the  fubfequent  experiment  of  Klaproth.  It  may  be  proper  to  mention,  that  in  that  fedlion,  n®  239. 
line  2.  infufihh  ought  to  be  fufthle, 
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A 

,ACETJTS,n°  802. 

Jcetites,  466. 

4cetic  acid,  Part  II.  chap,  y, 
feft.  12, 

4cetous  acid,  Part  II.  chap.  v. 
feci. 1 1. 

\icld  principle,  390. 

\icid,  real,  in  fulphuric  acid, 

' - • 400. 

I in  nitric  acid,  412. 
\icid  foaps,  part  III.  chap.  i. 

fedt.  2. 

icids.  Part  II.  chap.  v. 

Mds,  animal,  551. 
metallic,  561. 

II  vegetable,  528. 
icidum  pingue,  376. 
idamantwe  ('p'AVf  238. 

explained,  568. 
experiments  on,  575. 
Serial  3ic\d,  459* 

Es,  meaning  of  the  word,  p. 
287,  note. 

ijiuiiy  explained,  n°  13,  and 
Part  II.  chap.  vi. 

4ffintiy,  compound,  582. 
difpofing,  583. 
fimple,  581. 

dir,  a non-condudtor  of  calo- 
ric, 262. 
artificial,  459. 
dlcohol,  Part  II.  ch.  li. 
analyfis  of,  355. 
fubftances  foluble  in, 
360. 

AMies,  Part  II.  ch.  iv. 

Alkali,  vegetable  vitriolatum, 
626,  note. 

Alkaline  foaps,  Part  III.  ch.  i. 
' fedl.  1. 

Alloy  explained,  77  note. 

Alum,  n®  638. 

fpirii  of,  639  note. 
Ahmen,  n®  638. 

Alumina,  Part  I.  ch.  iv.  fedl.  6. 
acetite  of,  786. 
benzoat  of,  823. 
boratof,  751. 
IJ^camphorat  of,  831. 
carbonat  of,  777. 
eitrat  of,  816. 
fluat  of,  767. 
ladtat  of,  819. 
muriat  of,  707. 
nitrat  of,  678. 
oxalat  of,  807. 
phofphat  of,  737. 
laccholat  of,  820. 


Alumina,  febat  of,  n°  849. 
foap  of,  596. 
fuberat  of,  838. 
fulphat  of,  629. 
fulphite  of,  667. 
tartrite  of,  813. 

Amalgam,  what,  93. 

Amber,  504* 

Ammonia, ^2LXX.ll.  ch.  lv./e(5l.3. 
acetite  of,  781. 
aurat  of,  851. 
benzoat  of,  822. 
borat  of,  747. 
camphorat  of,  827. 
carbonat  of,  772. 
eitrat  of,  815. 
cuprat  of,  854. 
fluat  of,  763. 
ladlat  of,  8 1 9. 
malat  of,  818. 
mercuriat  of,  853. 
muriat  of,  700. 
nitrat  of,  672. 

. oxalat  of,  806. 
phofphat  of,  732. 
pruffiat  of,  839. 
faccholat  of,  820. 
febat  of,  848. 
foap  of,  593. 
fuberat  of,  834. 
fulphat  of,  629. 
fulphite  of,  663. 
tartrite  of,  812. 
zincat  of,  857. 

Animal  zc\ds,  551. 

yfK/mo»j,PartJ..ch.iii.fedl.io. 
acetite  of,  796. 
benzoat  of,  824. 
muriat  of,  718. 
nitrat  of,  689. 
oxalat  of,  808. 
febat  of,  850. 
fulphat  of,  652. 
tartrite  of,  814. 

Antiphlogijlic  theory,  p.  326. 
note. 

Ants,  acid  of.  Part  II.  ch.  v. 
fedl.  29. 

Apulum,  n®  242. 

Aquafortis,  409. 

Aqua  regia,  p.  272.  note. 

Arcanum  duplicatum,  n®  626. 
tartari,  779. 

Arfeniats,  554,  and  Part  III. 
ch.  ii.  feci.  26. 

Arftnic,  Part  I.  ch.  iii.  fedl.  12. 
acetite  of,  797. 
benzoat  of,  824. 
borat  of,  760. 


Arfenic,  fluat  of,  n®  769, 
muriat  of,  719. 
nitrat  of,  690. 
oxalat  of,  808. 
phofphat  of,  742. 
febat  of,  850. 
fulphat  of,  653. 
tartrite  of,  814. 
acid,  552. 

Almofpheric  air,  compofitionof, 

53* 

Aurum  mufivum,  i 20. 

Aujlrum,  242. 

A'x^ot,  Part  I.  ch.  li.  fedl.  5. 

how  combined  with  oxy- 
gen, 423. 

B 

Balfam  of  fulphur,  372. 

Bcilm  of  Peru,  foap  of,  61 1. 

Barytes,  Part  I.  ch.  iv.  fedt.  3. 
acetite  of,  782. 
borat  of,  747, 
camphorat  of,  828. 
carbonat  of,  773. 
eitrat  of,  816. 
fluat  of,  764. 
ladlat  of,  819. 
malat  of,  818. 
muriat  of,  701. 
nitrat  of,  673. 
oxalat  of,  807. 
oxymuriat  of,  726. 
phofphat  of,  733. 
pruffiat  of,  840. 
faccholat  of,  820. 
foap  of,  397. 
fuberat  of,  835. 
fulphat  of,  630. 
fulphite  of,  664. 

Barytic  water,  2 1 1 . 

BeerfVihtn  firft  known,  351. 

Bell  metal,  122. 

Ben%oats,  503,  and  Part  III. 
ch.  II.  fedl.  19. 

Benzoic  acid.  Part  II.  ch.  v. 
fedl.  20. 

Benzoin,  501. 

foap  of,  610. 

Bergman,  charadler  of,  1 14. 

BiJmuih,YtixX.  I.  ch.  iii.  fedl.  n. 
acetite  of,  795. 
benzoat  of,  824. 
borat  of,  759. 
muriat  of,  717. 
nitrat  of,  688. 
oxalat  of,  8c8. 
fulphat  of,  65 1 . 
tartrite  of,  814. 


Black,T)r,  difcoverslatentheat, 
270. 

difcoversthecompo- 
fition  of  the  carbo- 
nats,  202,  375. 

Black  bodies  foonell  heated  by 
light,  327. 
lead,  109. 

Blende,  p.  295,  note. 

Blue,  liquid,  n®  515. 

Boiling  point  of  water,  experi- 
ments on,  339,  340. 
Bologna,  ftone,  631. 

Boinbyc  acid,  548. 

Boracic  acid,  Part  II.  ch.  v, 
fedl.  8. 

Borats,  449,  and  part  III. 

ch.  ii.  fedl.  8. 

Borax,  443,  746. 

Borhonium,  242. 

Brafs,  140, 

Brittlenefs,  to  what  owing,  305. 
Bronze,  122. 

Brunfwick  green,  814. 

C. 

Cadmea,  134. 

Calcareous  acid,  459. 
Calchanturn,  643. 

Calcination,  61. 

Calomel,  720,  727. 

Caloric,  Part  I.  ch.  v. 

whether  a fubftance, 

243 » 3H* 

equilibrium  of,  248. 
of  fluidity,  271. 
of  evaporation,  272. 
methods  of  obtaining, 
294. 

whether  the  fame  with 
light,  330. 
Calorimeter,  267. 

Calx,  61, 

Camphor,  508. 

Camphorats,  512,  andPart  III. 
ch.  ii,  fedl.  21. 

Camphoric  acid.  Part  II.  ch.  v. 
fedl,  22. 

Canton's  pvrophorus,  323. 
Capacity  for  caloric  explained, 
264. 

Carbon,  Part  I.  ch.  ii.  fedl.  3, 
attempts  todecompole, 
44* 

Carbonate,  463,  and  Part  ill. 
ch.  ii.  feft.  10. 

Carbonated  hydrogen  gas,  42, 
and  Part  III.  ch.  iii. 
Carbonated  azotic  gas,  50. 

Carhonls 


jJiDEX. 

ilmfter,  and  La  Place,  expen- 
!jl  ^lents  of  on  fpecific  caloric, 

iir  2^7- 

Part  I.  ch.  iii.  fe^l.  8. 

;'r  , acetite  of,  792. 
benzoat  of,  824. 

. borat  of,  756. 

I,)  fluatof,  769. 
nouriat  of,  714. 
nitrat  of,  685. 
oxalat  of,  808. 
febat  of,  850. 
foap  of,  605. 
fulphat  of,  649. 
lions,  effential  lalt  of,  804. 
^ht,  Part  I.  ch.  vi. 
l\Ln£ous  acid,  525,  note. 

[iljiff,  Part  I.  ch.  iv.  fe(5i.  i. 

j;  acetite  of,  783. 

;;'J  I benzoat  of,  823. 
i.i  j i borat  of,  748.  . 
j:  camphorat  of,  829. 

j i citrat  of,  8 1 6. 

-I;  fluat  of,  765. 

.i  laflatof,  819. 

'i ; malat  of,  818. 

’{I  mercuriat  of,  853. 

I muriat  of,  703. 

■ir  i nitrat  of,  674. 
i;  oxalat  of,  807. 

';'i  ^ oxy-muriat  of,  726. 
i . phofphat  of,  734. 

ii  plumbat  of,  856. 
pruffiat  of,  840. 

! faccholat  of,  820. 

[ febat  of,  849. 

I foap  of,  594. 

! fuberat  of,  836. 
fulphat  of,  632. 
fulphite  of,  665. 
tartrite  of,  813. 
L'g-waier,  197* 
lu:dh\n«,  515. 

Ivor  filicum,  217,  379. 
le,  what,  7. 

M. 

Acguer’s  opinion  about  phlo- 
;ifton,  298. 

li'gnejia,  Part  I.  eh.  iv.  fedt Ji. 
acetite  of,  785. 
benzoat  of,  823. 
borat  of,  750. 
camphorat  of,  830. 
citrat  of,  816. 
fluat  of,  7 66. 
ladlat  of,  819. 
malat  of,  818. 
nruriat  of,  705. 
nitrat  of,  676. 
oxalat  of,  807. 
oxy-muriat  of,  726. 
phofphat  of,  736. 
pruffiat  of,  840. 
faccholat  of,  820. 
febat  of,  849. 


C H E M 

Magnefiuy  foap  of,  n®  595. 
fuberat  of,  837. 
fulphat  of,  635. 
fulphite  of,  666. 
tartrite  of,  813. 

Malats,  485,  and  part  III.  ch. 
ii,  i'eol.  15. 

Malic  acid,  482. 

Malleabdity,  59. 

Manganefe,  Part  I.  ch.  iii.  fed!:. 

15* 

benzoat  of,  824. 
fluat  of,  769. 
muriat  of,  711. 
nitrat  of,  682. 
oxalat  of,  808. 
phofphat  of,  740. 
foap  of,  608. 
fulphat  of,  646. 

Marcajite  of  gold,  134. 

Marks  given  to  metals  by  the 
ancients,  130. 

Marine  acid,  424. 

Majficot,  125. 

Menachanite,  1 88. 

Mephitic  acid,  459* 

Mercury,  Part  1.  ch.  iii.  fe<8:.  4. 

a noncondudlor  of  ca- 
loric. 261. 
acetite  of,  798. 
benzoat  of,  824. 
citrat  of,  817. 
fluat  of,  769. 
hydrogenous  fulphu- 
ret  of,  861. 
muriat  of,  720. 
nitrat  of,  691. 
oxalat  of,  808. 
oxy-muriat  of,  727. 
pruffiat  of,  847. 
febat  of,  850. 
foap  of^  598. 
tartrite  of,  814. 
white  fulphat  of,  654. 
yellowfulphatcf,  655. 

Metallic  acids,  561. 

Metals,  Part  I.  ch.  iii. 

expanfion  of,  244. 
conducing  power  of, 
256. 

Miafmata,\\QVj  deftroyed,  428. 

Microcofmic  fait,  732. 

Mineral  cxy^z\,  669. 

Minium,  125. 

Mi  poun,  443. 

643. 

Molybdena,  182. 

Molybdenum,  Part  I.  ch.iii.  fefl. 

17* 

Molyhdats,  557. 

Molybdic  acid,  557. 

Motherlcy  explained,  page  299, 
note. 

Muriatic  acid,  Part  II.  ch.  5. 
fed.  V. 
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Muriatic  acid  dephlogifticated, 
n®  430. 

oxygenated, 430. 

compofition  of 

43<5- 

Muriats,  427,  and  Part  III. 
ch.  ii.  fed.  5. 

N 

Names  given  to  metals  by  the 
ancients,  130. 

Narcotic  icAt,  444. 

Nenvten’s  theory  of  light,  317. 

Nickel,  FzrtJ.  ch.  iii.  fed.  14. 
acetite  of,  791. 
borat  of,  755. 
fluat  of,  769. 
muriat  of,  713. 
nitrat  of,  684. 
oxalat  of,  808. 
phofphat  of,  741. 
foap  of,  601. 
fulphat  of,  647. 

Nitrats,  416,  and  Part  ill.  ch. 
ii.  fed.  3. 

Nitre, 66<y. 

ads  on  platinum,  415, 
note. 

cubic,  671. 

Nitric  acid,  51,  and  Part  II. 
ch.  V.  fed.  3. 
its  adicn  on  oils,  415. 

Nitrites,  419,  and  Part  III.  ch. 
ii.  fed.  4. 

Nitrous  air  or  gas,  41 1,  420, 
acid,  Part  II.  ch.  v. 
fed.  4. 

Nitro-muriatic  acid,  433. 

Nitrum  fixum,  626. 

flammans,  672. 
femivolatile,  672. 

O 

Oil  of  vitriol,  393. 

Oils,  Part  II.  ch.  iii. 
drying,  367. 
noncondudors  of  heat, 
261. 

Oli=ve,  when  firft  cultivated  in 
Europe,  362. 

Olive  oilanalyfed,  365. 

Orichalcum,  what,  140. 

Orpiment,  156. 

Ouretic  acid,  731. 

Oxalats,  472, and  Part  III.  ch. 
ii.  fed.  12. 

O.W/V  acid,  Part  II.  ch,  V.  fed, 

^3* 

Oxyd  and  oxydation,  68. 

Oxyds  of  antimony,  144, 
arfenic,  154. 
bifmuth,  149. 
cobalt,  160. 
copper,  96. 
gold,  71. 
iron,  105. 
lead,  t25. 
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Oxyds  of  manganefe,  n®  175. 
mercury,  85. 
molybdenum,  183. 
nickel,  167. 
platinum,  81. 
filver,  74. 
tellurium,  190. 
tin,  1 19. 
titanium,  187. 
tungften,  181. 
uranium,  185. 
zinc,  136. 

metallic,  remarks  on, 

193- 

Oxygen,  Part  I.  ch.  i. 

gas  contains  light,  324. 
caloric  it  gives  out, 
280. 

Oxy-muriats,\y,jy,  and  Part  III. 
ch.  ii.  fed.  6. 

Oxy-rnuriaticd.Q\d,  Part  II.  ch. 
v.  fed.  6. 

P 

Panacea  holfatica,  626. 

Pe-la,  519,  note. 

PercuJfiQn  produces  heat,  and 
W'hy,  n®  304. 

Perlated  fait,  731. 

acid,  731. 

Pe  voter,  140,  152. 

Phlogijion  explained,  297,  20, 
its  exiftence  difpro- 
ved,  303. 

Phlogijlic  theory,  page  326, 
note. 

Phlcgijlicated  air,  n®  52. 

Phofphats,  440,  and  Part  III, 
ch.  ii.  fed.  7. 

Phofpkorated  hydrogen  gas,  41. 

azotic  gas,  50. 

Phofphoric  acid,  28,  and  Part 
II.  ch.  v.  fed.  7. 

Phofphorous  acid,  442. 

Phofphorus,  Part  I,  ch.  ii,  fed. 

2. 

whether  an  ingre- 
dientoffteel,  115, 

Phofphuret  of  antimony,  145. 

arfenic,  156. 
bifmuth,  1 5 1, 
cobalt,  162. 
copper,  ICQ, 
gold,  72. 
iron,  108. 
lead,  127. 
lime,  199. 
manganefe,  176. 
mercury,  92. 
molybdenum, 

, 183. 

nickel,  1 71. 
platinum,  82. 
potafs,  377. 
lilver,  76. 
tin,  121. 

Phofpbur^li 


1 
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Phofphuret  of  Uingflen,  n°  181. 
zinc,  138. 

PzSf/’s  experiments  onlight  and 
caloric,  327  and  p. 
332,  note. 

Pinchbeck,  140. 

Pin  poun,  443. 

Plnjier  of  Paris,  633. 

Platinum,  Part  I.  ch.  iii.  fedl.  3. 
. benzoat  of,  824. 
oxalat  of,  808. 
febat  of,  850. 

Plumbago,  109. 

Pneumatic  apparatus,  7. 

Pompholyx,  page  286,  note. 

Potafs,  Part  II.  ch.  iv.  feft.  i. 
acetite  of,  779. 
acidulousoxalat  of,  804. 
antimoniat  of,  858. 
benzoat  of,  822. 
borat  of,  745. 
camphorat  of,  825. 
carbonat  of,  770. 
citratof,  814. 
fiuat  of,  761. 
ladlat  of,  819. 
malat  of,  818. 
muriat  of,  697. 
nitrat  of,  669. 
oxalat  of,  803. 
oxy-muriat  of,  724. 
phofphatof,  730. 
pruffiat  of,  839. 
ficcholat  of,  820. 
febat  of,  848. 
fuberat  of,  832. 
fulphat  of,  624. 
fulphite  of,  661. 
tartrite  of,  810. 

Pounxa,  443. 

Precipitate  perfe,  88. 

Pz-if/r/fj’stheoryof  combuftion, 
299- 

experiments  on  ni- 
trous gas,  41 1. 

Prince’s  metal,  140. 

PruJJlan  blue,  532,  841. 

alkali,  534,  843. 

Prufiats,  539. 

Prujtc  acid.  Part  II.  ch.  V.  fefl. 
28. 

affinities  of,  842. 

PyroUgniies,  526. 

Pyroll^nous  acid,  Part  II.  ch.  v. 
feet,  26. 


Pyromucites,  524. 

Pyromucous ncid.  Part  II.  ch.  v. 

fedt.  25. 

Pyrophori,  323. 

Pyropherus  of  Homberg,  641. 
Pyro-tartrites,  527. 
Pyrotartarous  acid.  Part  II.  ch. 
V.  fedf.  27. 


S^iichlime,  195 


0^ 
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^Ickfiher,  Part  I.  ch.  iii.  fedf. 

4- 

R 

Rancidity,  n®  366. 

Realgar,  156. 

Red  heat  explained,  328. 

precipitate,  n°  88. 
Redudiun  explained,  page  280, 
note. 

Regenerated  tartar,  n°  779. 
Rejiduum,  what,  19. 

Rejin  explained,  p.  348,  note. 
Rock  cryftal,  218. 

Rujl  of  iron,  105. 

S 

Saccharine  acid,  469. 

Sacchohits,  494,  and  Part  III. 

ch.  ii.  fedf.  17. 

Sal  ammoniac,  700. 

catharticus  amarus,  635. 
de  duobus,  626. 
gem,  698. 
mirabile,  628. 

perlatum,  731. 
polychrefl;  Glaferi,  626. 
Salt  of  Saturn,  792 
Salts,  624. 

neutral,  625. 

Saturation  explained,  569. 
Scammony,  foap  of,  613. 

Scheele,  account  of,  333,  and 
note  in  page  335. 

Sea  fait,  698. 

Sebats,  546,  and  Part  III.  ch. 
ii.  fedt.  25. 

Secret  foliated  earth  of  tartar, 

119- 

fal  ammoniac,  629. 
Selenite,  633. 

Semimetals,  6g. 

Seydler  fait,  635. 

Slderum,  108. 

Sidneia,  241 . 

Silica,  Part  I.  ch.  iv.  fedf,  5. 
Scheele’s  theory  of  the 
formation  of,  454. 
fluat  of,  768. 

Silk,  why  a warm  covering, 
262. 

Silkmsorm  contains  an  acid. 

Silver,  Part  I.  ch.  iii,  fedf.  2. 
fulminating,  852. 
acetite  of,  799. 
benzoat  of,  824. 
muriat  of,  722. 
nitrat  of,  693. 
oxalat  of,  808. 
foap  of,  606. 
fulphat  of,  657. 

Simple  affinity,  581. 

bodies  what,  3. 
6'/Ks/^/V/^liquorof  Libavius,72  8. 
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Snovj  of  antimony,  144. 

Soap,  380. 

origin  of  the  term,  588. 
method  of  forming,  589. 
hard,  588. 
fofc,  592. 
of  wool,  592. 
of  fiffi,  592. 

Soaps,  Part  III.  ch.  i. 

Soda,  Part  II.  ch.  iv.  fedt.  2. 
acetite  of,  780. 
benzoat  of,  822. 
borat  of,  746. 
camphorat  of,  826. 
carbonat  of,  771 . 
citrat  of,  815. 
fiuat  of,  762. 
ladfat  of,  819. 
malat  of,  818. 
muriat  of,  698. 
nitrat  of,  671. 
oxalat  of,  805. 
oxy-muriat  of,  725. 
phofphat  of,  731. 
pruffiat  of,  839. 
faccholat  of,  820. 
febat  of,  848. 
fuberat  of,  833. 
fulphat  of,  628. 
fulphite  of,  662. 

Soluble  tartar,  810. 

Solution,  867. 

why  haftened  by  heat, 

293- 

Sory,  643. 

Sparks  produced  by  the  colli- 
fion  of  quartz,  307. 

Specific  caloric,  what,  264,  292. 
table  of,  268. 

Specficum  purgans,  626. 

Spelter,  134. 

Spirit  oi  Mindererus,  781. 
nitre,  409. 
fait,  424. 

Stahl’s  theory  of  combuftion, 
297, 

Steam,  338. 

a noncondudlor  of  calo- 
ric, 263. 

Steel,  1 1 2. 

Stibium  of  the  ancients,  what, 
142. 

Stones,  condudting  power  of, 
257. 

Strength  0^  2ic\ds,  399,  413. 

Strontites,  Part  I ch.  iv.  feft.  4. 
acetite  of,  784. 
carbonat  of,  775. 
muriat  of,  704. 
nitrat  of,  675. 
oxalat  of,  807. 
phofphat  of,  735. 
fulphat  of,  634. 
tartrite  of,  813. 

Suherats,  516.  and  Part  III. 


Indil' 

ch.  ii.  fedf.  22. 

Suberic  acid.  Part  II.  ch 
fedt.  23. 

Succinate,  n°  507. 

Succinic  aied.  Part  II.  ch, 
fedt.  2 1 . 

Sugar,  467. 

acid  of,  469. 
of  bifmuth,  795.  | 

of  lead,  792.  j 
of  milk,  490. 
of  Saturn,  792. 
Sulphats,  40 1 , and  Part  1 
ch.  ii.  fedt.  I.  j 

Sulphites,  407.  and  Part  ! i. 

ch.  ii.  fedt.  2.  ! 

Sulphur,  Part  I.  ch.  ii.  fedt  . 
Sulphurated  hydrogen  gas,  |, 
859.  _ i 

Sulphur et  of  ammonia,  388 
antimony,  145 
arfenic,  156. 
barytes,  212. 
bifmuth,  150.  ; 
cobalt,  162. 
copper,  99. 
iron,  108. 
lead,  126. 
lime,  198. 
magnefia,  205 
mercury,  90,  , 
861. 

molybdenum,  I . 
nickel,  169. 
potafs,  377. 
filver,  75. 
tellurium,  190. 
tin,  120. 
tungften,  i8r.  , 
uranium,  185. 
zinc,  137.  i 

Sulphurets,  remarks  on,  861 
Sulphuric  acid.  Part  II.  ch.  ' 
fedt.  I. 

Sulphurous  acid,  Part  II.  ch.  i 
fedt.  2.  I 

Sylvanite,  page  295,  note,  j 
Syrupous  acid,  page  383,  nai 
T 

Tanning  495,  n. 

Tartar,  474,  809.  | 

emetic,  814.  ! 

Tartari%ed  tindture  of  Ma 
814.  I 

iron,  814.  j 

Tartarous  acid,  Part  II.  ch.  k 
fedt.  14.  I 

Tartrites,  476,  and  Part  IL 
ch.  ii.  fedt.  13. 
Tdlurium,Pax\\.  ch.iii.  fedt.: 
fulphat  of,  660. 
Temperature  explained,  292. 
Tennant,  Smithibn,  decompo  i 
carbonic  acid,  461. 
Tr/^o«ofcaloricexplained,2^  I 

Tei\ 

I 


|i 

k 


[JDEX. 

Ira  ponderofif,  209. 
.I^rmometert  246. 

; how  a meaAire  of 

7;  temperature, 

250. 

' ftands  higher 

when  its  bulb 
is  blackened, 
327. 

finks  in  an  ex- 
liaufted  receiver, 
243. 

I Wedge  wood’s, 

, ; 226. 

Sj,  Part  I.  ch.  iii.  fedt.  7. 

acetite  ot,  793. 

«|  benzoat  of,  824. 
borat  of,  757. 
fluat  of,  769. 
muriat  of,  715. 
nitrat  of,  686. 
oxalat  of,  808. 
oxy-muriat  of,  728. 
febat  of,  850. 
foap  of,  602 
fulphat  of,  649. 

1 1 8. 
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^Tinplate,  n°  122. 

T'mcaly  443. 

Titanium^  Part  I.  ch.  iii.  fedt. 
19. 

muriat  of,  723. 
fulphat  of,  659. 
Tombac y white,  158. 

TungJiatSf  556. 

Tungjlefi,  Part  I.  ch.  iii.  fedt. 

16. 

Tungjltc  acid,  555. 

Turh’ith  mineral,  655. 
Turpentine i foap  of,  609. 
Types,  printers,  compofition  of 
147. 

U 

Vegetable  acids,  528. 

Venus,  cryhals  of,  794. 
Verdigrife,  794. 

Vermilion,  91. 

Vinegar,  Part  II.  ch.  v.  fedt, 

II. 

of  Saturn,  792. 

Vital  air,  6. 

Vitriol,  blue,  650. 
green  643. 
white,  645. 
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CHEMUNG,  is  a townfliip  in  Tioga  co.  New-York. 
By  the  ftate  cenfus  of  1796,  81  of  its  inhabitants  were 
eledtors.  It  has  Newton  W.  and  Ofwego  E.  about  160 
miles  N.  W.  from  New-York  city,  meafuring  in  a 
ftraight  line. 

Between  this  place  and  Newton,  Gen.  Sullivan,  in 
his  vidtorious  expedition  againft  the  Indians,  in  1779, 
had  a defperate  engagement  with  the  Six  Nations,  whom 
he  defeated.  The  Indians  were  ftrongly  intrenched, 
and  it  required  the  utmoft  exertions  of  the  American 
army,  with  field  pieces,  to  diflodge  them ; although 
the  former,  including  250  tories,  amounted  only  to 
800  men,  while  the  Americans  were  5000  in  number, 
and  well  appointed  in  every  refpedt. — Morse. 

CHENENGO,  is  a northern  branch  of  Sufquehanna 
River  Many  of  the  military  tovvnfhips  are  watered 
by  the  N.  W.  branch  of  this  river.  The  towns  of  Fay- 
ette, Jerico,  Greene,  Clinton,  and  Chenengo,  in  Tio- 
ga CO.  lie  between  this  river  and  the  E.  waters  of  Suf- 
quehanna.— ib. 

Chenengo,  a poll  town,  and  one  of  the  chief  in 
Tioga  co.  New  York.  The  fettled  part  of  the  town  lies 
about  40  miles  N.  E.  from  Tioga  point,  between  Che- 
nengo River  and  Sufquehanna  ; has  the  town  of  Jerico 
on  the  northward.  By  the  ftate  cenfus  of  1796,  169 
of  its  Inhabitants  are  eledtors.  It  was  taken  off  from 
Montgomery  co.  and  in  1791,  it  had  only  45  inhabit- 
ants. It  is  375  miles  N.  N.  W of  Philadelphia. — ib. 

CHENESSEE,  or  Genejfee  River  rifes  in  Pennfylva- 
nia,  near  the  Ipot  which  is  the  higheft  ground  in  that 

SUPPL,  VoL.  I. 
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Vitriol  of  potafs,  page  409,  n. 

mother  water  of,  644. 
Vitriolated  ammonia,  629. 

tartar,  626. 

Vitriolic  acid,  393. 

Volatile  and  volat  'ili%ation,  what, 
17; 

Volatile  •dSk?iX\,  384. 
oils,  371. 

Uranium,  Part  I.  ch.  iii.  fedt. 
18. 

acetite  of,  801. 
phofphat  of,  743. 
fulphat  of,  658. 

W 

Water,  38,  Part  II.  ch.  i. 
weight  of,  336. 
hiftory  of  its  decompo- 
fition,  343. 

proofs  of  its  decompo- 
fition.  344. 

a noncondudtor  of  heat, 
258. 

cf  nitre,  409. 

Watery  fufion  explained,  628, 
and  note. 

Wedgenuood,  Thomas,  his  expe- 
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riments  on  light,  327,  328, 

329»  330- 

Wedgenvood’ s thermometer,  226. 

Wilcke’s  experiments  on  fpe- 
cific  caloric,  265. 

Wine,  eifential  fait  of,  779. 

^oo<f,condudlingpower  of,  254. 

Z 

Zero,  real,  attempt  to  difeover,  • 

273- 

Zinc,  Part  I.  ch.  iii.  fedt.  9. 
acetite  of,  789. 
benzoat  of,  824. 
borat  of,  752. 
carbonatof,  778. 
fluat  of,  769. 
ladlat  of,  819. 
malat  of,  8 1 8, 
muriat  of,  710. 
nitrat  of,  68 1 . 
oxalat  of,  808. 
phofphat  of,  739. 
foap  of,  599. 
fulphat  of,  645. 
tartritc  of,  814. 

Zirconia,  page  413,  note 

Zoonic  acid,  549. 
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ftate,  where  the  eafternmoft  water  of  Alleghany  river,  Chemung 
and  Pine  creek,  a water  of  Sufquehannah,  and  Tioga  H 
river  rife.  Fifty  miles  from  its  fource  there  are  falls 
of  40  feet,  and  5 from  its  mouth  of  75  feet,  and  a little 
above  that  of  96  feet.  Thefe  falls  furnifli  excellent 
mill-feats,  which  are  improved  by  the  inhabitants.  Af- 
ter a courfe  of  about  100  miles,  moftly  N.  E.  by  N.  it 
empties  into  lake  Ontario,  44  miles  E.  of  Irondequat 
or  Rundagut  bay,  and  80  E.  from  Niagara  falls. 

The  fettlements  on  Cheneffee  river  from  its  mouth 
upwards,  are,  Hartford,  Ontario,  Wadfworth  and 
William  {burgh.  The  laft  mentioned  place,  it  is  proba- 
ble, will  foon  be  the  feat  of  extenfive  commerce.  There 
will  not  be  a carrying  place  between  New-York  city 
and  William  (burgh,  when  the  weftern  canals  and  locks 
fliall  be  completed.  The  carrying  places  at  prefent  are 
as  follows,  viz.  Albany  to  Schenedlady  16  miles,  from 
the  head  of  the  Mohawk  to  Wood  creek  i,  Ofwego  falls 
2,  Cheneffee  falls  2;  fo  that  there  are  but  21  miles 
land  carriage  neceffary,  in  order  to  convey  commodi- 
ties from  a tradt  of  country  capable  of  maintaining  fe- 
veral  millions  of  people.  The  famous  Cheneffee  flats 
lie  on  the  borders  of  this  river.  They  are  about  20 
miles  long,  and  about  4 widej  the  foil  is  remarkably 
rich,  quite  clear  of  trees,  producing  grafs  near  ten  feet 
high.  Thefe  flats  are  eftimated  to  be  worth  200, 000, 

as  they  now  lie.  They  are  moftly  the  property  of  the 
Indians  — ib. 

CHEPAWAS,  or  Chipeiuays,  an  Indian  nation  inhabit- 
ing the  coaft  of  lake  Superior  and  the  iflands  in  the  lake. 

3 N They 
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Cbiibim.  cherub  at  the  other  end  : rn33n  p out  of  the  mercy-  “ Secondly^  of  what  the  cherubs  were  emblems,  and  Cherubim. 

(Margin  Eng.  Tranflac,  of  the  matter  of  the  mer-  with  what  propriety, 
cy-feat)  (hall  ye  make  the  cherubs  at  the  two  ends  “ That  the  cherubic  figures  were  emblems  or  repre. 
thereof.’  All  which  was  accordingly  performed  (Exod.  fentatives  of  fomething  beyond  themfelves  is,  I think, 
xxxvii.  7,  8.),  and  thefe  cherubs  were  with  the  ark  pla-  agreed  by  all,  both  Jews  and  Ghriftians.  But  the 
ced  in  the  holy  of  holies  of  the  tabernacle  (Exod.  xxvi.  queftion  is,  of  what  they  were  emblematical  ? To  which 
33,  34.  xl.  20.];  as  thofe  made  by  Solomon  were  after-  I anfwer  in  a word,  Thofe  in  the  holy  of  holies  were 
wards  in  the  holy  of  holies  of  the  temple  ( i Kings  vii.  emblematical  of  the  ever  bleffed  Trinity  in  covenant  to 
23,27.)  redeem  man,  by  uniting  the  human  nature  to  the  Second 

We  may  obferve  that  in  Exodus  Jehovah  fpeaks  to  Perfon  ; which  union  was  fignified  by  the  union  of  the 


Mofes  of  the  cherubs  as  of  figures  well  known  ; and  no 
wonder,  fince  they  had  always  been  among  believers  in 


faces  of  the  lion  and  of  the  man  in  the  cherubic  exhibi- 


tion, Ezek.  i.  10.  compare  Ezek.  xli.  18, 


The 


the  holy  tabernacle  from  the  beginning.  (See  Gen.  iii.  cherubs  in  the  holy  of  holies  were  certainly  intended  to 
24.  Wifd.  ix.  8.  And  though  mention  is  made  of  reprefent  fome  beings  in  heaven,  becaufe  St  Paul  has 
their  faces  (Exod.  xxv.  20.  2 Chron.  iii.  13.),  and  of  exprefsly  and  infallibly  determined  that  the  holy  of  ho- 
their  wings,  (Exod.  xxv.  20.  i Kings,  viii.  7.  2 Chron.  lies  was  a figure  or  type  of  heaven,  even  of  that  heaven 
iii.  II,  12.)  ; yet  neither  in  Exodus,  Kings,  nor  Chro-  wEere  is  the  peculiar  refidence  of  God  (Heb.  ix.  24). 
nicies  have  we  any  particular  defcription  of  their  form.  And  therefore  thefe  cherubs  reprefented  either  the  ever 
This  is  however  very  exadlly,  and  as  it  were,  anxioufly  blelTed  Trinity  with  the  man  taken  into  the  eifence,  or 
fuppliedby  the  prophet  Ezekiel,  ch.  i.  5.  ‘ Out  of  the  created  fpiritual  angels.  The  following  reafons  will,  I 


midft  thereof  [i.e.  of  the  fire  infolding  itfelf,  ver.  4.) 
rilicn  the  likenefs  of  four  living  creatures  or  animals ; 
runb  aiS  mat  the  likenefs  of  a man  (being)  with  them.’ 
This  laft,  Hebrew  expreffion  cannot  mean  that  they, 
i.  e.  the  four  animals,  had  the  likenefs  of  a man,  which 
interpretation  would  indeed  make  the  prophet  con- 
tradift  himfeif  (comp.  ver.  10.);  but  it  imports  that 
the  likenefs  of  a man  in  glory,  called  (verfe  26.) 
OlN  nisntts  rOfiT  the  likenefs  as  the  appearance  of  a man, 


hope,  clearly  prove  them  to  be  emblematical  of  the 
former,  not  of  the  latter  ; 

“ ijl.  Not  of  angels  ; becaufe  (not  now  to  infill  on 
other  circumftances  in  the  cherubic  form)  no  tolerable 
reafon  can  be  affigned  why  angels  (hould  be  exhibited 
with  four  faces  apiece. 

“ idly,  Becaufe  the  cherubs  in  the  holy  of  holies  of 
the  tabernacle  were,  by  Jehovah’s  order,  ‘ made  out  of 
the  matter  of  the  mercy-feat,  or  beaten  out  of  the  fame 


and  particularly  deferibed  in  that  and  the  following  ver-  piece  of  gold  as  that  was’  (Exod.  xxv.  18,  19.  xxxvii. 
fes  was  with  them.  Ver.  6.  ‘ And  there  were  four  fa-  9.)-  Now  the  mercy-feat  made  of  gold,  and  crowned, 
ces  to  one  (ni»T  or  fimilitude),  and  four  wings  to  one,  was  an  emblem  of  the  divinity  of  Chrift  (See  Rom.  iii. 


ennb  to  them.’  So  there  were  at  lead  two  compound  fi- 
gures. Ver  10.  * And  the  likenefs  of  their  faces  ; the 
face  of  a man,  and  the  face  of  a lion,  on  the  right  fide, 
to  them  four;  and  the  face  of  an  ox  to  them  four  ; and 
the  face  of  an  eagle  to  them  four.’  Ezekiel  knew  (ch. 
X.  I — 20.)  that  thefe  were  cherubs.  Ver.  21.  ‘Four 
faces  nnttb  to  one  (cherub)  and  four  wings  to  one.* 
This  text  alfo  proves  that  the  prophet  faw  more  che- 
rubs than  one,  and  that  each  had  four  faces  and  four 
wings.  And  we  may  be  certain  that  the  cherubs  placed  in 
the  holy  of  holies  were  of  the  form  here  deferibed  by  the 
pried  and  prophet  Ezekiel,  becaufe  we  have  already 
ieen  from  Exodus,  i Kings,  and  2 Chronicles,  that 
they  likewife  had  faces  and  wings,  and  becaufe  Ezekiel 
knew  what  he  faw  to  be  cherubs,  and  becaufe  there 
were  no  four-faced  cherubs  any  where  elfe  but  in  the 
holy  of  holies ; for  it  is  plain,  from  a comparifon  of 
Exod.  xxvi.  I,  31.  I Kings  vi,  29,  32,  and  2 Chron. 
iii.  14.  with  Ezekiel  xli.  18,  19,  20.  that  the  artificial 
cherubs  on  the  curtains  and  vail  of  the  tabernacle,  and 
on  the  walls,  doors,  and  vail  of  the  temple,  had  only 
two  faces;  namely,  thofe  of  a lion  and  of  a man. 

“ For  it  mud  be  obferved  further,  that  as  the  word 
is  ufed  for  one  compound  figure  with  four  faces, 
and  d'3'nD  in  the  plural  for  feveral  fuch  compounds  (fee 
Exod.  xxv.  18,  19.  xxxvii,  8.  i Kings  vi.  23 — 26  ), 
fo  is  31"0  applied  to  one  of  the  cherubic  animals,  as  to 
the  ox,  Ezek.  x.  14;  (compare  ch.  i.  10.)  to  the 
coupled  cherub  or  lion-man,  Ezek.  xli.  18. ; and  ouns 
to  feveral  of  the  cherubic  animals  as  to  feveral  oxen,  i 
Kings  vii.  36,  (compare  ver.  29)  to  feveral  coupled 
cherubs,  Exod.  xxvi.  i.  l Kings  vi.  32,  35.  & al.  I 
proceed  to  fiiew 


25. ).  The  cherubs  therefore  reprefented  not  the  ange- 
lic, but  the  Divine  nature. 

“ ^dly,  The  typical  blood  of  Chrid  was  fprinkled 
before  them  on  the  great  day  of  atonement  (compare 
Exod.  xxxviii.  9.  Lev.  xvi.  14.  Heb.  ix.  7,  12,)  : And 
this  cannot  in  any  fenfe  be  referred  to  created  angels, 
but  mud  be  referred  to  Jehovah  only,  becaufe, 

“ /^thly.  The  high  pried’s  entering  into  the  holy  of 
holies  on  that  day,  reprefented  Chrid’s  entering  with 
his  own  blood  into  heaven,  * to  appear  in  the  prefence  of 
God  for  us’  (Heb.  ix.  7,  24.).  And, 

“ 5^/^/y,  When  God  ‘railed  Chrid  (the  humanity) 
from  the  dead,  he  fet  him  at  his  own  right  hand  in  the 
heavenly  places,  far  above,  YnsPANa,  all  principality 
and  power,  and  might,  and  dominion,  and  every  name 
that  is  named,  not  only  in  this  world,  but  alfo  in  that 
which  is  to  come  (Eph.  i.  21.).  Angels  and  autho- 
rities and  powers  being  made  fubjed  unto  him’  ( i Peter 
iii.  22.) 

“ 6thly,  The  prophet  Ezekiel  faith  (ch.  x.  20.), 
‘ This  is  the  living  creature,  n’nn  (which  mud  mean 
one  compound  figure,  comp.  ver.  14.)  that  I faw’ rinn 
(indead  of,  a fubditute  of  ‘ the  Aleim  of  Ifrael.  nnn» 
it  is  granted,  may  refer  either  to  fituation  or  fubditu- 
tion,  (fee  Gen.  xxx.  2.  1.  19.)  as  the  fenfe  requires. 
Here,  notw'ithdanding  what  is  faid  ver.  19.  the  latter 
fenfe  is  preferable,  becaufe  it  was  the  glory  of  the  God 
of  Ifrael,  i.  e.  the  God-man  in  glory,  (compare  ch.  i. 

26. )  not  the  Aleim  (the  Trinity)  of  Ifrael  that  were 
over  the  cherubim;  and  the  text  fays  not,  thefe  were 
the  living  creatures,  but,  this  was  the  living  creature, 
which  I faw  ‘?ktw’  ’n'JK  nnn.  Now  the  glory  was  over 
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Chembim.  both  the  cherubitn?,  ver.  19.  but  one  compound  cherub 
only  was  a fubftiiuie  of  the  Akim. 

“ If  it  fnould  be  here  afked.  Why,  then,  were  there 
two  compound  cherubs  in  the  holy  of  holies  ? I anfwer, 
Had  there  not  in  this  place  been  two  compound  che- 
rubs, it  would  have  been  naturally  impoffible  for  them 
to  reprefent  what  w'^as  there  defigned  ; for  otherwife, 
all  the  faces  could  not  have  looked  inwards  toward  each 
other,  and  down  upon  the  mercy-feat,  and  on  the  inter- 
ceding  high  prieft  fprinkling  the  typical  blood  of  Chrift, 
(fee  Exod.  xxxvii.  9.)  and  at  the  fame  time  have  look- 
ed outward  toward  the  temple,  n's'?  ( Vulg.  ad.  domum 
exteriorem,  to  the  outer  houfe,)  2 Chron.  iii.  13.  Or, 
in  other  words,  the  Divine  Perfons  could  not  have  been 
reprefented  as  witneffing  to  each  other’s  voluntary  en- 
gagements for  man’s  redemption,  as  beholding ^the  fa- 
crifice  of  Chrift’s  death,  typified  in  the  Jewifh  church, 
and  at  the  fame  time  as  extending  their  gracious  re- 
gards to  the  whole  w'orld.  (See  Ifa.  liv.  5.  and  Spear- 
man’s Enquiry,  p.  382.  edit.  Edinburgh.) 

“ The  coupled  cherub,  or  lion-man,  on  the  vail,  and 
curtains  of  the  outer  tabernacle,  and  on  the  vail,  doors, 
and  walls  of  the  temple,  accompanied  with  the  emble- 
matic palm  tree,  is  fuch  a linking  emblem  of  the  lion  of 
the  tribe  of  Judah  (Rev.  v.  5.)  united  to  the  man 
Chrift  Jefus,  as  is  eafy  to  be  perceived,  but  hard  to  be 
evaded.  Thefe  coupled  cherubs  appropriate  the  taber- 
nacle or  temple  and  their  vails  as  emblems  of  Chrift, 
and  exprefs  in  vifible  fymbols  what  he  and  his  apoftles 
do  in  words.  See  John  ii.  19,  21.  Heb.  viii.  2.  ix.  ii. 
X.  20.  comp.  Matt,  xxvii.  51.  And  as  the  texts  juft 
cited  from  the  New  Teftament  afford  us  diviire  autho- 
rity for  afferting  that  the  outer  tabernacle  or  temple 
was  a type  of  the  body  of  Chrift,  fo  they  furnilh  us 
with  an  irrefragable  argument  to  prove  that  the  che- 
rubs on  their  curtains  or  walls  could  not  reprefent  an- 
gels. For  did  angels  dwell  in  Chrift’s  body  ? No  fure- 
ly  : But  ‘ in  him  dwelt  all  the  fulnefs  of  the  Godhead 
-bodily.’  (Col.  ii.  9.) 

“ I go  onto  confider  the  propriety  of  the  animals  in 
the  cherubic  exhibition  reprefenting  the  Three  Perfons 
in  the  ever-bleffed  Trinity.  And  here  to  obviate  any 
undue  prejudice  which  may  have  been  conceived  againft 
the  Divine  Perfons  being  fymbolically  reprefented  under 
any  animal  forms  whatever,  let  it  be  remarked  that  Je- 
hovah appeared  as  three  men  to  Abraham,  (Gen.  xviii.); 
that  the  ferpent  of  brafs  fet  up  by  God’s  command  in 
the  wildernefs  was  a type  or  emblem  of  Chrift,  God- 
man,  lifted  up  on  the  crofs  (comp.  Num.  xxxi.  i- — 9. 
with  John  iii.  14.  15.)  ; that  at  Jefus’  baptifm  the  Holy 
Spirit  defcended  in  a bodily  fiiape,  like  a dove,  upon 
him  (Luke  iii.  21,  22)  ; that  Chrift,  as  above  intima- 
ted, is  exprefsly  called  the  lion  of  the  tribe  of  Judah 
(Rev.  V.5.)  ; and  continually  in  that  fymbolic-al  book 
let  before  us  under  the  fimilitude  of  a lamb.  All  thefe 
are  plain  fcriptural  reprefentations,  each  of  them  admi- 
rably fuited,  as  the  attentive  reader  will  eafily  obferve, 
to  the  particular  circumftances  orfpecific  defign  of  the 
exhibition.  Why  then  ftiould  it  appear  a thing  incre- 
dible, yea  why  not  highly  probable,  that  Jehovah  Akim 
fnould,  under  the  typical  ftate,  order  his  own  Perfons 
and  the  union  of  the  manhood  with  the  eftence  to  be 
reprefented  by  animal  forms  nn  the  cherubim  of  glory? 
Efpecially  if  it  be  confidered  that  the  three  animal 
forms,  exclufive  of  the  man  (who  ftnod  for  the  very 
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human  nature  itfelf)  are  the  chief  of  their  refpeffive  Cher  Sjk 
genera  . the  ox  or  bull,  of  the  tame  or  graminivorous  ^ (h 
the  lion  c.f  the  wild  or  carnivorous  ; and  the  eagle,  of 
the  winged  kind. — But  this  is  by  no  means  all ; For 
as  the  great  agents  in  nature,  which  carry  on  all  its 
operations,  certainly  are  the  fiuid  of  the  heavens,  or,  in  I 
other  words,  the  fire  at  the  orb  of  the  fun,  the  light  if- 
fuing  from  it,  and  the  fpirit  or  grofs  air  cnnftantly  fup-  i 
porting,  and  concurring  to  the  actions  and  effedls  of  the  | 

other  two;  fo  we  are  told  (Pfai.  xix.  i.)  that  cs’S’i'n  j 

'?N  SnaDQ  the  heavens  (are)  the  means  of  declaring,  ^ 

recounting,  or  particularly  exhibiting  the  glcry  of  God,  ^ 
even  his  eternal  power  and  godhead,  as  St  Paul  fpeaks, 

Rom.  i.  20.  And  accordingly  Jehovah  himfelf  is  fome- 
times,  though  rarely  (I  prefume  for  fear  of  miftakes) 
called  by  the  very  name  C2'>)2V/  or  heavens  in  the  Old 

Teftament,  fee  2 Chron.  xxxii.  20.  (comp.  2 Kings 
xix.  14.  Ifa.  xxxvii.  15.)  Dan.  iv.  23.  or  26.;  as  he  is 
more  frequently  exprelfed  by  Ot.p«vo5  heaven  in  the  New. 

(See  Mat.  xxi.  25.  Mark  xi.  30,  31.  Luke  xv.  i8,  1 

21.  XX.  4,  j.  John  iii.  27.)  Yea  not  only  fo,  but  we. 
find  in  the  Scriptures  both  of  the  Old  and  New  Tefta-  | 

ment,  that  the  Perfons  of  the  eternal  Three  and  their  ! 

economical  operations  in  the  fpiritual,  are  reprefented 
by  the  three  conditions  of  the  celeftial  fluid  and  their 
operations  in  the  material  world.  Thus  the  peculiar 
emblem  of  the  Word  or  Second  Perfon  is  the  crrc;  or 
light,  and  he  is  and  does  that  to  the  fouls  or  fpirits  of 
men  which  the  material  or  natural  light  is  and  doe.s  to 
their  bodies.  (See  inter  al.  2 Sam.  xxiii.  4.  Ifa.  xHx. 

6.  lx.  1.  Mai.  iv.  2.  or  iii.  20.  Luke  i.  78.  ii.  32.  John 
i.  4—9.  viii.  12.  xii.  35,  36,  46.)  The  Third  Perfon  ..j 

has  no  other  diftinftive  name  in  fcripture  but  nn  in  |J 

Hebrew,  and  nvivuct  in  Greek,  (both  which  words  in 
their  primary  fenfe  denote  the  material  fpirit  or  air  in  | 
motion),  to  which  appellation  the  epithet  t^np,  |L 

holy,  or  one  of  the  names  of  God,  is  ufually  added  ; and  P 
the  adtions  of  the  Holy  Spirit  in  the  fpiritual  fjftem  p] 
are  defcribed  by  thofe  of  the  air  in  the  natural.  (See 
John  iii.  8.  xx.  22.  Acts  ii.  2.)  Thus,  then,  the  Se-  |h 

cond  and  Third  Perfons  of  the  ever-bleffed  Trinity  are  i* 

plainly  reprefented  by  fcripture  by  the  material  light 
and  air.  But  it  is  further  written,  Jehovah  thy  Akim 
is  a confirming  fire,  Deut.  iv.  24.  (Comp.  Deut.  ix.  ’ , 

23.  Heb.  xii.  29.  Pfal.  xxi.  10.  Ixxviii.  21.  Nah.  i.  2.)  | : 

And  by  fire,  derived  either  immediately  or  mediately  i 

from  heaven,  were  the  typical  facrifices  confumed  un- 
der the  old  difpenfation.  Since,  then,  Jehovah  is  in 
fcripture  reprefented  by  the  material  heavens,  and  even 
called  by  their  name,  and  efpecially  by  that  of  fire,  and  j '' 
fince  the  Second  and  Third  Perfons  are  exhibited  re- 
fpedtively  by  the  two  conditions  of  light  and  fpirit,  and 
fince  fire  is  really  a condition  of  the  heavenly  fiuid  as  i 
much  diftindl:  from  the  other  two  as  they  are  from  each  ■ 

other,  it  remains  that  the  peculiar  emblem  of  the  Firft  j 

Perfon  (as  we  ufually  fpeak)  of  the  eternal  Trinity,  con- 
fidered with  refpedt  to  the  other  two,  be  the  fire.  i 

“ Bearing  then  in  mind  that  the  perfonality  in  Je-  ' 

hovah  is  in  fcripture  reprefented  by  the  material  TrU  I 
nity  of  nature;  which  alfo,  like  their  divine  antitype, 
are  of  one  fubftance,  that  the  primary  fcriptural  type 
of  the  Father  is  fire ; of  the  Word,  light ; and  of  the 
Holy  Ghoft,  fpirit,  or  air  in  motion;  we  ftiall  eafily 
perceive  the  propriety  of  the  cherubic  emblems.  For 
the  ox  or  bull,  on  account  of  his  horns,  the  curling  hair 

on 
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CJrubim.  on  hiff  forehead,  and  his  unrelenting  fury  v/hen  provo- 
pfal.  xxii.  13.)  is  a very  proper  animal  em- 
blem of  fire  ; as  the  lion  from  his  ufual  taumy  gold- 
like colour,  his  flowing  mane,  his  fliining  eyes,  his  great 
vigilancy  and  prodigious  ftrength,  is  of  light ; and  thus 
likewife  the  eagle  is  of  the  fpirit  or  air  in  action,  from 
his  being  chief  among  fowls,  from  his  impetuous  mo- 
tion (fee  2 Sam.  i.  23.  Job  ix.  26.  Jer.  iv.  13.  Lam. 
iv.  19.),  and  from  his  towering  and  furprifing  flights  in 
the  air  (fee  Job  xxxix.  27.  Prov.  xxiii.  5.  xxx.  19.  Ifa. 
xl.  31.  and  Bochart,  vol.  iii.  page  173.)  And  the 
heathen  ufed  thefe  emblematic  animals,  or  the  like, 
fometimes  feparate,  fometimes  joined,  in  various  man- 
ners, as  reprefentacives  of  the  material  Trinity  of  na- 
ture, which  they  adored.  Thefe  particulars  Mr  Hut- 
chinfon  has  proved  with  a variety  of  ufeful  learning, 
vol.  vii.  p.  381.  & feq.  aiYd  any  perfon  who  is  tolerably 
acquainted  with  the  heathen  mythology  w'ill  be  able  to 
increafe  his  valuable  colledfion  with  many  inftances  of 
the  fame  kind  from  modern  as  well  as  ancient  accounts 
of  the  pagan  religions. 

“ Thus,  then,  the  faces  of  the  ox,  tlie  lion,  and  the 
eagle,  reprefenting  at  fecond  hand  the  Three  Pcrfons 
of  Jehovah,  the  Father,  the  Word,  and  the  Holy  Spi- 
rit ; and  the  union  of  the  divine  light  with  man  being 
plainly  pointed  out  by  the  union  of  the  faces  of  the 
lion  and  the  man  (fee  Ezek.  i.  10.  xli.  18. )>  we  may 
fafely  affert,  that  the  cherubim  of  glory  (Heb.  ix.  5.) 
in  the  holy  of  holies  w'ere  divinely  inftituted  and  proper 
emblems  of  the  Three  Eternal  Perfons  in  covenant  to 
redeem  man,  and  of  the  union  of  the  divine  and  human 
natures  in  the  perfon  of  Chrift.  And  w'e  find  (Gen. 
iii.  24.)  that  immediately  on  Adam’s  expulfion  from 
paradife,  and  the  celfation  of  the  firft  or  paradifiacal 
difpenfation  of  religion,  Jehovah  Aleim  himfelf  fet 
up  thefe  emblems,  together  with  the  burning  flame 
nasnricn  rolling  upon  itielf,  to  keep  the  w'ay  to  the  tree 
of  life  ; undoubtedly,  confidering  the  fervices  perform- 
ed before  them,  not  to  hinder,  but  to  enable,  man  to 
pafs  through  it.” 

Thus  far  Mr  Parkhttrft  ; and  to  his  differtation  where 
is  the  man  who  will  deny  the  merit  of  erudition,  com- 
bined with  ingenuity?  To  the  latter  part  of  his  rea- 
foning,  however,  objeiflions  obtrude  themfelves  upon  us 
of  fuch  force,  that  we  know  not  how  to  anfvver  tliem. 
The  reader  obferves,  that  according  to  this  account, 
the  cherubim  are  only  at  fecond  hand  emblematical  of  the 
Holy  Trinity,  and  that  the  primary  emblem  is  that  fluid 
which  the  author  conceives  to  fill  the  folar  fyftem,  and 
to  be  one  fubftance  under  the  different  appearances  or 
modifications  of fre,  light.,  and  grofs  air.  Bbt  unfortu- 
nately for  this  reafoning,  we  are  as  certain  as  w-e  can 
be  of  any  matter  of  fact,  that  fre  and  air  are  not  one 
fubftance ; that  the  grofs  air  itfelf  is  compounded  of 
very  different  fubftances ; and  that  even  light  is  a diffe- 
rent fubftance  fiom  that  which  caufes  in  us  the  fenfa- 
tion  of  heat,  and  to  which  modern  chemifts  have  given 
the  name  of  caloric  (See  CHEMiSTRY-/«^f*;  in  this  Sup- 
plement). We  admit,  that  the  primary  atoms  of  all 
matter  may  he  fubftances  of  the  very  fame  kind,  though 
we  do  not  certainly  know  that  they  are : but  this  makes 
nothing  for  onr  author’s  hypothefis ; becaufe  the  fun 
and  all  the  planets  muft,  in  that  cafe,  be  added  to  his 
one  fubftance,  which  would  nolonger  appear  under  a tri- 
ple form.  Could  it  indeed  be  proved,  that  ail  men  from 


Adam  downwards,  who  made  ufe  of  cherubic  figures  Cherubim, 
for  the  very  fame  purpofe  with  the  ancient  Jews,  belienj- 
ed  that  fire,  air,  and  light,  are  different  modifications 
of  the  fame  fubftance,  their  belief,  though  erroneous, 
would  be  a fufficient  foundation  for  our  author’s  reafon- 
ing : but  cf  this  no  proof  is  attempted,  and  certainly 
none  that  is  fatisfadfory  could  be  brought. 

Our  learned  author,  indeed,  takes  much  for  granted 
without  proof.  He  has  not  proved,  that  anywheie 
the  bull  was  the  emblem  or  hieroglyphic  of  fre,  the 
lion  of  light,  or  the  eagle  cf  air.  We  do  not,  it  muft 
be  owned,  know  that  luch  hieroglyphics  were  not  uled 
in  Egypt  and  other  countries  before  the  introdudion 
of  alphabetical  charaders  ; but  unlefs  they  were  fo  ufed 
by  Adam,  all  that  is  here  faid  of  propriety  cf  thefe 
emblems  muft  go  for  nothing  : Indeed  we  fee  not  their 
peculiar  propriety.  The  tawny  colour.  Rowing  mane, 
and  fiercenefs  of  the  lion,  might,  for  any  thing  that 
we  can  perceive  to  the  contrary,  reprefent  fre  as  fitly 
as  the  horns,  curling  hair,  and  fury  of  the  bull ; and  if 
it  be  true,  as  is  generally  faid,  that  the  eagle  can  look 
fteadily  on  the  fun,  he  feems,  of  all  the  three,  to  be 
the  fitted  emblem  of  light. 

But  there  are  other  objedions  to  this  interpretation 
of  the  word  cherubim.  The  four  animals  In  the  Revela- 
tion, which  were  undoubtedly  cherubim,  as  well  as  the 
four  and  twenty  elders,  fell  down  before  the  Lamb, 
and  worftiipped  God.*  Now,  fays  Dr  Gregory  Sharp,  * Ch.  v.  8. 
“ it  is  fcarce  to  be  conceived,  if  thefe  four  hearts  were  re-  4- 
prefentatives  of  the  divine  perfons,  that  they  could  with 
any  propriety,  or  without  the  greateft  folecifm,  be  faid 
and  deferibed  to  fall  down  before  and  worfhip  other 
emblematical  reprefentations  of  the  fame  divine  nature 
and  perfedions ; And  therefore,  whatever  thefe  hearts 
were  emblems  of,  they  could  not  be  cherubim  in  Mr 
Hutchinfon’s  fenfe  of  that  word  ; it  being  as  contrary 
to  the  rational  explanation  of  a vifion  to  fay  that  one 
emblem  of  the  divinity  fhould  worfhip  another  emblem 
of  it,  as  it  is  contrary  to  the  reafon  of  mankind,  and  to 
all  our  notions  either  of  the  Godhead  or  of  worfhip,  to 
fay  that  the  Trinity  worfhipped  the  Trinity,  or  any 
one  Perfon  in  the  Trinity.” 

This  objedion  is  admitted  by  our  learned  author  to 
be  a very  plaufible  one.  To  us  it  appears  unanfwerable. 

He  anfwers  it,  however,  in  the  following  words : 

“ Let  it  be  carefully  obferved,  that  thefe  reprefenta- 
tions in  Rev.  ch.  v.  and  xix.  are  not  only  vifional  but  hi- 
eroglyphical,  and  therefore  muft  be  explained  according 
to  the  analegy  of  fueh  emblematical  exhibitions ; and 
as  at  ver.  6.  ‘ the  lamb,  as  it  had  been  Rain,  having 
feven  horns  and  feven  eyes,  ftanding  in  the  mid  ft  of  the 
throne,  and  of  the  four  animals,  and  of  the  four-and- 
twenty  elders,’  is  evidently  fymbolical  of  the  Lamb  of 
God  now  raifed  from  the  dead,  and  Inverted  with  all 
knowledge  and  power  both  in  heaven  and  in  earth ; 
fo  ‘ the  four  animals  falling  down  before  him’  (ver.  8.), 
and,  as  it  is  expreffed  (ch.  xix.  4.)  ‘ worfhipping  God 
who  fat  upon  the  throne,’  muft,  in  all  reafon,  be  ex- 
plained fymbolically  likewife,  not  from  any  abftradl  or 
metaphyfical  notions  we  may  have  framed  to  ourl’elves 
of  worfhip  in  general,  but  from  the  fpecific  and  pe- 
culiar circumftances  of  the  cafe  before  us.  Thus 
likewife,  when  in  i Chron.  xxix.  20.  ‘ All  the  con- 
gregation worfhipped  Jehovah  and  the  king,  namely 
David,  the  worfhip  to  both  is  e.xpreffed  by  the  fame 
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flrong  phrafe — proflrated  themfelves  to,  LXX.  excellent  crabs  and  oyfters.  It  is  the  refort  of  fwans,  Cheefi  1 

Trpcc-fXLvus-av  •,  yct  fiirely  no  one  will  fay  that  the  people  but  is  more  particularly  remarkable  for  a fpecies  of  dawd  mi  ® 

meant  to  worlhip  David  as  God,  but  only  to  acknow-  wild  duck,  called  canva^ack,  whcfe  flefh  is  entirely  free  II 
ledge  him  as  king.  So  Adonijah,.  who  had  comefted  from  any  fifhy  tafle,  and  is  admired  by  epicures,  for  I 

the  crown  with  Solomon,  came,  inni7’'i  and  worfhipped  its  richnefs  and  delicacy.  In  a commercial  point  of 

King  Solomon,  (i  Kings  i.  53.)  not  as  God  doubt-  view,  this  bay  is  of  immenfe  advantage  to  the  neigh-  1 ^ 

lefs,  but  as  king,  thereby  furrendering  his  owm  claim  to  boring  dates,  particularly  to  Virginia.  Of  that  date  | 

the  throne.  However  “ contrary  therefore  it  may  be  it  has  been  obferved,  wnth  fome  little  exaggeration,  ^ * 

to  the  reafon  of  mankind,  and  to  all  our  notions  either  however,  that  “ every  planter  has  a river  at  his  door,”  | ’ 

of  the  Godhead  or  of  worlhip,.  to  fay  that  the  Trinity  — Morse.  j ' 

wcifhipped  the  Trinity,  or  any  one  Perfon  of  the  Tri-  CHEESADAWD  Lah,  about  210  miles  N.  E.  by  1 i 

nity,”  i.  e.  with  divine  worlhip  as  a creature  wordnps  E.  of  the  Canadian  houfe,  on  the  E.  end  of  Slave  lake,  I < 

his  Creator  ; yet  it  is  by  no  means  contrary  to  the  ra-  in  the  Hudfon  bay  company’s  territory ; is  about  35  J 

tional  and  Icriptural  explanation  of  an  emblematic  vi-  miles  in  length  and  the  fame  in  breadth.  Its  vvedern  I 

fion,  to  fay  that  the  hieroglyphical  emblems  of  the  fliore  is  mountainous  and  rocky. — ib.  I 

whole  ever-blelfed  Trinity  fell  down  and  worfliipped  CHESHIRE  Co.  in  New-Hamplhlre,  lies  in  the  S. 
the  hieroglyphical  emblem  of  the  God-man,  or  God  W.  part  of  the  date,  on  the  E.  bank  of  Connedlicut 
who  fat  upon  the  throne.  Since  fuch  falling  down,  river.  It  has  the  date  of  Maffachuretts  on  the  foulh, 
prodi  ation,  or  vvoi  Ihipping,  was  the  ufual  fymbolical  Grafton  co.  on  the  N.  and  Hilllborough  co.  E.  It  has 
ad,  as  it  dill  is  in  the  ealf,  not  only  of  divine  worlhip,  34  tow'ndiips,  of  which  Charledown  and  Keene  are  the 
but  of  acknowledging  the  regal  powder  to  be  in  the  per-  chief,  and  28,772  inhabitants,  including  16  flaves. — ib. 
fon  fo  worfliipped  ; and  ihel'e  ads  of  the  cherubic  ani-  Cheshire,  a townfhip  in  Berklhire  co.  Malfachufetts  ; 
mals  in  Rev.  v.  6,  xix.  4.  meant  nothing  more  than  famous  for  its  good  cheefe  ; 140  miles  N.  wederly  from 
either  a ceffion  of  the  adminidration  of  all  divine  power  Bodoo. — ib. 

to  Chrid  God-man,  or  a declaration  of  the  divine  Per-  Cheshire,  a townfliip  in  New-Haven  co.  Connedi- 
fons,  by  their  hieroglyphical  reprefentatives,  that  He  cut,  15  miles  N.  of  New-Haven  city,  and  26  S.  W.  of 
mud  reign  till  all  his  enemies  were  made  his  footdool.  Hartford.  It  contains  an  Epifcopal  church  and  acade- 
Comp.  Mat.  xxviii,  18.  i Cor.  xv.  25.”  my,  and  3 Congregational  churches. 

With  every  inclination  to  honour  the  memory  of  Mr  CHESNUT  Hill,  a town  in  Northampton  county 
Parkhurd,  who  wms  certainly  a fcholar,  and,  w'hich  is  Pennfylvania,  ten  miles  from  Philadelphia  and  two  from 
of  more  value,  a pious  and  a good  man,  vve  cannot  help  Germantown,  a fine  elevated  and  healthy  fituation, 
confidering  this  anfwer  as  mere  trifling.  In  the  i8th  commanding  an  extenfive  and  delightful  profped  of 
Pfalm,  the  Lord  is  faid  to  “ ride  upon  a cherub  the  capital  and  the  furrounding  country, 
and  in  Evtekiel,  chap.  i.  there  is  faid  to  have  “been  Chesnut  if/7/,  a townfhip  in  Northampton  co.  Penn- 
over  the  heads  of  the  cherubim  a throne,  and  upon  that  fylvania. — ib. 

throne  thelikenefs  or  appearance  of  a man,'”  whom  we  Chesnut  Creek,  a branch  of  the  Great  Kanhaway,  . 

take  to  be  the  Son  of  God  incarnate.  But  is  there  in  Virginia,  where  it  erodes  the  Carolina  line.  Here, 
any  country  in  wTich  the  regal  power  of  the  fovereign  it  is  faid,  are  iron  mines. — ib. 

is  acknowledged  by  his  riding,  not  upon  his  fubjedts,  Chesnut  Part  of  the  Alleghany  mountains, 

but  upon  other  co-equal  fovereigns  ? or,  in  which  it  is  in  Pennfylvania,  are  tlius  called,  S.  eaftwardof  Greenf- 
the  cuftem  for  the  fovereign  to  place  his  viceroy  (for  borough, — ib.  \ 

fuch  our  Saviour  in  his  human  nature  certainly  is)  in  his  CHESS,  the  celebrated  game,  of  which  a copious 
throne  above  himfelf  ? account  has  been  given  in  the  Encyclopaedia,  is  affirm- 

We  niufl:  therefore  confefs,  that  we  know  not  of  ed  by  Sir  William  Jones  to  have  been  invented  by  the  , 

what  the  cherubic  figures  were  emblematical,  and  that  Hindoos.  If  evidence  were  required  to  prove  this  ■ 

he  who  labours  to  eftablilh  the  dodlrine  of  the  ever  fadt  (fays  he*),  we  may  be  fatisfied  with  the  telkimo- * AfiatUR . d 
blefled  Trinity  by  fuch  criticifms  and  reafonings  as  thofe  ny  of  the  Perfians,  who,  though  as  much  inclined  as  fcarches,'H\  \ 

which  we  have  examined,  is  either  a fecret  enemy  to  other  nations  to  appropriate  the  ingenious  inventions  of  Mem.'  r 

that  dodirine,  or  a very  injudicious  friend.  a foreign  people,  unanimoufly  agree  that  the  game  was 

CHESAPE  AK,  is  one  of  the  larged  and  fafeft  bays  imported  from  the  weft  of  India  in  the  fixth  century  of 

in  the  United  States.  Its  entrance  is  nearly  E.  N.  E.  our  era.  It  feems  to  have  been  immemorially  known 

and  S,  S.  W.  between  Cape  Charles,  lat.  37.  12.  and  in  Hindojlan  by  the  name  of  Cheturanga,  i.  e.  the  four 
Cape  Henry,  lat.  37.  in  Virginia,  12  miles  wide,  and  angd’s,  or  members  of  an  army;  which  are  thefe,  ele-  \ 

it  extends  270  miles  to  the  northward,  dividing  Vir-  phants,  horfes,  chariots,  and  foot-foldiers  ; and  in  this 
ginia  and  Maryland.  It  is  from  7 to  18  miles  broad,  lenfethe  word  is  frequently  ufed  by  epic  poets  in  their 

and  generally  as  much  as  9 fathoms  deep;  affording  deferiptions  of  real  armies.  By  a natural  corruption  of 

many  commodious  harbors,  and  a fafe  and  eafy  na-  the  pure  Sanferit  word,  it  was  changed  by  the  old  Per- 
vigation.  It  has  many  fertile  iflands,  and  thefe  are  fians  into  Chetrang ; but  the  Arabs,  who  foon  after 
generally  along  the  E.  fide  of  the  bay,  except  a few  took  pofiefiion  of  their  country  had  neither  the  initial 
folitary  ones  near  the  weftern  fhore.  A number  of  nor  final  letter  of  that  word  in  their  alphabet,  and  con- 

navigable  rivers  and  other  ftreams  empty  into  it,  the  fequently  altered  it  further  into  Shetranj,  which  found  . 

chief  of  which  are  Sufquehanna,  Patapfeo,  Patuxent,  its  way  prefently  into  the  modern  Perftan,  and  at  length 

Potowmack,  Rappahannock,  and  York,  which  are  all  into  the  dialefts  of  India,  where  the  true  derivation  of  j 

large  and  navigable.  Chefapeak  bay  affords  many  the  name  is  known  only  to  the  learned.  Thus  has  a 

excellent  fiftieries  of  herring  and  (had.  There  are  alfo  very  fignificant  word  in  the  facred  language  of  the  j 

Brahmins 


CHE  [ 459  ] CHE 


Brahmins  been  transformed  by  facccflive  changes  into 
axedre%i  fcacchi,  echcesy  chefs,  and  by  a whimfical  con- 
currence of  circumftances,  has  given  birth  to  the  Eng- 
lilh  word  check,  and  even  a name  to  the  exchequer  of 
Great  Britain.” 

" It  is  confidently  afferted,  that  Sanfcrit  books  on  chefs 
exift  in  Bengal ; but  Sir  William  had  feen  none  of  them 
when  he  wrote  the  memoir  which  we  have  quoted . He 
exhibits,  however,  a defcription  of  a very  ancient  Indian 
game  of  the  fame  kind,  but  more  complex,  and  in  his 
opinion,  more  modern  than  the  fimple  chefs  of  the  Per- 
'ftans.  This  game  is  alfo  called  Chaturasiga,  but  more 
frequently  Chaturaji,  or  the  four  kings,  fince  it  is  played 
by  four  perfons  reprefenting  as  many  princes,  two  allied 
• armies  combating  on  each  fide.  The  defcription  is  ta- 
ken from  a book  called  Bhaivifhya  Purdn ; in  which  the 
form  and  principal  rules  of  this  faftitious  warfare  are 
thus  laid  down  : “ Eight  fquares  being  marked  on  all 
fides,  the  red  army  is  to  be  placed  to  the  eaft,  the  green 
to  the  fouth,  the  yellow  to  the  weft,  and  the  black  to  the 
north.  Let  the  elephant  {fays  the  author  of  the  Purdn) 
ftand  on  the  left  of  the  king  ; next  to  him  the  horfe ; 
then  the  boat ; and  before  them  all  four  footfoldicrs  ; 
but  the  boat  muft  be  placed  in  the  angle  of  the  board.” 
“ From  this  paffage  (fays  the  prefident)  it  clearly 
appears  that  an  army  with  its  four  angds  muft  be  pla- 
ced on  each  fide  of  the  board,  fince  an  elephant  could 
not  ftand,  in  any  other  pofition,  on  the  left  hand  of  each 
king  ; znd  Radhacant  (a  pandit)  informed  me,  that 
the  board  confifted,like  ours,  of  64  fquares,  half  of  them 
occupied  by  the  forces,  and  half  vacant.  He  added, 
that  this  game  is  mentioned  in  the  oldeft  law  books, 
and  that  it  was  invented  by  the  wife  of  a king,  to  amufe 
him  with  an  image  of  war,  while  his  metropolis  was  be- 
fieged  in  the  fecond  age  of  the  world.  A Jlhp  or  boat 
is  abfurdly  fubftituted,  we  fee,  in  this  complex  game  for 
the  rat’b,  or  armed  chariot,  which  the  Bengalefe  pro- 
nounce rodh,  and  which  the  Perfians  changed  into  rokh', 
whence  came  the  rook  of  fome  European  nations  ; as 
the  vierge -axid  fal  of  the  French  are  fuppofed  to  be  cor- 
ruptions of  fetes,  and  fil,  the  prime  minifler  and  elephant 
of  the  Perfians  and  Arabs.” 

As  fortune  is  fuppofed  to  have  a great  fhare  in  de- 
ciding the  fate  of  a battle,  the  ufe  of  dice  is  introduced 
into  this  game  to  regulate  its  moves  ; for  (fays  the  Pu- 
ran)  “ if  cinque  be  thrown,  the  king  or  a pawn  muft  be 
moved;  if  quatre,  fho  elephant ; if  trots,  xho  horfe  ; and 
\f  deux,  thtboat.  The  king  paffes  freely  on  all  fides, 
but  over  one  fquare  only  ; and  with  the  fame  limitation 
the  pawn  moves,  but  he  advances  ftraight  forward,  and 
kills  his  enemy  through  an  angle.  The  elephant  marches 
in  all  diredfions  as  far  as  his  driver  pleafes;  the  horfe 
runs  obliquely,  traverfing  the  fquares  ; and  the  fip 
goes  over  two  fquares  diagonally.”  The  elephant,  we 
find,  has  the  powers  of  our  queen,  as  we  are  plealed  to 
call  the  general  or  minifler  of  the  Perfians  ; and  the  fip 
has  the  motion  of  the  piece,  to  which  we  give  the  unac- 
countable appellation  of  bifop,  but  v/ith  a reftridion 
which  muft  greatly  leffen  its  value. 

In  the  Purdn  are  next  exhibited  a few  general  rules 
and  fuperficial  diredions  for  the  condud  of  the  game. 
Thus,  “ the  pawns  and  the  fip  both  kill  and  may  be 
voluntarily  killed  ; while  the  ling,  the  elephant,  and  the 
horfe  may  flay  the  foe,  but  muft  not  expofe  themfelves 
to  be  flain.  Let  each  player  prefeive  his  own  forces 


with  extreme  care,  fecuiinghis  king  •sdaovo  all,  and  not 
facrificing  a fuperior  to  keep  an  inferior  piece.”  Here 
(fays  the  Prefident)  the  commentator  on  the  Purdn  ob- 
ferves,  that  the  horfe,  who  has  the  choice  of  eight  moves 
from  any  central  pofition  muft  be  preferred  tot  he  fip, 
which  has  only  the  choice  of four.  But  the  argument 
W'ould  not  hold  in  the  common  game,  where  the  bi[hop 
and  tower  command  a whole  line,  and  w’here  a knight  is 
alw'ays  of  lefs  value  than  a tower  in  adion,  or  the  bi- 
fiiop  of  that  fide  on  which  the  attack  is  begun.  “ It 
is  by  the  overbearing  power  of  the  elephant,  (continues 
the  Purdn)  that  the  king  fights  boldly  ; let  the  whole 
army,  therefore,  be  abandoned,  in  order  to  fecure  the 
elephant.  The  king  muft  never  place  one  elephant  be- 
fore another,  unlefs  he  be  compelled  by  want  of  room, 
for  he  would  commit  a dangerous  fault ; and  if  he 
can  flay  one  of  two  hoftile  elephants,  he  muft  deftroy 
that  on  his  left  hand.” 

All  that  remains  of  the  paffage  w'hich  was  copied  for 
Sir  William  Jones  relates  to  the  feveral  modes  in  which 
a partial  fuccefs  or  complete  vidory  may  be  obtained 
by  any  one  of  the  four  players;  for,  as  in  a difpute  be- 
tween two  allies,  one  of  the  kings  may  fometimes  af- 
fume  the  command  of  all  the  forces,  and  aim  at  a fepa- 
rateconqueft.  Firft,  “ When  any  one  king  has  placed 
himfelf  on  the  fquare  of  another  king  (which  advantage 
is  called  finhafana  or  the  throne)  he  wins  a ftake,  which 
is  doubled  if  he  kill  the  adverfe  monarch  when  he  feizes 
his  place  ; and  if  he  can  feat  himfelf  on  the  throne  of 
his  ally,  he  takes  the  command  of  the  whole  army.” 
Secondly,  “ It  he  can  occupy  fucceftively  the  thrones 
of  all  the  three  princes,  he  obtains  the  vidory,  which  is 
named  cheturafi ; and  the  ftake  is  doubled  if  he  kill  the 
laft  of  the  three,  juft  before  he  takes  pofleflion  of  his 
throne  ; but  if  he  kill  him  on  his  throne,  the  ftake  is 
quadrupled.  Both  in  giving  xhtfinhafana  and  the  chc- 
turaji  the  king  muft  be  fupported  by  the  elephants,  or 
by  all  the  forces  united.”  Thirdly,  “ When  one  player 
has  his  own  king  on  the  board,  but  the  king  of  his 
partner  has  been  taken,  he  may  replace  his  captive  ally, 
if  he  can  feize  both  the  adverfe  kings  ; or,  if  he  cannot 
effed  their  capture,  he  may  exchange  his  king  for  one 
of  them  again!!  the  general  rule,  and  thus  redeem  the 
allied  prince,  who  will  fupply  his  place.”  This  advan- 
tage has  the  name  of  nripacrifta  or  recovered  by  the 
king.  Fourthly,  “ If  -a pawn  can  march  to  any  fquare, 
on  the  oppofite  extremity  of  the  board,  except  that  of 
the  king  or  that  of  the  ftiip,  he  alTumes  whatever 
power  belonged  to  that  fquare.”  Here  we  find  the 
rule,  with  a flight  exception,  concerning  the  advance- 
ment of  which  often  occafions  a moft  intereft- 

ing  ftruggle  at  our  common  chefs;  but  it  appears  that, 
in  the  opinion  of  one  ancient  writer  on  the  Indian 
game,  this  privilege  is  not  allowable  w'hen  a player  has 
three  pawns  on  the  board  ; but  when  only  one  pawn 
and  one  fliip  remains,  the  pawn  may  advance  even  to 
the  fquare  of  a king  or  a fliip,  and  alTume  the  power  of 
either.  Fifthly,  According  to  the  people  of  Lance, 
where  the  game  was  invented,  “there  could  be  neither 
vidory  or  defeat,  if  a king  were  left  on  the  plain  with- 
out force  ; a fituation  which  they  named  cacacaflod  had'* 
Sixthly,  “ If  three  fhips  happen  to  meet,  and  the  fourth 
fliip  can  be  brought  up  to  them  in  the  remaining  angle, 
this  has  the  name  of  vrihannauca  ; and  the  player  of 
the  fourth  feizes  all  the  others.” 


Chefs. 


The 
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The  account  of  this  game  in  the  original  Sani'crit  is  Chester  Co.  in  Pennfylvania,  W.  of  Delaware  co.  Chei 
in  verfe,  and  there  are  two  or  three  couplets  flill  remain-  and  S.  W.  of  Philadelphia  ; about  45  miles  in  length,  il 
ing,  fo  very  dark,  either  from  an  error  m the  manu-  and  30  in  breadth.  It  contains  33  townftiips,  of  which 
fcript,  or  from  the  antiquity  of  the  language,  that  Sir  Welt-Chefter  is  the  (hire-town,  and  27,937  inhabitants, 
William  Jones  could  not  underhand  the  expla-  of  whom  145  kre  haves.  Iron  ore  is  found  in  the 

nation  of  them,  and  fufpects,  that  even  to  him,  they  northern  parts,  wdiich  employs  6 forges.  Thefe  ma- 
gave  very  indiftinil  ideas.  It  would  be  eafy,  how'ever,  nufailure  about  1000  tons  of  bar  iron  annually. — ih. 
bethinks,  if  it  be  judged  worth  while,  to  play  at  the  Chester  Courl-Houft;,  in  S.  Carolina,  22  miles  S. 
game  by  the  preceding  rules,  and  a little  pracSice  would  of  Pinckney  court-houfe,  and  58  N.  W.  of  Columbia, 
perhaps  make  the  whole  intelligible.  A poft  office  is  kept  here, — li. 

CHESTER,  a townfhip  in  Lunenburg  co.  Nova-  Chester  Rivers  a navigable  water  of  the  eaftern 
Scotia,  on  Mahone  bay,  fettled  originally  by  a few  fa-  (bore  of  Maryland,  which  rifes  two  miles  within  the  line 
milies  from  New-England.  From  hence  to  Windfor  is  of  Delaware  (late,  by  two  fources,  Cyprus  and  Ando- 
a road,  the  diftance  of  25  miles. — Morse.  ver  creeks,  which  unite  at  Bridgetown;  runs  nearly  S. 

Chester  a fmall  plantation  in  Lincoln  co.  Maine,  9 weftward  ; after  paffing  Chefter  it  runs  S.  nearly  3 
miles  from  Titcomb.  It  has  8 or  9 families. — ih.  miles,  when  it  receives  S.  E.  creek,  and  15  miles  far- 
Chester,  a townfnip  in  Hampfliire  co.  Maffachu-  ther,  in  a S.  W.  direftion,  it  empties  into  Chefapeak 
fetrs,  adjoining  Weftfield  on  the  E.  and  about  20  miles  bay,  at  Love  point.  It  forms  an  ifland  at  its  mouth, 

N.  W.  of  Springfield.  It  contains  177  houfes,  and  and  by  a channel  on  the  E.  fide  of  Kent  Ifland  com- 
II 19  inhabitants. — ih.  municates  with  Eaftern  bay.  It  is  propofed  to  cut  a 

Chester,  a large,  pleafant,  and  elevated  townfhip  canal,  about  ii  miles  long,  from  Andover  creek^a 
in  Rockingham  co.  New-Hampfhire.  It  is  21  miles  in  mile  and  an  half  from  Bridgetown,  to  Saliftiury,  on 
length;  and  on  the  W.  fide  is  a pretty  large  lake,  which  Upper  Duck  creek,  which  falls  into  Delaware  at 
fends  its  waters  to  Merrimack  River.  It  was  incorpo-  Hook  ifland. — ib. 

rated  in  1,722,  and  contains  1902  inhabitants,  who  are  Chester,  a fmall  town  in  Shannandoah  co.  Virginia, 
chiefly  farmers.  It  is  lituated  on  the  E.  fide  of  Merri-  fituated  on  the  point  of  land  formed  by  the  jundion  of 
mack  River,  14  miles  N.  W.  of  Haverhill,  as  far  W.  Allen’s  or  North  River  and  South  River  which  form 
of  Exeter,  30  W.  by  S,  of  Portfmouth,  6 northerly  of  the  Shannandoah;  16  miles  S.  by  W.  of  Winchefter. 
Londonderry,  and  306  from  Philadelphia.  From  the  N.  lat.  39.  2.  W.  long.  78.  22. — ib. 
corcpad  part  of  this  town  there  is  a gentle  defcent  to  Chester  Co.  in  Pinckney  diftrifl,  S.  Carolina,  lies 
the  lea,  which,  in  a clear  day,  may  be  feen  from  in  the  S.  E.  corner  of  the  diltrlcft,  on  Wateree  River 
thence.  It  is  a poft  town,  and  contains  about  60  houfes  and  contains  6866  inhabitants  ; of  whom  5866  are 
and  a Congregational  church.  whites,  and  938  (laves.  It  fends  two  reprefentatives, 

Rattlefnake  hill,  in  this  town(hip,  is  a great  curiofi-  but  no  fenator,  to  the  ftate  legiflature. — ih. 
ty:  it  is  half  a mile  in  diameter,  of  a circular  form,  Chester,  a town  in  Cumberland  co.  Virginia,  fitu- 
and  400  feet  high.  On  the  S.  fide,  10  yards  from  ated  on  the  S.  W.  bank  of  James  River,  15  miles  N.  of 
its  bale,  is  the  entrance  of  a cave,  called  the  Devil’s  Blandford,  and  6 S.  of  Richmond. — ib. 

Den,  which  is  a room  15  or  20  feet  fquare,  and  4 feet  CHESTERFIELD,  a town(hlp  in  Hamp(hlre  co. 
high,  floored  and  circled  by  a regular  rock,  from  the  MalTachufetts,  14  miles  W.  of  Northampton.  It  con- 
upper  part  of  which  are  dependent  many  excrefcences,  tains  180  houfes,  and  1183  inhabitants, 
nearly  in  the  form  and  fize  of  a pear,  which,  when  Chesterfield,  a townihip  in  Chefliire  co.  New- 
approached  by  a torch,  throw  out  a fparkling  luftre  of  Hampffiire,  on  the  E.  bank  of  ConneiHcut  River, 
almoft  every  hue.  It  is  a cold,  dreary  place,  of  which  having  Weftmoreland  N.  and  Hinfdale  S.  It  was  in- 
many  frightful  dories  are  told  by  thofe  who  delight  in  corporated  in  1752,  and  contains  1905  inhabitants.  It 
the  marvellous. — ih.  lies  about  25  miles  S.  by  W.  of  Charleftown,  and  about 

Chester,  a townfhip  in  Windfor  co.  Vermont,  W.  90  or  100  W.  of  Portfmouth.  About  the  year  1730, 
of  Springfield,  and  1 1 miles  W.  by  S.  of  Charleftown,  the  garrifon  of  fort  Dummer  was  alarmed  with  frequent 
in  New-Hamplhire,  and  contains  981  inhabitants. — ih.  explofions  and  with  columns  of  fire  and  fmoke  emitted 
Chester,  a borough  and  poft  town  in  Pennfylvania,  from  Weft  river  mountain,  in  this  townihip,  and  4 
and  the  capital  of  Delaware  co.  pleafancly  fituated  on  miles  diftant  from  that  fort.  The  like  appearances 
the  AV.  fide  of  Delaware  River  near  Marcus  Hook,  have  been  obferved  at  various  times  fince ; particularly 
and  13  miles  N.  E.  of  Wilmington.  It  contains  about  one  In  1752,  was  the  moft  fevere  of  any.  There  are 
60  houfes,  built  on  a regular  plan,  a court-houfe  and  a two  places,  where  the  rocks  bear  marks  of  having  been 
gaol.  From  Chefter  to  Philadelphia  is  20  miles  by  heated  and  calcined. — ib. 

water,  and  15  N.  E.  by  land  ; here  the  river  is  narrow-  Chesterfield  Co.  in  S.  Carolina,  is  in  Cheraws 
ed  by  iflands  of  raarih,  which  are  generally  banked,  dlftrift,  on  the  N.  Carolina  line.  It  is  about  30  miles 
and  turned  into  rich  and  immenfely  valuable  meadows,  long,  and  29  broad. — ib. 

The  firft  colonial  alTembly  was  convened  here,  the  4th  Chesterfield  Co.  in  Virginia,  is  between  James 
of  December,  1682.  The  place  affords  genteel  inns  and  Appamatox  rivers.  It  is  about  30  miles  long,  and 
and  good  entertainment,  and  is  the  refort  of  much  25  broad;  and  contains  14,214  inhabitants,  including 
company  from  the  metropolis,  during  the  fummer  fea-  7487  flaves. — ib. 

fon.  It  was  incorporated  in  December,  1795,  and  is  Chesterfield ////(f?,  on  the  W.  fide  of  Hudfon  bay, 
governed  by  2 burgeffes,  a conftable,  a town-clerk,  in  New  South  Wales,  upwards  of  200  miles  in  length, 
and  3 affiftants ; whofe  power  is  limited  to  preferve  the  and  from  10  to  30  in  breadth — full  of  iflands. — ib. 
peace  and  order  of  the  place. — ib-  CHESTERTOWN,  a poft  town  and  the  capital  of 
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Chimney. 


apprehended,  had  almoft  happened  at  Beneventum, 
when  the  landlord  who  entertained  M^cenas  and  his 
company  was  making  a ftrong  fire  in  order  to  get 
fome  birds  fooner  roalled. 


ubi  fednlus  hofpes 


f Herat. 
lib.  i.  fat.  5. 


‘ Pxne  at  lit,  macros  dnm  ttirdos  verfat  in  igne  ; 
^N^m  vaga  per  veterem  dilapfo  flamma  culinam 
‘ Vulcano  fummum  properabat  lambere  tedum  -j-.’ 


* Francifci 
JHarii  Gra- 
paldi  de  par- 
tibus  tedium 
libri. 


* Plutarch. 
Sympof. 

lib.  vi.  7. 
p.  692. 
y ./S'/.  Lam 
prid.  Vita 
Hdiogab. 
cap.  31. 


Had  there  been  chimneys  in  the  Roman  houfes,  Vitru- 
vius certainly  would  not  have  failed  to  defcribe  their 
condruction,  which  isfometimes  attended  with  confider- 
able  difficulties,  and  which  is  intimately  connedfed  with 
the  regulation  of  the  plan  of  the  whole  edifice.  He 
does  not,  however,  fay  a word  on  this  fubjedt ; neither 
does  Julius  Pollux,  who  has  colledted  with  great  care 
the  Greek  names  of  every  part  of  a dwelling-houfe  ; 
and  Grapaldus,  who  in  later  times  made  a colledlion 
of  the  Latin  terms,  has  not  given  a Latin  word  ex- 
preffive  of  a modern  chimney.”* 

Our  author  admits  the  derivation  of  the  word  chim- 
ney to  be  as  we  have  given  it  in  the  Encycloptedia  ; but 
(fays  he)  “ Cammus  fignified,  as  far  as  I have  been  able 
to  learn,  firfi;  a chemical  or  metallurgic  furnace,  in 
which  a crucible  was  placed  for  melting  and  refining 
metals  ; fecondly,  a fmith’s  forge ; and  thirdly,  a 
hearth  on  'W'hich  portable  (loves  or  fire-pans  were  placed 
for  warming  the  apartment.  In  all  thefe,  however, 
there  appears  no  trace  of  a chimney.”  Herodotus  re- 
lates (lib.  viii.  c.  137.),  that  a king  of  Libya,  when 
one  of  his  fervants  afked  for  his  wages,  offered  him 
in  jeft  the  fun,  which  at  that  time  flione  into  the  houfe 
through  an  opening  in  the  roof,  under  which  the  fire 
was  perhaps  made  in  the  middle  of  the  edifice.  If  fuch 
a hole  muil  be  called  a chimney,  our  author  admits  that 
chimneys  were  in  ufe  among  the  ancients,  efpecially  in 
their  kitchens;  but  it  is  obvious  that  fuch  chimneys 
bore  no  refemblance  to  ours,  through  which  the  fun 
could  not  dart  his  rays  upon  the  floor  of  any  apartment. 

However  imperfedl  may  be  the  information  which 
can  be  colledted  from  the  Greek  and  Roman  authors  re- 
fpedting  the  manner  in  which  the  ancients  warmed  their 
apartments,  it  neverthelefs  (hews  that  they  commonly 
ufed  for  that  purpofe  a large  fire-pan  or  portable  (love, 
in  which  they  kindled  wood,  and,  when  the  wood  was 
w'ell  lighted,  carried  it  into  the  room,  or  which  they 
filled  with  burning  coals.  When  Alexander  the  Great 
was  entertained  by  a friend  in  winter,  as  the  weather 
v/as  cold  and  raw,  a fmall  fire  bafon  was  brought  into 
the  apartment  to  warm  it.  The  prince  obferving  the 
fize  of  the  velfel,  and  that  it  contained  only  a few  coals, 
defined  his  hoft,  in  a jeering  manner,  to  bring  more 
wood  or  frankincenfe  ; giving  him  thus  to  underlland 
that  the  fire  was  fitter  for  burning  perfumes  than  to 
produce  heat.  Anacharfis,  the  Scythian  philofopher, 
though  difpleafed  with  many  of  the  Grecian  cuftoms, 
praifed  the  Greeks,  however,  becaufe  they  (hut  out  the 
fmoke  and  brought  only  fire  into  their  houfes.*  We 
are  informed  by  Lampridlus,  that  the  extravagant  He- 
liogabulus  caufed  to  be  burned  in  thefe  ftoves,  inllead 
of  v/ood,  Indian  fpiceries  and  coftly  perfumes-]'.  It  is 
alfo  worthy  of  notice,  that  coals  were  found  in  fome 
of  the  apartments  of  Herculaneum,  as  we  are  told  by 
Winklemann,  but  neither  ftoves  nor  chimneys.” 

Jt  is  well  known  to  every  fcholar,  that  the  ufeful  arts 


of  life  were  invented  in  the  eaft,  and  that  the  cuftoms,  Chimi 
manners,  and  lurniture  of  eaftern  nations,  have  remain* 
ed  from  time  immemorial  almoft  unchanged.  In  Per- 
fia,  w'hich  the  late  Sir  William  Jones  feems  to  have  con- 
fidered  as  the  original  country  of  mankind,  the  me- 
thods employed  by  the  inhabitants  for  warming  them- 
felves  have  a great  refemblance  to  thofe  employed  by 
the  ancient  Greeks  and  Romans  for  the  fame  purpofe. 
According  to  De  la  Valle,  the  Perlians  make  fires  in 
their  apartments,  not  in  chimneys  as  we  do,  but  in 
ftoves  in  the  earth,  which  they  call  tennor.  “ Thefe  ftoves 
coniift  of  a fquare  or  round  hole,  two  fpans  or  a little 
more  in  depth,  and  in  fhape  not  unlike  an  Italian  cafk. 

That  this  hole  may  thiow  out  heat  fooner,  and  with 
more  ftrength,  there  is  placed  in  it  an  iron  veffel  of  the 
fame  (ize,  which  is  either  filled  with  burning  coals,  or 
a fire  of  wood  and  other  inflammable  fubftances  is  made 
in  it.  When  this  is  done,  they  place  over  the  hole  or 
ftove  a wooden  top,  like  a fmall  low  table,  and  fpread 
above  it  a large  coverlet  quilted  with  cotton,  which 
hangs  down  on  all  (ides  to  the  floor.  This  covering 
condenfes  the  heat,  and  caufes  it  to  warm  the  whole 
apartment.  The  people  who  eat  or  converfe  there, 
and  fome  who  fleep  in  it,  lie  down  on  the  floor  above 
the  carpet,  and  lean,  with  their  ftioulders  againft  the 
wall,  on  fquare  cufhions,  upon  which  they  fometimes 
alfo  fit ; for  the  tennor  is  conftrudled  in  a place  equally 
diftant  from  the  w'alls  on  both  fideS.  Thofe  who  are 
not  very  cold  only  pat  their  feet  under  the  table  or  co- 
vering ; but  thofe  who  require  more  heat  can  put  theiy 
hands  under  it,  or  creep  under  it  altogether.  By  thefe 
means  the  ftove  diffufes  over  the  whole  body,  without 
caufing  uneafinefs  to  the  head,  fo  penetrating  and 
agreeable  a warmth,  that  I never  in  winter  experienced 
any  thing  more  pleafant.  Thofe,  however,  who  re- 
quire lefs  heat  let  the  coverlet  hang  down  on  their  fide 
to  the  floor,  and  enjoy  without  any  inconvenience  from 
the  ftove  the  moderately  heated  air  of  the  apartment. 

They  have  a method  alfo  of  ftirring  up  or  blowing  the 
fire  when  necelfary,  by  means  of  a fmall  pipe  united 
with  the  tennor  or  ftove  under  the  earth,  and  made  to 
projedl  above  the  floor  as  high  as  one  choofes  ; fo  that 
the  wind,  when  a perfon  blows  into  it,  bccaufe  it  has  no 
other  vent,  adls  immediately  upon  the  fire  like  a pair  of 
bellows.  When  there  is  no  longer  occafion  to  ufe  this 
ftove,  both  holes  are  clofed  up,  that  is  to  fay,  the 
mouth  of  the  ftove  and  that  of  the  pipe  which  conveys 
the  air  to  it,  by  a flat  (lone  made  for  that  purpofe. 
Scarcely  any  appearance  of  them  is  then  to  be  perceiv- 
ed, nor  do  they  occafion  inconvenience,  efpecially  in  a 
country  where  It  is  always  cuftornary  to  cover  the  floor 
with  a carpet,  and  where  the  walls  are  plaftered.  In 
many  parts  thefe  ovens  are  ufed  to  cook  viduals,  by 
placing  kettles  over  them.  They  are  employed  alfo  ta 
bake  bread  ; and  for  this  purpofe  they  are  covered  with 
a large  broad  metal  plate,  on  which  the  cake  is  laid  j 
but  if  the  bread  is  thick  and  requires  more  heat,  it  is 
put  into  the  ftove  Itfelf.”' 

Our  learned  author  having  proved,  to  our  entire  fa- 
tisfadion,  that  chimneys,  fuch  as  we  have  now  in  every 
comfortable  room,  were  unknown  to  the  moftpolfthed 
nations  of  antiquity,  fets  himfelf  to  inquire  into  the  era 
of  their  invention  ; and  the  oldeft  account  of  them 
which  he  finds  is  an  infeription  at  Venice,  which  relates^ 
that  in  the  year  1347  a great  many  chimneys  were 
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wy.  immediately  behind  the  mantle.  It  is  the  wail  which 
forms  the  entrance  from  below  into  the  throat  of  the 
chimney  in  front,  or  towards  the  room.  It  is  oppofite  to 
the  upper  extremity  of  the  back  of  the  open  fire-place, 
and  parallel  to  it;  in  Ihort,  it  may  be  faid  to  be  the 
back  part  of  the  mantle  itfelf. — In  the  figures  i.  and  2. 
it  is  marked  by  the  letter  d.  The  width  of  the  throat 
of  the  chimney  {d  e fig.  i.  and  di  fig.  2.)  is  taken 
from  the  breaft  of  the  chimney  to  the  back,  and  its 
length  is  taken  at  right  angles  to  its  width,  or  in  a line 
parallel  to  the  mantle  (<a;  fig.  i.  and  2.) 

The  bringing  forward  of  the  fire  into  the  room,  or 
rather  bringing  it  nearer  to  the  front  of  the  opening  of 
the  fire-place,  and  the  diminilhing  of  the  throat  of  the 
diimney,  being  two  objedls  principally  had  in  view  in 
the  alterations  in  fire-places  propofed  by  the  Count,  it 
is  evident  that  both  thefe  may  be  attained  merely  by 
bringing  forward  the  back  of  the  chimney.  The  only 
quettion  therefore  is.  How  far  it  flionld  be  brought  for- 
ward ? The  anfwer  is  fhort,  and  eafy  to  be  under- 
ftood  ; bring  -it  forward  as  far  as  poffible,  without  di- 
minifliing  too  much  the  paifage  which  muft  be  left  for 
the  fmoke.  Now  as  this  paffage,  which  in  its  narrow- 
eft  part  he  c?l\\s  ihe  throat  of  the  chitmey,  ought,  for  rea- 
fons  which  have  been  already  explained,  to  be  imme- 
diately, or  perpendicularly  over  the  fire,  it  is  evident 
that  the  back  of  the  chimney  muft  always  be  built  per- 
fedtly  upright.  To  determine,  therefore,  the  place  for 
the  new  back,  nr  how.  far  precifely  it  ought  to  be 
brought  forward,  nothing  more  is  necelTary  than  to  af- 
certain  how  wide  the  thinat  of  the  chimney  ought  to 
be  left,  or  what  fpace  muft  be  left  betw»en  the  top  of 
the  breaft  of  the  chimney  where  the  upright  canal  of 
the  chimney  begins,  and  the  new  back  of  the  'fire-place 
carried  up  perpendicularly  to  that  height. 

Numerous  experiments  have  convinced  the  Count, 
that,  all  circumftances  being  well  confidered,  and  the 
advantages  and  difadvantages  compared  and  balanced, 
four  inches  is  the  beft  widtli  that  can  be  given  to  the 
throat  of  a chimney,  whether  the  fire-place  be  deftined 
to  burn  wood,  coals,  turf,  or  any  other  fuel.  In  very 
large  halls  where  great  fires  are  kept  up,  it  may  fome- 
times,  thougli  very  rarely,  be  proper  to  increafe  this 
width  to  four  inches  and  a half,  or  even  to  five  inches. 

The  next  thing  to  be  confidered  is  the  width  which 
it  will  be  proper  to  give  to  the  back  of  the  chimney ; 
and,  tn  moft  cafes,  this  fhould  be  onc-ihlrd  of  the  width 
of  the  opening  of  the  fire-place  in  front.  It  is  not  in- 
deed abfolutely  neceffary  to  conform  with  rigour  to  this 
decifion,  nor  is  it  always  polfible ; but  it  Ihould  inva- 
riably be  conformed  to  as  far  as  circumftances  will  per- 
mit. Where  a chimney,  fays  the  Count,  is  defigned 
for  warming  a room  of  a middling  fize,  and  where  the 
thicknefs  of  the  wall  of  the  chimney  in  front,  meafured 
from  the  front  of  the  mantle  to  the  breaft  of  the  chim- 
ney, is  nine  inches,  1 fhould  fet  off  four  inches  more  for 
the  width  of  the  throat  of  the  chimney,  which,  fuppo- 
fing  the  back  of  the  chimney  to  be  built  upright,  as  it 
always  ought  to  be,  will  give  thirteen  inches  for  the 
tkpth  of  the  fire-place,  meafured  upon  the  hearth,  from 
the  opening  of  ilie  fire-place  in  front  to  the  back.  In 
this  cafe,  thirteen  inches  would  be  a good  fize  for  the 
width  of  the  back  ; and  three  times  thirteen  inches,  or 
39  inches,  for  the  width  of  the  opening  of  the  fire- 
place in  front  ; and  the  angle  made  by  the  back  of  the 


fire-place  and  the  fides  of  it,  or  covings,  would*  be  juft 
135  degrees,  which  is  the  beft  pofition  they  can  have 
for  throwing  heat  into  the  room.  This  'pofition,  in- 
deed, it  may  fometimes  be  impcftible  to  attain  in  alter- 
ing chimneys  already  built ; but  a deviation  from  it  of 
two  or  three  degrees  will  be  of  no  great  confequence  ; 
for  the  points  of  by  much  the  greateft  importance  in  al- 
tering fire-places  upon  the  principles  here  recommend- 
ed, are  the  bringing  forw'ard  the  back  to  its  proper 
place,  and  making  it  of  the  proper  width. 

Provifion,  however,  muft  be  made  for  the  paflage  of 
the  chimney-iweeper  up  the  chimney;  and  tliis  may 
eafily  be  done  in  the  following  manner  ; In  building 
up  the  new  back  of  the  fire-place ; when  this  wall 
(w’hich  need  never  be  more  than  the  width  of  a fingle 
brick  in  thicknefs)  is  brought  up  fo  high  that  there 
remains  no  more  than  about  ten  or  eleven  inches  be- 
tween what  is  then  the  top  ef  it  and  the  infide  of  the 
mantle,  or  lower  extremity  of  the  breaft  of  the  chim- 
ney, an  opening  or  door-w'ay,  eleven  or  twelve  inches 
w’ide,  muft  be  begun  in  the  middle  of  the  back,  and 
continued  quite  to  the  top  of  it,  which,  according  to 
the  height  to  which  it  will  commonly  be  neceflary  to 
carry  up  the  back,  will  make  the  opening  abundantly 
fufficient  to  let  the  chimney.fweeper  pafs.  When  the 
fire  place  is  finifhed,  this  door-way  is  to  be  clofed  by  a 
tile  or  fit  piece  of  ftone  placed  in  it  without  mortar,  and 
by  means  of  a rabbit  made  in  the  brick-work,  confined 
in  its  place  in  fuch  a manner  as  that  it  may  be  eafily 
removed  when  the  chimney  is  to  be  fwept,  and  re- 
ftored  to  its  place  when  that  work  is  over.  Of  this 
contrivance  the  reader  v/ill  be  able  to  form  a clear  con- 
ception from  fig.  2.  which  reprefents  the  fedlion  of  a 
chimney  after  it  has  been  properly  altered  from  what 
is  exhibited  in  fig.  i.  In  this  Improved  chimney  k / is. 
the  new  back  of  the  fire  place ; / i the  tile  or  ftone 
which  clofes  the  door-way  for  the  chimney.fweeper  ; 
d i the  throat  of  the  chimney  narrowed  to  four  inches 
a the  mantle,  and  h the  ftone  placed  under  the  mantle, 
fuppofed  to  have  been  too  high,  in  order  to  diminifli 
the  height  of  the  opening  of  the  fire-place  in  front. 

It  has  been  obferved  above,  that  the  new  back,  which 
it  will  always  be  found  neceflary  to  build  in  order  to 
bring  the  fire  fufficiently  forward,  in  altering  a chim- 
ney conftrmfted  on  the  common  principles,  need  never 
be  thicker  than  the  width  of  a common  brick.  The 
fame  may  be  faid  of  the  thicknefs  neceflary  to  be  given 
to  the  new  fides  or  covings  of  the  chimney ; or  if  the 
new  back  and  covings  are  conftruded  of  ftone,  one  inch 
and  three  quarters,  or  two  inches  in  thicknefs,  will  be 
fufficient.  Care  fhould  be  taken  in  building  up  thefe 
new  walls  to  unite  the  back  to  the  covings  in  a folid 
manner. 

Whether  the  new  back  and  covings  are  conftrudled 
of  ftone  or  built  of  bricks,  the  fpace  between  them  and 
the  old  back  and  covings  of  the  chimney  ought  to  be 
filled  up  to  give  greater  folidity  to  the  ftrudlure.  This 
may  be  done  with  loofe  rubbifh,  or  pieces  of  broken 
bricks  or  ftones,  provided  the  work  be  ftrengthened  by 
a few'  layers  or  courfes  of  bricks  laid  in  mortar  ; but  it 
will  be  indifpenfably  necelfary  to  finifti  the  work  wffiere 
thefe  new  walls  end,  that  is  to  fay,  at  the  top  of  the 
throat  of  the  chimney,  Avhere  it  ends  abruptly  In  tlie 
open  canal  of  the  chimney,  by  a horizontal  courfe  of 
bricks  w'ell  fecured  with  mortar.  Tliis  courfe  of  bricks 

will 
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will  be  upon  a level  with  the  top  of  the  door-way  left 
for  the  chimney-fweeper ; and  the  void  behind  the 
doorway  nuift  be  covered  with  a horizontal  ftone  or 
tile,  to'be  removed  at  the  fame  time  the  door  is  remov- 
ed, and  for  the  fame  purpofe. 

From  thefe  defcriptions  it  is  clear,  that  vhere  the 
throat  of  the  chimney  has  an  end,  that  is  to  fay,  where 
it  enters  into  the  lower  part  of  the  open  canal  of  the 
chimney,  there  the  three  walls  which  form  the  two  co- 
vings and  the  back  of  the  fire-place  all  end  abruptly. 
It  is  of  much  importance  that  they  fhould  end  in  this 
manner  ; tor  were  they  to  be  floped  outward,  and  rai- 
fed  in  fuch  a manner  as  to  fwell  out  the  upper  extremi- 
ty of  the  throat  of  the  chimney  in  the  form  of  a trum- 
pet, and  increafe  it  by  degrees  to  the  fize  of  the  canal 
of  the  chimney,  this  manner  of  uniting  the  lower  extre- 
mity of  the  canal  of  the  chimney  with  the  throat  would 
tend  to  aflilt  the  winds,  which  may  attempt  to  blow 
down  the  chimney,  in  forcing  their  w'ay  through  the 
throat,  and  throwing  the  fmoke  backward  into  the 
room  ; but  when  the  throat  of  the  chimney  ends  abrupt- 
ly, jind  the  ends  of  the  new  w^ails  form  a flat  horizontal 
lurface,  it  will  be  much  more  difficult  for  any  wind 
from  above  to  find  and  force  its  way  through  the  nar- 
row paffage  of  the  throat  of  the  chimney. 

As  the  two  walls  which  form  the  new  covings  of  the 
chimney  are  not  parallel  to  each  other,  but  inclined, 
prefenting  an  oblique  furface  towards  the  front  of  the 
chimney,  and  as  they  are  built  perfedlly  upright,  and 
quite  flat,  from  the  hearth  to  the  top  of  the  throat, 
where  they  end,  it  is  evident  that  an  horizontal  fedion 
of  the  throat  will  not  be  an  oblong  fquare ; but  its  de- 
viation from  that  form  is  a matter  of  no  confequence  ; 
and  no  attempts  fliould  ever  be  made,  by  twifting  the 
covings  above  where  they  approach  the  breaft.  of  the 
chimney,  to  bring  it  to  that  form.  All  twifts,  bends, 
prominences,  excavations,  and  other  irregularities  of 
form  in  the  covings  of  a chimney,  never  fail  to  produce 
eddies  in  the  current  of  air  which  is  continually  paffing 
into,  and  through,  an  open  fire-place  in  which  a fire  is 
burning  ; and  all  fuch  eddies  difturb  either  the  fire  or 
the  afcending  current  of  fmoke,  or  both  ; and  not  un- 
frequently  caufe  the  fmoke  to  be  thrown  back  into  the 
room.  Hence  it  appears,  that  the  covings  of  chimneys 
Ihould  never  be  made  circular,  or  in  the  form  of  any 
other  curve,  but  always  quite  flat. 

For  the  fame  reafon,  that  is  to  fay,  to  prevent  ed- 
dies, the  bread  of  the  chimney,  which  forms  that  fide 
of  the  throat  that  is  in  front  or  nearefi  to  the  room, 
fhould  be  neatly  cleaned  oflF,  and  its  furface  made  quite 
regular  and  fmooth.  This  may  be  eafily  done  by  co- 
vering it  with  a coat  of  plafter,  which  may  be  made 
thicker  or  thinner  in  different  parts,  as  may  be  neceffa- 
ry  in  order  to  bring  the  breaft  of  the  chimney  to  be  of 
the  proper  form. 

With  regard  to  the  form  of  the  breaft  of  a chimney, 
this  is  a matter  of  very  great  importance,  and  which 
ought  always  to  be  particularly  attended  to.  The 
w'orft  form  it  can  have  is  that  of  a vertical  plane  or  up- 
right flat ; and  next  to  this  the  worft  form  is  an  inclined 
plane.  Both  thefe  forms  caufe  the  current  of  warm  air 
from  the  room,  which  will,  in  fpite  of  every  precaution, 
Ibmetimes  find  its  way  into  the  chimney,  to  crofs  upon 
the  current  of  fmoke  which  rifes  from  the  fire  in  a man- 
ner moft  likely  to  embanafs  it  in  its  afcent,  and  drive 
it  back. 


The  current  of  air  which  paffing  under  the  mantle,  Clri  U 
gets  into  the  chimney,  fhould  be  made  gradually  to  lend 
its  courfe  up^wards  ; by  which  means  it  will  unite  guietly  B 

with  the  afcending  current  of  fmoke,  and  will  be  lefs  a 

likely  to  check  ir,  or  force  it  back  into  the  room.  Now  1 

this  may  be  effeded  with  the  greateft  eafe  and  certain-  ) 

ty,  merely  by  roundit.g  ojf  the  breaft  of  the  chimney  or  ' 

back  part  of  the  mantle,  inftead  of  leaving  it  flat  or  full  I 

of  holes  and  corners  ; and  this  of  cqurfe  ought  always  | 

to  be  dene.  I 

Having  thus  afcertalned  the  form  and  pofition  of  the  I 

new  covings,  the  ingenious  author  next  turns  his  atteu-  ] 

tion  to  the  height  to  which  they  fhould  be  carried.  j 

This  will  depend  not  only  on  the  height  of  the  mantle,  I 

but  alfo,  and  more  efpecially,  on  the  height  of  tlfe  1 

breaft  of  the  chimney,  or  of  that  part  of  the  chimney  i| 

where  the  breaft  ends  and  the  upright  canal  begins. — j| 

The  back  and  covings  mu  ft  rife  a few  inches,  five  or  I 

fix  for  inftance,  higher  than  this  part,  olherwife  the  I 

throat  of  the  chimney  will  not  be  properly  formed  ; I 

but  no  advantage  would  be  gained  by  carrying  them  I 

higher.  I 

One  important  circumftance  refpeding  chimney  fire-  I 

places  ftiil  remains  to  be  confidered  ; and  that  is  the  |j 
grate.  In  placing  the  grate,  the  thing  principally  to 
be  attended  to  is,  to  make  the  back  of  it  coincide  with 
the  back  of  the  fire-place.  But  as  many  of  the  grates 
now  in  common  ufe  will  be  found  to  be  too  large,  when 
the  fire-places  are  altered  and  improved,  it  will  be  ne- 
ceffary  to  diminifli  their  capacities  by  filling  them  up 
at  the  back  and  fides  with  pieces  of  fire-ftone.  When 
this  is  done,  it  is  the  front  of  the  flat  piece  of  fire-ftone 
which  is  made  to  form  a new  back  to  the  grate,  which  i 
muft  be  made  to  coincide  with,  and  make  part  of  the 
back  of  the  fire-place. — But  in  diminlfhing  the  capaci- 
ties of  grates  with  pieces  of  fire-ftone,  care  muft  be  ta-  , 
ken  not  to  make  them  too  narrow. 

The  proper  width  for  grates  deftined  for  rooms  of  a 
middling  fize  vwill  be  from  fix  to  eight  inches,  and  their  | 

length  may  be  diminlfhed  more  or  lefs  according  as  the  I 

room  is  heated  with  more  or  lefs  difficulty,  or  as  the 
weather  is  more  or  lefs  fevere — But  where  the  width 
of  a grate  is  not  more  than  five  inches  it  will  be  very 
difficult  to  prevent  the  fire  from  going  out. 

It  frequently  happens  that  the  iron  backs  of  grates 
are  not  veitical,  or  upright,  but  inclined  backwards  — 

When  thefe  grates  are  fo  much  too  wide  as  to  render 
it  neceffary  to  fill  them  up  behind  with  fire-ftone,  the  i 

inclination  of  the  back  will  be  of  little  confequence  ; ? 

for  by  making  the  piece  of  ftone  with  which  the  w'idth 
of  the  grate  is  to  be  diminifhed  in  the  form  of  a wedge,  ; 

or  thicker  above  than  below,  the  front  of  this  ftone,  j 

which  in  efFeft  will  become  the  back  of  the  grate,  may  | 

be  made  perfectly  vertical ; and  the  iron  back  of  the  ' 

grate  being  hid  in  the  folid  work  of  the  back  of  the  fire- 
place, will  produce  no  effedf  whatever  ; but  if  the  grate 
be  already  fo  narrow  as  not  to  admit  of  any  diminution 
of  its  width,  in  that  cafe  it  will  be  beft  to  takeaway 
the  iron  back  of  the  grate  entirely,  and  fixing  the  grate  ; 
firmly  in  the  brick-wmrk,  caufe  the  back  of  the  fire-  ' 
place  to  ferve  as  a back  to  the  grate.  ; 

Where  grates,  which  are  defigned  for  rooms  of  a 
middling  laze,  are  longer  than  14  or  15  inches,  it  will 
always  be  beft,  not  merely  to  diminifli  their  lengths,  by  | 

filling  them  up  at  their  two  ends  with  fire-ftone,  but,  j 

forming  ; 
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guous  flues  we  know  to  be  lefs  injured  by  this  method 
of  fweeping,  when  cautioufly  gone  about,  than  by  fend- 
ing boys  up  the  chimneys. 

On  the  4th  of  July  1796,  letters  patent  were  grant- 
ed to  Daniel  Davis,  of  the  parifh  of  St  Giles  Middle- 
fex,  for  his  invention  of  a machine,  by  which  he  pro- 
pofes  to  fweep  and  eleanfe  chimneys,  and  extinguirti 
chimneys  on  fire,  without  any  perfon  going  up  the 
fame,  as  is  now  the  praftice.  The  machine  confifts  of 
an  apparatus  of  rack  work,  of  various  lengths,  which, 
by  means  of  a hand-turn,  is  made  to  afeend  the  chim- 
ney. The  lengths  of  the  rack- work  are  joined  toge- 
ther by  means  of  mortifes  and  tenons,  with  a fpring 
which  holds  them  faft.  In  each  length  is  a joint,  by 
which  the  rack-work  will  accommodate  itfelf  to  angles 
or  turns  in  the  flues.  To  the  firft  or  uppermoft  length 
is  affixed  a brufti  of  hair,  or  wire,  or  fpunge,  or  other 
elaftic  fubftance,  as  the  occafion  may  require. 

This  invention  is  doubtlefs  well  calculated  to  anfwer 
the  purpofe  intended,  and  may  perhaps  be  the  means  of 
diminifliing  the  number  of  thofe  objects  of  mifery,  the 
unfortunate  chimney-fweepers. 

CHINA  is  an  empire  of  fuch  antiquity  and  extent, 
the  laws  and  cuftoms  of  the  people  arefo  Angular,  and 
the  populoufnefs  of  the  country  fo  very  great — that  it 
has  attracted  much  of  the  attention  of  Europeans  ever 
fince  it  was  vifited  in  the  13th  century  by  Marco  Paulo 
the  Venetian  traveller.  Of  fuch  a country  it  would  be 
unpardonable  not  to  give  fome  account  in  a work  of 
this  nature  ; but  we  have  not,  in  truth,  much  to  add  to 
what  has  been  faid  of  China  and  the  Chinefe  in  the 
Encyclopaedia.  Since  the  article  China  in  that  work 
was  publifhed,  the  court  of  Pekin  has  indeed  been  vifit- 
ed by  an  embaffy  from  Great  Britain,  and  the  origin 
of  the  people,  as  well  as  the  antiquity  of  their  empire, 
has  been  inveftigated  by  Sir  William  Jones  with  his 
ufual  diligence  ; but  from  his  memoir,  publiflied  in  the 
fecond  volume  of  the  Afiatic  Refearches,  and  from  Sir 
George  Staunton’s  account  of  the  embaffy,  there  is  not 
much  to  be  extracted  which  would  be  either  amufing 
or  inflrudive  to  our  readers. 

We  have  already  obferved,  from  Grofier  and  others, 
that  the  Chinefe  not  only  lay  claim  to  the  higheft  an- 
tiquity, but  even  contend  that  their  firft  emperor  was 
the  firft  man.  Both  thefe  pofitions  are  controverted  by 
Sir  William  Jones,  who,  though  he  allows  the  Chinefe 
empire  to  be  very  ancient  when  compared  with  the 
oldeft  European  ftate,  is  yet  decidedly  of  opinion  that 
it  was  not  founded  at  an  earlier  period  than  the  12th 
century  before  the  Chriftian  era ; and  that  the  people, 
fo  far  from  being  aborigines,  are  a mixed  race  of  Tar- 
tars and  Hindoos.  He  begins  his  inveftigation  with  afk- 
ing,  “ Whence  came  the  Angular  people  who  long  had 
governed  China,  before  they  w'ere  conquered  by  the 
Tartars?  On  this  problem  (fays  hej:)  four  opinions 
have  been  advanced,  and  all  rather  peremptorily  afferted 
than  fupported  by  argument  and  evidence.  By  a few 
writers  it  has  been  urged,  that  the  Chinefe  are  an  origi- 
nal race,  who  have  dwelled  for  ages,  if  not  from  eterni- 
ty, in  the  land  which  they  now  poffefs.  By  others, 
and  chiefly  by  the  miflionaries,  it  is  infifted  that  they 
fprung  from  the  fame  ftock  with  the  Hebrews  and  the 
Arabs.  A third  affertion  is  that  of  the  Arabs  them- 
felves,  and  of  M.  Pauw,  who  hold  it  indubitable,  that 
they  were  originally  Tartars^  defeending  in  wild  clans 


from  the  fteeps  of  Imaus ; And  a fourth,  at  leaft  as 
dogmatically  pronounced  as  any  of  the  preceding,  is 
that  of  the  Brahmans^  who  decide,  without  allowing 
any  appeal  from  their  decifion,  that  the  Chinas  (for  fo 
they  are  named  in  Sanferit)  were  Hindoos  of  the  mili- 
tary caft,  who,  abandoning  the  privileges  of  their  tribe, 
rambled  in  different  bodies  to  the  north-eaft  of  Bengal; 
and  forgetting  by  degrees  the  rites  and  the  religion  of 
their  anceftors,  eftabliftiedfeparate  principalities,  which 
were  afterwards  united  in  the  plains  and  valleys  which 
are  now  poffefl'ed  by  them.” 

Of  thefe  opinions,  Sir  William  having  very  complete- 
ly demoliflied  the  firft  three,  proceeds  to  eftablifli  the 
fourth,  which  he  confiders  as  intereftingas  w^ell  as  new 
in  Europe.  In  the  Sanferit  inftitutes  of  civil  and  reli- 
gious duties,  revealed,  as  the  Hindoos  believe,  by  Menu 
the  fon  of  Brahma,  we  find  (fays  he)  the  following  curi- 
ous paffage : ‘ Many  families  of  the  military  clafs,  having 
gradually  abandoned  the  ordinances  of  the  Veda,  and  the 
company  of  Brahmans,  lived  in  a ftate  of  degradation  ; 
as  the  people  of  Pundraca  and  Odra,  thofe  of  Dravira 
and  Camboja,  the  Tavanas  and  Sacas,  the  Paradas  and 
Pahlavas,  the  Chinas,  and  fome  other  nations.’  A 
full  comment  on  this  text  (continues  the  prefident) 
would  be  fuperfluous ; but  fince  the  teftimony  of  the 
Indian  author,  who,  though  not  a divine  perfonage, 
was  certainly  a very  ancient  lawyer,  moralift,  and  hifto- 
rian,  is  diiedt  and  pofitive,  difinterefted  and  unfufpedl- 
ed,  it  would  decide  the  queftion  before  us  if  we  could 
be  fine  that  the  word  China  fignifies  a Chinefe.'^  Of 
this  fa£l  Sir  William  Jones  took  the  very  beft  methods 
to  be  fatisfied.  He  confulted  a number  of  Pandits  fe- 
parately,  who  all  allured  him  that  the  word  China  has 
no  other  fignification  in  Sanferit ; that  the  Chinas  of 
Menu  fettled  in  a fine  country  to  the  north-eaft  of 
Gatir,  and  to  the  eaft  of  Camarup  and  Napal ; that  they 
had  long  been,  and  ftill  are,  famed  as  ingenious  artifi- 
cers ; and  that  they  (the  Pandits)  had  themfelves  feen 
old  Chinefe  idols,  which  bore  a manifeft  relation  to  the 
primitive  religion  of  India.  He  then  laid  before  one 
of  the  beft  infor-med  Pandits  a map  of  Afia ; and  when 
his  own  country  was  pointed  out  to  him,  the  Pandit 
immediately  placed  his  finger  on  the  north-weftern  pro- 
vinces of  China,  as  the  place  where  he  faid  the  Chinas 
of  Menu  firft  eftablifhed  themfelves. 

In  the  opinion  of  Sir  William  Jones,  this  is  complete 
evidence  that  the  Chinefe  are  defeended  from  an  In- 
dian race  ; but  he  does  not  believe  that  the  Chinefe  em- 
pire, as  we  now  call  it,  was  formed  when  the  laws  of 
Menu  were  collected ; and  for  his  calling  this  fad  in 
queftion,  he  offers  reafons,  which  to  us  are  perfedly  fa- 
tisfadory.  By  a diligent  and  accurate  comparifon  of  an- 
cient Sanferit  writings,  he  has  been  able  to  fix  the  period 
of  the  compilation  of  thofe  laws  at  between  1000  and 
1500  years  before  Chrift;  but  by  the  evidence  of  Con- 
fucius himfelf,  he  proves,  that  if  the  Chinefe  empire  was 
formed,  it  could  be  only  in  its  cradle  in  the  12th  cen- 
tury before  our  era.  In  the  fecond  part  of  the  work, 
intilled  Lun  Tu,  Confucius  declares,  that  “ although 
he,  like  other  men,  could  relate,  as  mere  leffons  of  mo- 
rality, the  hiftories  of  the  firft  and  fecond  imperial 
houfes,  yet,  for  want  of  evidence,  he  could  give  no  cer- 
tain account  of  them.”  Now,  fays  Sir  William,  if  the 
Chinefe  themfelves  do  not  pretend  that  any  hiftorical 
monument  exifted  in  the  age  of  Confucius  preceding 
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China,  the  rife  of  their  third  dynafty,  about  lioo  years  before 
the  Chriftian  epoch,  we  may  juftly  conclude,  that  their 
empire  was  then  in  its  infancy,  and  did  not  grow  to 
maturity  till  feme  ages  afterwards.  Nay,  he  is  inclined 
to  bring  its  origin  ftill  lower  down.  “ It  w-as  not,  fays 
he,  till  the  eighth  century  before  the  birth  of  our  Sa- 
viour, that  a fniall  kingdom  was  eredied  in  the  province 
of  Shen-fi^  the  capital  of  which  flood  nearly  in  the  35th 
degree  of  northern  latitude,  and  about  five  degrees  to 
the  w'efl  of  Si-gan.  That  country  and  its  metropolis 
were  both  called  Chin  ; and  the  dominion  of  its  princes 
was  gradually  extended  to  the  eafl  and  wefl.  The  ter- 
ritory of  Chin,  fo  called  by  the  old  Hindoos,  by  the 
Perfians,  and  by  the  Chinefe,  gave  its  name  to  a race 
of  emperors,  whofe  tyranny  made  their  memory  fo  un- 
popular, that  the  modern  inhabitants  of  China  hold  the 
w'ord  in  abhorrence,  and  fpeak  of  ihemfelves  as  the 
people  of  a milder  and  more  virtuous  dynafly : but  it 
is  highly  probable,  that  the  w'hole  nation  defeended 
from  the  Chinas  of  Menu,  and  mixing  with  the  Tar- 
tars, by  whom  the  plains  of  Honan  and  the  more  fouth- 
ern  provinces  were  thinly  inhabited,  formed  by  degrees 
the  race  of  men  whom  we  now  fee  in  poflefllon  of  the 
noblefl  empire  in  Afia.” 

In  fupport  of  this  opinion,  which  the  accompllfhed 
author  offers  as  the  refult  of  long  and  anxious  inqui- 
ries, he  obferves,  that  the  Chinefe  have  no  ancient 
monuments  from  which  their  origin  can  be  traced,  even 
by  plaufible  conjedture ; that  their  fciences  are  wholly 
exotic  ; that  their  mechanic  arts  have  nothing  in  them 
which  any  fet  of  men,  in  a country  fo  highly  favoured 
by  nature,  might  not  have  difeovered  and  improved  ; 
that'  their  philofophy  feems  yet  in  fo  rude  a flate  as 
hardly  to  deferve  the  appellation  ; and  that  their  popu- 
lar religion  was  imported  from  India  in  an  age  compa- 
ratively modern.  He  then  inflitutes  a comparifon  be- 
tween the  mythology  of  the  Chinefe  and  that  of  the 
Hindoos  ; of  which  the  refult  is,  that  the  former  people 
had  an  ancient  fyflem  of  ceremonies  and  fuperftitions 
•w'hich  has  an  apparent  affinity  with  fome  parts  of  the 
oldeft  Indian  woifnip.  “ They  believed  in  the  agency 
of  genii  or  tutelary  fpirlts,  prefiding  over  the  flars  and 
the  clouds  ; over  lakes  and  rivers,  mountains,  valleys, 
and  woods ; over  certain  regions  and  towns  ; over  all 
the  elements,  of  which,  like  the  Hindoos,  they  reckon- 
ed five  ; and  particularly  overjfnr,  the  moft  brilliant  of 
them.  To  thofe  deities  they  offered  vidiras  on  high 
places.  And  the  following  paffage  from  one  of  their 
facred  books,  fays  Sir  William,  is  very  much  in  the 
ftyle  of  the  Brahmans : ‘ Even  they  who  perform  a 
facrifice  with  due  reverence,  cannot  perfectly  affure 
themfelves  that  the  divine  fpirits  accept  their  obla- 
tions ; and  far  lefs  can  they,  who  adore  the  gods  with 
languor  and  ofcitancy,  clearly  perceive  their  facred  il- 
lapfes.*  Thefe  (continues  the  prefident)  are  imper- 
fect traces  indeed,  but  they  are  traces  of  an  affinity  be- 
tween the  religion  of  Menu  and  that  of  the  Chinas, 
whom  he  names  among  the  apoftates  from  it ; and  be- 
fides  them,  we  difeover  many  other  very  Angular  marks 
of  relation  between  the  Chinefe  and  the  old  Hindoos. 

“ This  relation  (he  thinks)  appears  in  the  remark- 
able period  of  432,000,  and  the  cycle  of  60  years  ; in 
the  prediledlon  for  the  myflical  number  nine  ; in  many 
fimilar  fafls  and  great  feflivals,  efpecially  at  the  folftices 
and  equinoxes } in  the  obfequies,  confifting  of  rice  and 


fruits  offered  to  the  manes  of  their  anceftors  ; in  the  Chiu 
dread  of  dying  childlefs,  lefl  fuch  offerings  fbould  be  V 
intermitted  ; and  perhaps  in  their  common  abhorrence 
of  red  objedls,  which  the  Indians  carried  fo  far,  that 
Menu  himfelf,  where  he  allows  a Brahman  to  trade, 
if  he  cannot  otherwife  fupport  life,  abfolurely  forbids  his 
trading  in  any  fort  of  red  cloths,  whether  linen,  or 
woollen,  or  made  of  woven  bark.  In  a word,  fays  Sir 
William  Jones,  all  the  circumflances  which  have  been 
mentioned  feem  to  prove  (as  far  as  fnch  a queflion  ad- 
mits proof),  that  the  Chinefe  and  Hindoos  were  origi- 
nally the  fame  people ; but  having  been  feparated  near 
4000  years,  they  have  retained  few  ftrong  features  of 
their  ancient  confanguinity,  efpecially  as  the  Hindoos 
have  preferved  their  old  language  and  ritual,  while  the 
Chinefe  very  foon  lofl  both  ; and  the  Hindoos  have 
conflantly  intermarried  among  themfelves,  while  the 
Chinefe,  by  a mixture  of  Tartarian  blood  from  the 
time  of  their  firft  eflablifhment,  have  at  length  formed 
a race  diftindt  in  appearance  both  from  Indians  and 
Tartars.” 

Sir  George  Staunton,  who  accompanied  the  Earl  of 
Macartney  on  his  embaffy  to  the  emperor  of  China, 
does  not  indeed  diredtly  controvert  this  reafoning  ; but 
overlooking  it  altogether,  gives  to  the  Chinefe  a much 
higher  antiquity  than  Sir  William  Jones  is  inclined  to 
allow  them.  Taking  it  for  granted  that  their  cycle  is 
their  own,  and  that  it  is  not  the  offspring  of  altronomi- 
cal  fcience,  but  of  repeated  obfervations,  he  feems  to 
give  implicit  credit  to  thofe  annals  of  the  empire  which 
almofl  every  other  writer  has  confidered  as  fabulous. 

“ Next  to  the  fludies  which  teach  the  economy  of 
life,  the  Chinefe  (fays  he)  value  moft  the  hiftory  of  the 
events  of  their  own  country,  which  is,  to  them,  the 
globe  ; and  of  the  celeftial  movements  which  they  had 
an  opportunity  of  obferving  at  the  fame  time.”  In  re- 
gard to  the  former,  he  tells  us,  that  “ from  about  three 
centuries  before  the  Chriftian  era  the  tranfadlions  of  the 
Chinefe  empire  have  been  regularly,  and  without  any 
intervening  chafm,  recorded  both  in  official  documents 
and  by  private  contemporary  writers.  Nowhere  had 
hiftory  become  fo  much  an  objedl  of  public  attention, 
and  nowhere  more  the  occupation  of  learned  individuals. 

Every  confiderable  town  throughout  the  empire  was  a 
kind  of  univerfity,  in  which  degrees  were  conferred  on 
the  proficient  in  the  hiftory  and  government  of  the  ftate.  • 
Hiftorical  works  were  multiplied  throughout.  The 
accounts  of  recent  events  were  expofed  to  the  corredlion 
of  the  witneffes  of  the  fadts,  and  compilations  of  former 
tranfadtions  to  the  criticifms  of  rival  writers.”  In  re- 
gard to  the  latter,  the  movements  of  the  heavenly  bo- 
dies, he  thinks  that  In  no  country  are  there  ftronger  in- 
ducements or  better  opportunities  to  watch  them  than 
in  China  ; and  hence  he  infers,  that  the  cycle  of  fixty 
years  is  of  Chinefe  formation.  “ In  a climate  (fays  he) 
favourable  to  aftronomy,  the  balance  of  hours  beyond 
the  number  of  days  during  which  the  fun  appeared  to 
return  oppofite  to,  and  to  obfeure,  or  to  mix  among  the 
fame  fixed  ftars,  might  be  afeertained  in  a fnort  time ; 
and  occafioned  the  addition  of  a day  to  every  fourth 
year,  in  order  to  maintain  regularity  in  the  computation 
of  time,  in  regard  to  the  return  of  the  feafons  ; but  ma- 
ny ages  muft  have  paft  before  a period  could  have  been 
difeovered,  in  which  the  unequal  returns  of  the  fun  and 
moon  were  fo  accurately  adjufted,  that  at  its  termina- 
tion 
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China,  tion  the  new  and  full  moons  fliould  return,  not  only  to  any  man  of  the  prefent  age,  whether  Chinefe  or  Euro-  China, 
the  fame  day,  but  within  an  hour  and  a half  of  the  time  pean  ; and  we  have  feen,  that  he  confidered  none  of 
they  had  happened,  when  the  period  commenced.  The  them  as  authentic  which  relate  events  previous  to  the 
knowledge  of  fuch  a period  or  cycle  could  be  obtained  nth  century  before  our  era.  Even  this  is  by  much  too 
only  by  a multiplicity  of  careful  and  accurate  obferva-  early  a period  at  which  to  rely  upon  them  with  impli- 
tions.  Many  revolutions  of  thofe  great  luminaries  muft  cit  confidence,  if  it  be  true,  as  Sir  George  informs  us, 
have  been  completed,  and  numberlefs  conjunftions  have  that  the  tranfaftions  of  the  empire  have  been  regulaily 
paft  over,  before  their  returns  could  be  afcertained  to  recorded  only  from  about  three  centuries  before  the  birth 
happen  in  the  fame  day,  at  the  end  of  nineteen  years,  of  Chrift.  With  refped  to  the  cycle,  there  is  every 
The  fmall  difference  of  time  between  the  returning  pe-  probability  that  it  w'as  derived  from  India,  where  we 
riods  of  this  cycle,  was  partly  lelTened  by  the  interven-  know  that  aftronomy  has  been  cultivated  as  a fcience 
tion  of  *tother  of  6o  years,  or  of  720  revolutions  of  the  from  time  immemorial,  and  where,  w^e  have  (hewn  in 
moon,  w’hich,  with  the  fettled  intercalation  of  22  lima-  another  place,  that  the  commencement  of  the  cycle  was 
tions,  were  at  firft  fuppofed  to  bring  a perfedl  coinci-  adually  antedated  (fee  Philosophy,  n°  9.  ) We 

dence  of  the  relative  pofitions  of  the  fun  and  moon : have  therefore  no  hefitation  in  preferring  Sir  William 
but  even  according  to  this  period,  every  new  year  was  Jones’s  opinion  of  the  origin  of  the  Chinefe  empire  to 
made  conftantly  to  recede,  in  a very  fmall  degree,  which  Sir  George  Staunton’s  ; not  merely  becaufe  we  believe 
the  Chinefe  corredled  afterwards  from  time  to  time,  the  former  of  thefe  gentlemen  to  have  been  more  con- 
This  cycle  anfwered  a double  purpofe,  one  as  an  era  for  verfant  than  the  latter  with  Chinefe  literature,  but  be- 
chronological  reckoning,  and  the  other  as  a regulating  caufe  we  think  his  reafoning  more  confiftent  with  itfeif, 
period  for  a luni-folar  year.  Each  year  of  the  cycle  is  and  his  conclufion  more  confonant  to  that  outline  of 
dlftinguifhed  by  the  union  of  two  charadters,  taken  from  chronology,  which,  as  he  obferves,  has  been  fo  corredly 
fuch  an  arrangement  of  an  unequal  number  of  words  traced  for  the  laft  2,000  years,  that  we  muft  be  hardy 
placed  in  oppofite  columns,  that  the  fame  two  charac-  fceptics  to  call  it  in  queftion. 

ters  cannot  be  found  again  together  for  fixty  years.  There  is  another  point  very  nearly  related  indeed 
The  firft  column  contains  a feries  of  ten  words,  the  other  to  this  about  which  thefe  two  learned  men  likewife 
twelve ; which  laft  are,  in  fadt,  the  fame  that  denote  the  differ.  Sir  George  Staunton  informs  us,  that  “ no  ac- 
twelve  hours  or  divifions  of  the  day,  each  being  double  counts  of  a general  deluge  are  mentioned  in  Chinefe  hi- 
the  European  hour.  The  firft  word  or  charadler  of  ftory.”  Sir  William  Jones,  on  the  other  hand,  in  the 
the  firft  feries  or  column  of  ten  words,  joined  to  the  difcourfe  already  quoted,  fays,  “ I may  affure  you,  af. 
firft  w'ord  of  the  fecund  feries  or  column  of  twelve,  ter  full  inquiry  and  confideration,  that  the  Chinefe,  like 
marks  the  firft  year  of  the  cycle ; and  fo  on  until  the  the  Hindoos,  believe  this  earth  to  have  been  wholly  co- 
firft  feries  is  exhaufted,  when  the  eleventh  word  of  vered  with  water,  which,  in  works  of  undifputed  au- 
the  fecond  feries,  combined  with  the  firft  of  the  firft  fe-  thenticity,  they  defcribe  as  fionving  abundantly,  then  fub- 
ries,  marks  the  eleventh  year  of  the  cycle  ; and  the  Jiding,  and  feparating  the  higher  from  the  lower  age  of  man- 
twelfth  or  laft  of  the  fecond  feries,  joined  with  the  fe-  kind.”  To  which  of  thefe  authors  fhall  we  give  cre- 
cond  of  the  firft  feries,  ferves  for  denoting  the  twelfth  dit  ? The  high  antiquity  which  Sir,  George  Staun- 
y'Car.  The  third  of  the  firft  feries  becomes  united  in  ton  affigns  to  the  Chinefe  empire  rendered  it  neceffary 
regular  progreffion  with  the  firft  of  the  fecond  feries,  to  for  the  perfons  from  whom  he  drew  his  information  to 
mark  the  thirteenth  year ; and  proceeding  by  this  rule,  get  quit  by  any  means  of  an  univerfal  deluge.  The 
the  firft  character  in  the  firft  and  in  the  fecond  feries  can-  fyftem  of  Sir  William  Jones  left  him  at  liberty  to  admit 
not  come  again  together  for  fixty  years,  or  until  the  or  rejeift  that  event  according  to  evidence  ; and  in  ad- 
firft  year  of  the  fecond  cycle.  The  Chriftian  year  dition  to  the  authentic  records  to  which  he  appeals,  he 
1797  anfwers  to  the  54th  year  of  the  68th  Chinefe  cy-  quotes  a mythological  fable  of  the  Chinefe,  and  another  < 
cle,  which  afcertains  its  commencement  to  have  been  of  the  Hindoos,  which,  though  he  lays  not  upon  them 
2277  years  before  the  birth  of  Chrift  ; unlefs  it  be  fup-  any  great  ftrefs,  appear  to  us,  when  compared  together, 
pofed  that  the  official  records  and  public  annals  of  the  not  only  to  corroborate  bis  opinion  refpefting  the  de- 
empire, which  bear  teftimony  to  it,  fliould  all  be  falfi-  fcent  of  the  Chinefe,  but  likewife  to  fhew  that  botli 
fied,  and  that  the  cycle  when  firft  eftablifhed  Ihould  they  and  the  Hindoos  have  preferved  a traditionary  ac- 
havebeen  antedated  ; which  is  indeed  as  little  probable  count  of  the  deluge  very  fimilar  to  that  which  is  given 
as  that  the  period,  for  example,  of  the  Olympiads  fhould  by  Mofes.  The  Chinefe  fable  is  this:  “ The  mother 
be  aflerted  to  have  commenced  many  ages  prior  to  the  of  Fohi  was  the  daughter  of  Heaven,  furnamed  Flower- 
firft  Olympic  games.”  loving;  and  as  the  nymph  was  walking  alone  on  the 

This  is  a very  pofitive  decifion  againft  the  opinion  of  brink  of  a river  with  a fimilar  name,  fhe  found  herfelf  on 
a man  whofe  talents  and  knowledge  of  oriental  learning  a hidden  encircled  with  a rainbow  ; foon  after  which 
w'ere  fuch  as  to  give  to  his  opinions  on' fuch  fubjefts  fhe  became  pregnant,  and  at  the  end  of  twelve  years 
the  greateft  weight.  If  the  ftatements  and  reafonings  was  delivered  of  a fon,  radiant  as  herfelf,  who  among 
of  Sir  George  Staunton  be  accurate,  the  Chinefe  em-  other  titles,  had  that  of  Sui,  or  the  Star  of  the  Yeard' 
pil  e muft  have  fubfifted  at  leaft  3000  years  before  the  In  the  mythological  fyftem  of  the  Hindoos,  “the  nymph 
Chriftian  era;  for  he  fays  exprefsly,  that  many  ages  Rohini,  who  prefides  over  the  fourth  lunar  manfion, 
muft  have  elapfed  before  the  commencement  of  that  was  the  favorite  miftrefs  of  Soma  or  the  Moon,  among 
cycle,  which,  according  to  him,  commenced  2277  years  whofe  numerous  epithets  we  find  Cumudanayaca,  or  de- 
before  the  birth  of  Chrift.  But  furely  Confucius  was  lighting  in  a fpecies  of  water-Jlower  that  bloffoms  at 
as  well  acquainted  with  the  ancient  annals  of  his  own  night.  The  offspring  of  Rohini  and  Soma  was  Bun- 
country,  and  the  credibility  which  is  due  to  them,  as  ha,  regent  of  a planet ; and  he  married  Ila,  whofe  fa- 
ther 
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jina.  cyclopasdia  containing  explanations  of  the  ideas  them- 
reives  reprefented  by  fuch  hieroglyphics.  In  fuch  fenfe 
only  can  the  acquifition  of  Chinefe  words  be  juftly 
faid  to  engrofs  nioft  of  the  time  of  men  of  learning 
among  them.  The  knowledge  of  the  fciences  of  the 
Chinefe,  however  imperfedf,  and  of  their  moft  extenfive 
literature,  is  certainly  fufficient  to  occupy  the  life  of 
man.  Enough,  however,  of  the  language  is  imper- 
ceptibly acquired  by  every  native,  and  may,  with  dili- 
gence, be  acquired  by  foreigners  for  the  ordinary  con- 
cerns of  life  ; and  further  improvements  muft  depend 
on  capacity  and  opportunity.” 

Next  to  the  fingular  ftruflure  of  the  oral  and  writ- 
ten language  of  the  Chinefe,  there  is  perhaps  nothing 
in  their  hiftory  more  furprifing  to  a native  of  Europe 
than  the  number  of  the  people,  and  the  means  by  which 
they  contrive  to  procure  fubfiftence,  without  foreign 
trade,  in  a country  fo  crouded,  and  at  the  fame  time 
not  everywhere  ©f  a fertile  foil.  In  the  Encyclopaedia, 
the  population  of  this  vaft  empire  is  dated,  from  M. 
Grofier,  at  200  millions  : but  great  as  this  is,  when  com- 
pared with  the  population  of  every  other  extenfive  coun- 
try, it  appears  to  be  far  fhort  of  the  truth.  Sir  George 
Staunton  has  publifhed  a ftatement,  taken  from  one  of 
the  public  offices  in  the  capital,  and  given  by  a great 
and  refpeflable  manderin  to  Lord  Macartney,  in  which 
it  is  {hewn  that  China  Proper  contains  not  fewer  than 
333  millions  of  inhabitants.  As  the  extent  of  the  coun- 
try is  1,297,999  f^uare  miles,  there  are  of  courfe  very 
near  260  inhabitants  to  every  fquare  mile  ; and  of  ihefe 
miles  a very  confiderable  proportion  confifts  of  nothing 
but  barren  rocks.  That  this  account  is  accurate  there 
can  be  little  doubt ; for  the  extent  of  the  provinces  was 
afcertained  by  aftronomical  obfervations,  as  well  as  by 
admeafurement ; and  the  number  of  individuals  is  regu- 
larly taken  in  each  divifion  of  a diftridt  by  a tything- 
man,  or  every  tenth  matter  of  a family.  Thefe  returns 
are  colledted  by  officers  refident  fo  near  as  to  be  capa- 
ble of  corredting  any  grofs  miftake,  and  are  all  lodged 
in  the  great  regitter  of  Pekin. 

For  this  exceffive  population  our  author  fatisfadlorily 
accounts.  Celibacy,  fays  he,  is  rare  in  China,  even  in 
the  military  profeffion  ; the  marriages  are  prolific  as 
well  as  early,  and  the  influence  of  the  patriarchal  fy- 
ftem,  to  be  explained  afterwards,  is  fuch,  that  a man’s 
children  adds  to  his  wealth.  It  is  reckoned  a difcredit 
to  be  without  offspring  ; and  they  who  have  none  adopt 
others,  who  become  theirs  exclufively.  In  cafe  of  mar- 
riage, fhould  a wife  prove  barren,  a fecond  may  be  ef- 
poufed  in  the  lifetime  of  the  firft.  The  opulent,  as  in 
moft  parts  of  the  Eaft,  are  allowed,  without  reproach, 
te  keep  concubines,  of  whom  the  children  are  confider- 
cd  as  being  thofe  of  the  legitimate  wife,  and  partake  in 
all  the  rights  of  legitimacy,  “ Accidents  fometimes  of 
extraordinary  drought,  and  fometimes  of  exceffive  iu- 
vindations,  occafionally  produce  famine  in  particular 
provinces,  and  famine  difeafe  ; but  there  are  few  drains 
j from  moral  caufes  either  of  emigration  or  foreign  navi- 
' gation.  The  number  of  manufadlurers,  whofe  occupa- 
tions are  not  always  favourable  to  health,  whofe  con- 
ftant  confinement  to  particular  fpots,  and  fometimes  in 
a clofe  or  tainted  atmoiphere,  mutt;  be  injurious,  and 
whofe  refidence  in  towms  expofes  them  to  irregularities, 
bears  but  a very  fmall  proportion  to  that  of  hufband- 
men  in  China.  In  general  there  feems  to  be  no  other 
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bounds  to  Chinefe  populoufnefs  than  thofe  which  the  Chinav 
neceffity  of  fubfiftence  may  put  to  it.  Thefe  bounda- 
ries  are  certainly  more  enlarged  than  In  other  countties. 

The  whole  furface  of  the  empire  is,  with  trifling  excep- 
tions, dedicated  to  the  produdtion  of  food  for  man 
alone.  There  Is  no  meadow,  and  very  little  pafture  { 
nor  are  fields  cultivated  in  oats,  beans,  or  turnips,  for 
the  fupport  of  cattle  of  any  kind.  Few  parks  or  plea- 
fure  grounds  are  feen,  excepting  thofe  belonging  to  the 
emperor.  Little  land  is  taken  up  for  roads,  which  are 
few  and  narrow,  the  chief  communication  being  by  wa- 
ter. There  are  no  commons,  or  lands  fuffered  to  lie 
wafte  by  the  negledf,  or  the  caprice,  or  for  the  fport  of 
great  proprietors.  No  arable  land  lies  fallow.  The 
foil,  under  a hot  and  fertilizing  fun,  yields  annually,  in 
moft  inftances,  double  crops,  in  confequehce  of  adapt- 
ing the  culture  to  the  foil,  and  of  fupplying  its  defects 
by  mixture  with  other  earths,  bv  manure,  by  irriga- 
tion, by  careful  and  judicious  induftry  of  every  kind. 

The  labour  of  man  is  little  diverted  from  that  induftry 
to  minifter  to  the  luxuries  of  the  opulent  and  power- 
ful, or  in  employments  of  no  real  ufe.  Even  the  fol- 
diers  of  the  Chinefe  army,  except  during  the  fhort  in- 
tervals of  the  guards,  which  they  are  called  to  mount, 
or  the  exercifes,  or  other  occafional  fervices  which  they 
perform, are  moftly  employed  in  agriculture.  The  quan- 
tity of  fubfiftence  is  increafed  alfo  by  converting  more 
fpecles  of  animals  and  vegetables  to  that  purpofe  than  is 
ufual  in  other  countries.  And  even  in  the  preparation  of 
their  food, the  Chinefe  haveeconomy  and  management.” 

The  government  of  China  is  defpotic  ; and  it  is  a 
curious  fpeftacle  to  behold  fo  large  a proportion  of  the 
whole  human  race,  connedted  together  in  one  great  fy- 
ftem  of  polity,  fubmitting  quietly,  and  through  fo  con- 
fiderable an  extent  of  country,  to  one  great  fovereign  ; 
and  uniform  in  their  laws,  their  manners  and  their  lan- 
guage, but  differing  effentially  in  each  of  thefe  refpedls 
from  every  other  portion  of  mankind  ; and  neither  de- 
firous  of  communicating  with  nor  forming  any  defigns 
againft  the  reft  of  the  world.  To  produce  fuch  a phe- 
nomenon, many  caufes  muft  be  combined  ; but  perhaps 
the  principal  are  to  be  found  in  the  patriarchal  fyftem 
already  mentioned,  in  the  laws  and  cuftoms  of  the  em- 
pire, and  in  the  belief  that  the  emperor  is  the  vicege- 
rent of  heaven,  and  guided  in  all  his  adlions  by  divine 
infpiration. 

The  patriarchal  fyftem  is  founded  upon  that  filial 
piety  which  the  philofophers  of  China  have  uniformly 
reprefented  as  the  greateft  of  human  virtues.  Thefe 
fages,  while  they  fuccefsfully  inculcated  this  duty,  have 
left  parental  affedtion  to  its  own  natural  influence  ; and 
hence  in  China  parents  are  lefs  frequently  negledfed  than 
infants  are  expofed.  The  laws  of  the  empire,  to  cor- 
roborate the  difpofition  to  filial  obedience,  furnifh  an 
opportunity  for  punifhing  any  breach  of  it,  by  leaving 
a man’s  offspring  entirely  within  his  own  power  : and 
hence  it  Is,  that  with  the  poor,  marriage,  as  we  have 
faid,  is  a meafure  of  prudence  ; becaufe  the  children, 
particularly  the  fons,  are  bound  to  maintain  their  pa- 
rents. 

A Chinefe  dwelling  is  generally  furrounded  by  a 
wall  fix  or  feven  feet  high.  Within  this  Inclofure  a 
v.?hole  family,  of  three  generations,  with  all  their  refpec- 
tive  wives  and  children,  wnll  frequently  be  found.  One 
fmaU  room  is  made  to  ferve  for  the  individuals  of  each 
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Uina.  wdlas  poliflied  manners.  They  are,  however,  in  gene- 
ral,  fitter  for  military  than  civil  offices.  The  hardy  edu- 
cation, the  rough  manners,  the  a6Hve  fpirit,  the  wan- 
dering difpofition,  the  loofe  principles,  and  the  irregu- 
lar condud,  of  the  Tartar,  fit  him  better  for  the  pro- 
feffion,  pradice,  and  purfuits  of  war,  than  the  calm,  re- 
gulated, and  domeftic  habits  of  the  Chinefe.  Warriors 
(eem  naturally  the  offspring  of  Tartary,  as  literati  are 
of  China  ; and  accordingly,  the  principal  military  com- 
mands are  conferred  on  natives  of  the  former  country, 
as,  with  many  exceptions  indeed,  the  chief  civil  offices 
are  on  thofe  of  the  latter. 

A military  mandarin,  who  was  much  with  Lord 
Macartney,  and  was  himfelf  a diftinguifhed  officer,  af- 
ferted,  that,  “ including  Tartars,  the  total  of  the  army 
in  the  pay  of  China,  amounted  to  1,000,000  infantry, 
and  800,000  cavalry.  From  the  obfervations  made  by 
the  embaffy  in  the  courfe  of  their  travels  through  the 
empire,  of  the  garrifons  in  the  cities  of  the  feveral  or- 
ders, and  of  the  military  polls  at  fmall  diftances  from 
each  other,  there  appeared  nothing  unlikely  in  the  cal- 
culation of  the  infantry  ; but  they  met  few  cavalry.  If 
the  number  mentioned  really  do  exlll,  a great  propor- 
tion of  them  muft  have  been  in  Tartary,  or  on  forae 
fervice  diftant  from  the  route  of  the  embaffy. 

“ Of  the  troops,  efpecially  cavalry,  a vaft  number  are 
Tartars,  who  have  a higher  pay  than  their  Chinefe  fel- 
low-fold  iers.  The  principal  officers  of  confidence  in 
the  army  are  Tartars  alfo.  None  of  either  nation  are 
received  into  the  fcrvice,  but  fuch  as  are  healthy,  ftrong, 
and  fightly.  The  pay  and  allowances  of  a Chinefe 
horfeman  are  three  Chinefe  ounces,  heavier  than  Euro- 
pean ounces,  and  three  tenths  of  an  ounce,  of  filver, 
and  fifteen  meafures  or  rations  (the  weight  not  men- 
tioned) of  rice  every  lunar  month.  A Tartar  horfe- 
man,  feven  fimilar  ounces  of  filver,  and  20  meafures  of 
rice  for  the  fame  period.  A Chinefe  foot  foldier  has 
one  ounce  and  fix  tenths  of  an  ounce  of  filver,  and  ten 
meafures  of  rice ; and  a Tartar  of  the  fame  defer! ption 
has  two  ounces  of  filver,  and  ten  meafures  of  rice  every 
lunar  month.  The  emperor  furnilhes  the  arms,  accoutre- 
ments, and  the  upper  garment,  to  all  the  foldiers.  Be- 
fide  their  ordinary  pay  and  allowances,  they  alfo  receive 
donations  from  the  emperor  on  particular  occafions  ; 
as  when  they  marry,  and  when  they  have  male  children 
born.  On  the  death  of  their  parents  they  obtain  ‘ a 
gift  of  confolation  as  do  their  families  when  the  fol- 
diers themfelves  die. 

“ The  public  revenues  of  China  Proper  are  faid  to  be 
little  lefs  than  200,000,000  of  ounces  of  filver,  which 
may  be  equal  to  about  66,000,000  of  pounds  fterling  ; 
or  about  three  times  thofe  of  France  before  the  late 
fubverfion.  From  the  produce  of  the  taxes  all  the  ci- 
vil and  military  expences,  and  the  incidental  and  extra- 
ordinary charges  are  firfl  paid  upon  the  fpot  out  of 
the  treafuries  of  the  refpeflive  provinces,  where  fuch 
expences  are  incurred  ; and  the  remainder  is  remitted  to 
the  Imperial  treafury  at  Pekin.  This  furplus  amount- 
ed, in  the  year  1792,  to  the  fum  of  36,614,328  ounces 
of  filver,  or  12,204,776  pounds  fterling,  according  to 
an  account  taken  in  round  numbers.  In  cafe  of  infnr- 
redions,  or  other  occuirences  requiring  extraordinary 
expences,  they  are  generally  levied  by  additional  taxes 
on  the  provinces  adjacent  to  the  feene  of  action,  or 
connedled  with  die  occafion  of  the  expeace. 


“In  the  adminlftration  of  the  vaft  revenue  of  the  ftate,  Chinas 
the  opportunities  of  committing  abufes  are  not  often 
negleded  ; as  may  be  inferred  from  the  frequent  confif- 
cation  to  the  emperor,  in  confequence  of  fuch  tranfgref- 
fions.  It  is  indeed  affirmed,  that  much  corruption  and 
oppreffion  prevail  in  molt  of  the  public  departments, 
by  which  confiderable  fortunes  are  acquired,  notwith- 
ftanding  the  modicity  of  the  public  falaries.” 

With  fuch  a ftanding  army,  and  fo  vaft  a revenue,  it 
will  no  longer  appear  w'onderful  that  one  man  ftiould 
govern  with  defpotic  fway,  even  the  immenfe  multitude 
of  people  who  inhabit  the  empire  of  China,  efpecially 
trained  up  as  thofe  people  are  in  habits  of  filial  fubmif- 
fion  to  their  fuperiors.  But  there  arefonie  circumftan- 
ces  in  the  fyftem  of  Chinefe  policy,  not  yet  mentioned,  ' 

which  contribute  perhaps  more  than  even  thefe  habits 
and  that  power  to  preferve  the  flability  of  the  govern- 
ment. The  emperor  referves  to  himfelf  alone  the  right 
of  relieving  the  wants  of  the  poor,  produced  by  famine 
or  any  other  unforefeen  calamity.  On  fuch  occafions 
he  always  comes  forward.  He  orders  the  public  gra- 
naries to  be  opened  ; remits  the  taxes  to  thofe  who  are 
vifited  with  misfortune;  affords  affiftance  to  enable 
them  to  retrieve  their  affairs  ; and  appears  to  his  fubje<5ts 
as  ftanding  almoft  in  the  place  of  Providence  in  their 
favour.  He  is  perfedtly  aware  by  how  much  a ftronger 
chain  he  thus  maintains  his  abfolute  dominion,  than  the 
mere  dread  of  punilhment  would  afford.  The  emperor, 
to  whom  the  Britifh  embaffy  was  fent,  (hewed  himfelf 
fo  jealous  of  retaining  the  exclufive  privilege  of  bene- 
volence to  his  fubjefls,  that  he  not  only  reje<5ted,  but 
was  offended  at,  a propofal  once  made  to  him  by  fome 
confiderable  merchants,  to  contribute  towards  the  relief 
of  a fuffering  province  ; vvhilft  he  fcrupled  not,  at  the 
fame  time,  to  accept  the  donation  of  a rich  widow  to- 
wards the  expences  of  a war  in  which  he  was  engaged. 

This  veneration,  excited  towards  the  emperor  by  his 
apparent  benevolence,  is  incre.ifed  by  an  opinion  zea- 
loufly  inftilled  into  the  people,  that  he  has  the  faculty 
o(  predidling  future  events  of  the  greateft  importance. 

The  Chinefe,  given  up  to  the  dotages  of  judicial  aftro- 
logy,  are  firmly  perfuaded  that  eclipfes  of  the  fun  and 
moon  have  a powerful  influence  on  the  operations  of 
nature  and  the  tranfaftions  of  mankind  ; and  the  pe- 
riods of  their  occurrence  become,  of  courfe,  objedls  of 
attention  and  folicitude.  The  government  of  the  coun- 
try, ever  anxious  to  cttablilh  its  authority  in  the  general 
opinion  of  its  fuperior  wifdom  and  conftant  care  for  the 
welfare  of  the  people,  employs  the  European  miffion- 
aries  at  Pekin  (for  it  is  doubtful  if  any  one  of  the  na- 
tives has  fo  much  feience)  to  calculate  eclipfes,  and 
then  announces  them  to  the  people  with  that  folemnity 
which  is  fitted  to  enfure  veneration  for  the  fuperintencl- 
ing  power  whence  fuch  knowledge  is  immediately  de- 
rived to  them.  Eclipfes  of  the  fun,  in  particular,  are 
confidered  as  ominous  of  fome  general  calamity ; and 
as  great  pains  are  taken  to  infpire  them  with  a belief 
that  their  profperity  is  owing  to  the  wifdom  and  virtues 
of  their  fovereign,  fo  they  are  tempted  to  attribute  to 
fome  deficiency  on  his  part  whatever  they  think  por- 
tentous. To  this  prejudice  the  emperor  finds  it  pru- 
dent to  accommodate  his  conduift.  He  never  ventures 
on  any  undertaking  of  importance  at  the  approach  of 
a folar  eclipfe,  but  affedls  to  withdraw  himfelf  from  tlie 
prefeace  of  his  courtiers,  to  examine  ftridly  into  his 
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late  adnuniftration  of  the  empire,  in  order  to  correft 
any  error,  for  the  commiffion  of  which  the  eclipfe  may 
have  been  an  admonition.  On  thefe  occafions  he  in- 
vites his  fubjedts  to  give  him  freely  their  advice  : but  it  is 
plain  that  advice  muft  be  offered  with  great  deference 
to  a being  for  whofe  admonition  the  motions  of  the  fun 
and  moon  are  believed  to  be  regulated  ; and  while  fuch 
notions  are  implicitly  admitted,  the  perfon  of  the  Chi- 
nese emperor,  as  well  as  his  authority,  muft  be  looked 
upon  by  his  fubjedts  as  fomething  more  than  human. 

This  is  in  fadl  the  cafe.  He  is  not  only  approached 
in  perfon  with  teftimonies  of  the-  utmoft  refpedl,  but  is 
adored  when  abfent  with  all  the  rites  and  ceremonies 
which  are  ufed  by  the  Chinefe  in  the  worftiip  of  their 
divinities.  On  his  birth-day,  at  the  new  and  full  moon, 
and  probably  on  other  feftivals,  all  the  mandarines  re- 
fident  in  the  neighbourhood  of  any  of  his  numerous  pa- 
laces aflemble  about  noon,  and  repairing  to  the  palace, 
folemnly  proftrate  themfelves  nine  times  before  the 
throne,  their  foreheads  ftriking  the  floor  each  time  ; 
whilft  incenfc  is  burning  on  tripods  on  each  fide  of  it, 
and  ofi'erings  are  made,  on  an  altar  before  it,  of  tea  and 
fruits  to  the  fpirit  of  the  abfent  emperor.  Over  the 
throne  are  feen  the  Chinefe  charadters  of  glory  and  per- 
fection ; and  the  name  of  the  Deity  is  given  to  the  em- 
peror, who  is  confidered  by  his  votaries  as  pofiefling  in 
feme  fenfe  the  attribute  of  ubiquity.  Mr  Barrow,  one 
of  the  gentlemen  of  the  embafly,  was  prefent  at  Tuen- 
nun-yuen,  one  of  the  imperial  palaces,  v/hen  thefe  Idola- 
trous rites  of  adoration  were  performed,  and  he  was  af- 
fured  that  they  took  place  on  that  day  in  all  parts  of 
the  empire,  the  proftraters  being  every  w'here  attentive 
to  turn  their  faces  towards  the  capital. 

That  he  who  claims  adoration  in  his  abfence  does 
not  appear  on  his  birth- day  to  receive  the  compliments 
of  his  fubjedts,  will  not  furprife  the  reader.  The  man- 
ner in  which  that  feftival  is  celebrated  at  the  palace, 
W'here  the  emperor  happens  to  be  refident,  is  thus  de- 
feribed  by  Sir  George  Staunton,  w'ho  witnefled  this 
more  than  auguft  ceremony  at  the  palace  of  Zhe-hal  in 
Tartary.  “ The  princes,  tributaries,  ambaffadors, 
great  officers  of  ftate,  and  principal  mandarines,  were 
alfembled  in  a vaft  hall ; and  upon  particular  notice, 
were  introduced  into  an  inner  building,  bearing,  atleaft, 
the  femblance  of  a temple.  It  was  chiefly  furniflied 
with  great  inftruments  of  mufic,  among  which  were 
fets  of  cylindrical  bells,  fufpended  in  a line  from  orna- 
mented frames  of  wood,  and  gradually  diminifliing  in 
fize  from  one  extremity  to  the  other,  and  alfo  triangu- 
lar pieces  of  metal  arranged  in  the  fame  order  as  the 
bells.  To  the  found  of  thefe  inftruments  a flow  and 
folemn  hymn  was  fung  by  eunuchs,  who  had  fuch  a 
command  of  their  voices  as  to  refemble  the  effeff  of 
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the  mufical  glafles  at  a diftance.  The  performers 
were  direffed,  in  gliding  from  one  tone  to  another,  by 
the  ftriking  of  a ftirill  and  fonerous  cymbal  ; and  the 
judges  of  mufic  among  the  gentlemen  of  the  embafly 
were  much  pleafed  with  their  execution.  The  whole 
had  indeed  a grand  effefl.  During  the  performance, 
and  at  particular  fignals,  nine  times  repeated,  all  the 
perfons  proftrated  themfelves  nine  times,  except  the 
ambalfador  and  his  fuite,  who  made  a profound  obei- 
fance  (a).  But  he  whom  it  was  meant  to  honour,  con- 
tinued, as  if  it  were  in  imitation  of  the  Deity,  invifible 
the  whole  time.” 

That  the  awful  impreffion  meant  to  be  made  upon 
the  minds  of  men  by  this  apparent  worfhip  of  a fellow- 
mortal  might  not  be  too  quickly  effaced,  all  feenes  of 
fport  and  gaiety  were  poftponed  to  the  next  day,  when 
a variety  of  entertainments  was  exhibited  in  the  pre- 
fence of  the  emperor,  furrounded  by  his  court  and  tri- 
butary princes. 

Notwithftanding  the  general  veneration  of  the  Chi- 
nefe for  the  perfon  and  government  of  their  emperor, 
the  mandarines  aflerted  that  a fed!  had  for  ages  fubfift- 
ed  in  the  country,  whofe  chief  principles  were  founded 
on  an  antipathy  to  monarchy,  and  who  nourifhed  hopes 
of  at  laft  fubverting  it.  Their  meetings  were  held  in 
the  utmoft  fecrecy,  and  no  man  avowed  any  knowledge 
of  them  ; but  a fort  of  inquifition  was  faid  to  be  efta- 
bllftied  in  order  to  find  them  out,  and  they  who  were 
fufpedted  of  fuch  fentiments  were  cut  off,  or  hunted  out 
of  ibciety.  Should  the  French  declaration  of  the  rights 
of  man,  which,  through  the  zeal  of  its  authors,  has 
been  tranflated  into  one  of  the  languages  of  India,  find 
its  way  into  China  (of  which  the  court  is  faid  to  be 
much  afraid),  it  would  indeed  be  a powerful  engine  in 
the  hands  of  this  fecret  leff  to  fap  the  foundations  of  the 
ancient  government.  The  minds  of  many  of  the  Chi- 
nefe are  far  from  fatisfied  with  their  condition,  which 
lays  both  their  perfons  and  their  fortunes  at  the  mercy 
of  the  mandarines.  No  private  man  in  China  is  ex- 
empted from  corporal  punifliment,  which  may  be  in- 
ftantly  inflided  on  him  at  the  nod  of  a magiftrate ; and 
when  he  has  occafion  to  fpeak  to  a great  mandarine,  he 
is  obliged,  by  the  police  of  the  country,  to  throw  him- 
felf  on  his  knees,  and  in  that  pofture  to  communicate 
his  bufinefs.  The  mandarine  himfelf,  on  the  other 
hand,  lies  under  the  hardfhip  of  being  frequently  re- 
fponfible  for  events  which  he  could  not  controul.  Up- 
on the  general  principal  that  it  is  his  duty  to  watch  over 
the  morals  of  the  people,  he  is  In  many  cafes  confidered 
as  a criminal  for  not  preventing  crimes  which  he  had 
not  been  able  to  prevent.  The  mandarines  are  thus 
aware  of  not  being  guaranteed  by  good  condudl:  againft 
difgrace  ; and  feeling  the  chagrin  of  infecurity,  many  of 

them 


(jv)  The  Chinefe  court,  which  confiders  all  other  fovereigns  as  fubordinate  to  their  own,  exaffs  from  foreign 
minifters,  as  well  as  from  natives  of  the  empire,  nine  proftrations  upon  their  firft  introduffion  to  the  emperor. 
This  demand  was  made,  in  the  laft  century,  of  the  Dutch,  who  inftantly  complied  with  it  in  hopes  of  obtaining 
in  return  fome  lucrative  advantages  ; and  the  confequence  was,  that  their  ambaflador  was  treated  with  negleff, 
and  difmifled  without  promife  of  the  fmalleft  favour.  It  was  likewife  made  of  a Ruffian  ambaflador  in  the  pre- 
fent century  ; but  he  would  not  comply  with  it,  until  a regular  agreement  was  made  for  its  return,  on  alike  oc- 
cafion, to  his  own  fovereign.  Lord  Macartney,  who  was  repeatedly  urged  to  go  through  the  fame  abjedt  cere- 
mony, difplayed  fuch  firmnefs  and  addrefs,  that  after  much  evafionitwas  at  laft  announced  to  him,  thathis  im- 
perial majefty  would  be  fatisfied  with  the  fame  form  of  refpeffful  obedience  that  the  Englifli  are  in  the  habit  of 
paying  to  their  own  fovereign  j and  upon  thefe  terms  his  lordlhip  was  introduced  and  gracioufly  received. 
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them  mull  doubtlefs  be  ripe  for  a revolt.  Fear  may 
keep  them  quiet  during  the  reign  of  a fovereign  polTei- 
fed  of  abilities  and  vigilance  ; but  the  maxims  which 
regulate  the  imperial  fucceffion  are  fuch,  that  a firm 
confederacy  could  hardly  fail  at  the  death  of  an  empe- 
ror to  introduce  great  changes  into  the  conftitution. 
The  throne  of  China  is  neither  hereditary  nor  elec- 
tive. The  choice  of  a fuceeflbr  is  left  entirely  to  the 
reigning  prince,  who  may  exclude,  as  has  been  inftan- 
ced,  even  his  own  offspring  and  family.  To  prevent 
commotions  and  fraud,  it  is  no  uncommon  pradiice  for 
the  emperor,  during  his  lifetime,  to  declare  his  fuccef- 
for  ; for  when  his  fucceffion  is  fettled  by  a written  tefta- 
ment,  the  throne  is  not  always  filled  by  him  for  whom 
it  was  deftined.  The  father  of  the  emperor  to  whom 
the  Britiffi  embaffy  was  fent,  is  faid  to  have  obtained 
polfeffion  of  the  throne  by  fuddenly  entering  the  palace 
in  the  laft  moments  of  his  predeceffor,  and  fubftituting 
his  own  name  in  a teftament  intended  for  the  exaltation 
of  another. 

To  what  has  been  faid  in  the  Encycloptedla  of  the  re- 
ligion  of  the  Chinefe,  we  have  here  very  little  to  add. 
Various  deities  are  worfhipped  in  the  empire  by  very 
different  rites  and  ceremonies  ; but  there  is  in  China  no 
ftate  religion.  None  is  paid,  preferred,  or  encouraged 
by  it.  The  emperor  is  of  one  faith  ; many  of  the  man- 
darines of  another;  and  the  majority  of  the  common 
people  of  a third,  which  is  that  of  Fo.  The  men  of 
letters  venerate  rather  than  adore  Confucius ; and  meet 
to  honour  and  celebrate  his  memory  in  halls:of  a fimple 
but  neat  conftrudlion.  The  numerous  and  lower  claffes 
of  the  people  are  lefs  able  than  inclined  to  contribute 
much  towards  the  ereftion  of  large  and  coftly  edifices, 
for  public  worfhip ; their  attention  is  almoft  wholly  en- 
gaged by  their  houfehold  gods  j for  every  houfe  has  its 
altar  and  its  deities. 

“ No  people  are,  in  fad,  more  fuperftitious  than  the 
common  Chinefe.  Befide  the  habitual,  offices  of  devo- 
tion on  the  part  of  the  priefis  and  females,  the  temples 
are  particularly  frequented  by  the  difciples  of  Fo  pre- 
vioufly  to  any  undertaking  of  importance  ; whether  to 
marry,  or  go  a journey,  or  conclude  a bargain,  or 
change  fituation,  or  for  any  other  material  event  in  life, 
it  is  neceffary  firft  to  confult  the  fuperintendant  deity. 
This  is  performed  by  various  methods.  Some  place  a 
parcel  of  confecrated  fticks,  differently  marked  and 
numbered,  which  the  confultant,  kneeling  before  the 
altar,  fhakes  in  a hollow  bamboo,  until  one  of  them  falls 
on  the  ground ; its  mark  is  examined,  and  referred  to 
a correlpondent  mark  in  a book  which  the  prieff  holds 
open,  and  fometimes  even  it  is  written  upon  a fheet  of 
paper  parted  upon  the  infide  of  the  temple.  Polygonal 
pieces  of  wood  are  by  others  thrown  into  the  air.  Each 
fide  has  its  particular  mark  ; the  fide  that  is  uppermoft 
when  fallen  on  the  Hoor  is  in  like  manner  referred  to 
its  correfpondent  mark  in  the  book  or  fheet  of  fate. 

If  the  firrt  throw  be  favourable,  the  perfon  who  made 
it  proftrates  himfelf  in  gratitude,  and  undertakes  after- 
wards with  confidence  the  bufinefs  in  agitation.  But 
if  the  throw  ftiould  be  adverfe,  he  tries  a fecond  time, 
and  the  third  throw  determines,  at  any  rate,  the  quef- 
tion.  In  other  refpefis,  the  people  of  the  prefent  day 
feem  to  pay  little  attention  to  their  prierts.  The 
temples  are,  however,  always  open  for  fuch  as  choofe 
to  eonfult  the  decrees  of  heaven.  They  return  thanks 
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when  the  oracle  proves  propitious  to  their  wlfhes.  Yet 
they  oftener  cart  lots  to  know  the  iffue  of  a projected 
enterprife  than  fupplicate  for  its  being  favourable  ; and 
their  worftiip  confifts  more  in  thankfgiving  than  in 
prayer. 

“ The  Chinefe  are  faid  feldcm  to  carry  the  objeffs  to 
be  obtained  by  their  devotion  beyond  the  benefits  of 
this  life.  Yet  the  religion  of  Fo  profeffes  the  doftrina 
of  the  tranfmigration  of  fouls,  and  promifes  happinefs 
to  the  people  on  conditions,  which  were  no  doubt  ori- 
ginally intended  to  confirt  in  the  performance  of  moral 
duties  : but  in  lieu  of  which  are  too  frequently  fubrti- 
tuted  thofe  of  contributions  towards  the  ere6Hon  or  re- 
pair of  temples,  the  maintenance  of  prierts,  and  a rtriirt 
attention  to  particular  obfervances.  The  neglect  of 
thefe  is  announced  as  punifhable  by  the  fouls  of  the  de- 
faulters parting  into  the  bodies  of  the  meaneft  animals, 
in  whom  the  fufferings  are  to  be  proportioned  to  the 
tranfgreffions  committed  in  the  human  form.” 

Though  the  Chinefe  artilts  are  very  ingenious  as 
mere  workmen,  there  is  hardly  any  thing  which  de- 
ferves  the  name  of  fcience  in  the  whole  empire.  So 
little  is  the  rtudy  of  mathematics  cultivated,  that  there 
are  few  ftiopkeepers  in  China  who  can  perform  the  or- 
dinary operations  of  arithmetic  ; but  cart  up  their  ac- 
counts by  means  of  an  inrtrument  called  Swanpan  (See. 
Swan  PAN,  EncycL).  Though  the  compofition  of  gun- 
powder was  certainly  known  in  China  much  earlier 
than  in  Europe,  and  though  the  Chinefe  had  employed 
it  from  the  beginning  in  blafting  rocks,  and  in  making 
a vaft  variety  of  fire-works  ; yet  Sir  George  Staunton 
feems  convinced,  that  they  never  thought  of  the  inven- 
tion of  guns  till  they  were  taught  by  the  Europeans  to. 
introduce  them  into  their  armies. 

The  rtate  of  phyfic  in  this  vart  country  is  extremely 
low,  being  nowhere  taught  in  public  fchoolsfor  colleges.. 
“ A young  man,  who  wiflies  to  become  a phyfician,  has. 
no  other  way  of  acquiring  medical  knowledge  than  by 
engaging  himfelf  to  fome  practitioner  as  an  apprentice.. 
He  has  thus  the  opportunity  of  feeing  his  marter’s 
practice,  of  vifiting  his  patients  with  him,  and  of  learn- 
ing fuch  parts  of  his  knowledge  and  fecrets  as  the  other 
choofes  to  communicate  to  him.  The  emoluments  of 
theprofeffion  feldom  exceed  the  {kill  of  the  practitioner. 
As  many  copper  coin  as  fcarcely  are  equal  to  fixpence 
fterling  is  faid  to  be  the  ufual  fee  among  the  people  ; 
and  perhaps  quadruple  among  the  mandarines.  Medi- 
cine is  not  divided  in  China  into  dirtinCt  branches  as  in 
moft  parts  of  Europe.  The  fame  perfon  aCts  as  phyfi- 
cian, furgeon  and  apothecary.  The  furgical  part  of 
the  profeffion  is  rtill  more  backward  than  the  others. 
Amputation,  in  cafes  of  compound  fraCture  and  gan- 
grene, is  utterly  unknown ; and  death  is  the  fpeedy 
confequence  of  fuch  accidents.  The  Chinefe  method 
of  inoculation,  which  was  introduced  into  the  empire 
about  the  beginning  of  the  tenth  century  of  our  era, 
is  as  follows : When  the  difeafe  breaks  out  in  any 
dirtriCt,  the  phyficians  of  the  place  carefully  colleCl  a 
quantity  of  ripe  matter  from  puftules  of  the  proper  fort ; 
which  being  dried  and  pulverifed  is  clofely  fhut  up  in 
a porcelain  jar,  fo  as  to  exclude  from  it  the  atmofpheric 
air  ; and  in  this  manner  it  will  retain  its  properties  for 
many  years.  When  the  patient  has  been  duly  prepared 
by  medicines,  generally  of  an  aperient  kind,  and  rtriCfly 
dieted  for  a fliorttime,  a lucky  day  is  chofen  to  fprinkle 
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hinrfe.  precifion,  and  with  the  help  of  the  bell:  inflruments, 
bear  the  following  proportion  to  our  weights  : The 
kin  is  equal  to  one  pound  12  ounces  2 drachms  24 
grains ; the  leang  one  ounce  one  drachm  60  grains  ; 
the  then  70  grains  ; the  fen  7 grains  Confe- 

'quently  the  lad  of  this  feries,  the  fun,  amounts  to  no 
more  than  o grains  00000000708. 

. Chinese  Wheel  is  an  engine  employed  in  the  province 
of  Kiang-fee,  and  probably  through  the  whole  empire, 
for  raifing  water  from  rivers  to  irrigate  plantations  of 
■fugar  canes,  on  a fandy  foil,  confiderably  elevated  above 
the  level  of  the  river.  By  Sir  George  Staunton,  who 
fays  that  it  is  ingenious  in  its  contrivance,  cheap  in  its 
materials,  eafy  in  its  operation,  and  effeidual  to  its  pur- 
pofe,  it  is  thus  defcribed  : 

Two  hard  wood  pods  or  uprights  are  firmly  fixed 
in  the  bed  of  the  river,  in  a line  perpendicular  to  its 
bank.  Thefe  pods  fupport  the  axis  about  ten  feet  in 
length,  of  a large  and  durable  wheel,  confiding  of  two 
unequal  rims,  the  diameter  of  one  of  which, clofed  to  the 
bank,  being  about  fifteen  inches  ftiorter  than  that  of 
the  outer  rim  *,  but  both  dipping  in  die  dream,  while 
the  oppofite  fegment  of  the  wheel  rifes  above  the  eleva- 
ted bank.  This  double  wheel  is  conneded  with  the 
axis,  and  is  fupported  by  16  or  18  fpokes  obliquely  in- 
ferted  near  each  extremity  of  the  axis,  and  eroding  each 
other  at  about  two-thirds  of  their  length.  They  are 
there  drengthened  by  a concentric  circle,  and  fadened 
afterwards  to  the  rims : the  fpokes  inferred  in  the  in- 
terior extremity  of  the  axis  reaching  the  outer  rim, 
and  thofe  proceeding  from  the  exterior  extremity  of  the 
fame  axis,  reaching  the  inner  and  fmaller  rim.  Between 
the  rims  and  the  croffing  of  the  fpokes  is  woven  a kind 
of  clofe  bafket-work,  ferv  ng  as  ladle-boards  or  floats, 
which  meeting  fucceflively  the  current  of  the  dream, 
obey  its  impulfe,  and  turn  round  the  wheel.  To  both 
its  rims  are  attached  fmali  tubes  or  fpouts  of  wood, 
with  an  inclination  of  about  25  degrees  to  the  horizon, 
or  to  the  axis  of  the  wheel.  The  tubes  are  clofed  at 
their  outer  extremity,  and  open  at  the  oppofite  end. 
By  this  pofition,  the  tubes  which  happen  in  the  motion 
of  the  wheel  to  be  in  the  dream  with  their  mouths  or 
open  ends  uppe?mod,  fill  with  water.  As  that  fegment 
of  the  wheel  rifes,  the  mouths  of  the  tubes  attach  to  it, 
alter  their  relative  inclination,  but  not  fo  much  as  to  let 
their  contents  flow  out  till  fuch  fegment  of  the  ivheel 
becomes  the  top.  The  mouths  of  thofe  tubes  are  then 
relatively  deprelTed,  and  pour  the  water  into  a wide 
trough  placed  on  pods,  from  whence  it  is  conveyed  as 
may  be  wanted  among  the  canes, 

“ The  only  materials  employed  in  the  condru(flion 
of  this  water-wheel,  except  the  nave  or  axis,  and  the 
pods  on  which  it  reds,  are  afforded  by  the  bamboo 
The  rims,  the  fpokes,  the  ladle-boards  or  floats,  and 
the  tubes  or  fpouts,  and  even  the  cords,  are  made  of 
entire  lengths,  or  Angle  joints,  or  large  pieces,  or  thin 
llices  of  the  bamboo.  Neither  nails,  nor  pins,  nor 
ferews,  nor  any  kind  of  metal  enters  into  its  condruc- 
tion.  The  parts  are  bound  together  firmly  by  cord- 
age, alfo  of  flit  bamboo.  Thus  at  a very  trifling  ex- 
pence, is  condrudled  a machine,  which,  without  labour 
or  attendance  will  furnilh,  from  a confiderable  depth, 
a refervoir  with  a condant  fupply  of  water  adequate  to 
every  agricultural  purpofe. 

“ Thefe  wheels  arc  from  20  to  40  feet  in  diameter. 


according  to  the  height  of  the  bank  and  confequent  Chippaway 
elevation  to  which  the  water  is  to  be  raifed.  Such  a H 
wheel  is  capable  of  fudaining  with  eafe  20  tubes  or 
fpouts,  of  the  length  of  four  feet,  and  diameter  two 
inches  in  the  clear.  The  contents  of  fuch  a tube  would 
be  equal  to  fix-tenths  of  a gallon,  and  a periphery  of 
20  tubes,  twelve  gallons.  A dream  of  a moderate  ve- 
locity would  be  fufficient  to  turn  the  wheel  at  the  rate 
of  four  revolutions  in  one  minute,  by  which  would  be 
lifted  48  gallons  of  water  in  that  fliort  period ; in  one 
hour,  2880  gallons ; and  69120  gallons,  or  upwards  of 
300  tons  of  water,  in  a day.” 

Sir  George,  who  faw  this  wheel  in  motion,  thinks  it 
preferable  in  many  refpeds  to  any  machine  yet  in  ufe 
for  fimilar  purpofes.  He  obferves,  that,  while  it  ap- 
proaches near  to  the  Perfian  wheel,  of  which  a deferip- 
tion  and  figure  is  given  in  the  article  Hydrostatics 
(Encycl.),  it  is  more  fimple  than  that  wheel  in  its  con- 
trivance, and  much  lefs  expenfive.  This  is  indeed  true  ; 
but  the  fimpled  engine  of  the  kind,  and  therefore  the 
bed  that  has  yet  been  invented,  is  perhaps  that  which 
is  employed  to  throw  water  into  the  mofs  of  Blair 
Drummond  in  Perthfliire.  See  Moss  (Encycl.) 

CHIPPAWAY,  an  incondderable  place  near  the 
falls  of  Niagara,  10  miles  from  Queendown. — Morse. 

CHIPPEWAY  River  runs  S.  Wedward  into  Miffif- 
fippi  River  in  that  part  where  the  confluent  waters  form 
lake  Pepin,  in  N.  lat.  44.  W.  long.  93.  54. — ib. 

CHISSEL,  afort  in  the  date  of  Tenneffee,  24  miles 
from  Englifh  ferry,  on  New  river ; 43  from  Abingdon, 
and  107  from  Long  ifland,  on  Holdon. — ib. 

CHITTENDEN  Co.  in  Vermont,  lies  on  lake 
Champlain,  between  Franklin  co.  on  the  N.  and  Addi- 
fon  S. ; La  Moille  river  pafles  through  its  N.  W.  cor- 
ner, and  Onion  river  divides  it  nearly  in  the  center. 

Its  chief  town  is  Burlington.  This  county  contained, 
by  the  cenfus  of  1791,  44  townfliips  and  7301  inhabit- 
ants. Since  that  time  the  northern  counties  have 
been  taken  from  it,  fo  that  neither  its  fize  or  number  of 
inhabitants  can  now  be  afeertained. — ib. 

Chittenden,  a townfliip  in  Rutland  co.  Vermont, 
contains  159  inhabitants.  The  road  over  the  mountain 
pafles  through  this  townfhip.  It  lies  7 miles  E.  from 
the  fort  on  Otter  creek,  in  Pittsford,  and  about  60  N. 
by  E.  from  Bennington. — ib. 

Chittenengo,  or  Canaferage,  a confiderable  dream 
which  runs  northerly  into  lake  Oneida  in  the  date  of 
New- York. — ib. 

CHOCOLATE  Creeks  a head-water  of  Tioga  Ri- 
ver in  New-York,  whofe  mouth  lies  10  miles  S.  W.  of 
the  Painted  Pod. — ib. 

CHOCOPE,  a town  in  the  jurifdidlion  of  Truxillo, 
in  S.  America,  in  Peru  ; 14  leagues  fouthward  of  St 
Pedro.  Here  are  about  90  or  100  houfes,  and  about 
60  or  70  families,  chiefly  Spaniards,  with  f ime  of  the 
other  cafts,  but  not  above  25  Indian  families.  It  has 
a church  built  of  brick,  both  large  and  decent.  The 
people  here  mention  a rain  that  fell  in  1726,  which  lad- 
ed 40  nights,  beginning  condantly  at  4 or  5 m the  even- 
ing, and  ceafing  at  the  fame  hour  next  morning,  whi  ch 
laid  mnd  of  the  houfes  in  ruins.  S.  lat.  7.  46. — ib. 

CHOCORUA,  a mountain  in  Grafton  co.  New- 
Hamplh’re,  on  the  N.  line  of  Stafford  co,  N.  of  Tam- 
Wi.rth. — ib. 

CHOCUITO,  or  rather  ChucuUo,  or  Titi  Caca,  a 

large 
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Choifcul  large  lake  near  Paria,  in  S.  America,  and  in  Peru,  in- 
Ij  to  which  a great  number  of  rivers  empty  themfelves. 
It  is  240  miles  in  circumference,  and  in  fome  parts  80 
fathoms  deep ; yet  the  water  cannot  be  drunk,  it  is  fo 
very  turbid.  It  abounds  in  fifh,  which  they  dry  and 
fait,  and  exchange  with  the  neighboring  provinces  for 
brandy,  wines,  meal,  or  money.  It  is  faid  the  ancient 
Yncas,  on  the  conqueft  of  Peru,  by  the  Spaniards, 
threw  into  this  lake,  all  their  riches  of  gold  and  filver. 
It  was  this  lake  into  which  the  Ynca  Huana  Capac, 
threw  the  famous  chain  of  gold,  the  value  of  which 
was  immenfe.  It  abounds  with  flags  and  rufties,  of 
which  Capac  Vupanchi,  the  fifth  Ynca,  built  a bridge, 
for  tranfporting  his  army  to  the  other  fide. — ib. 

CHOISEUL  Bay^  on  the  N.  W.  coaft  of  the  iflands 
of  the  Arfacides,  W.  of  Port  Praflin.  The  inhabit- 
ants on  this  bay,  like  thofe  at  Port  Praflin,  have  a cuf- 
tom  of  powdering  their  hair  with  lime,  which  burns  it 
and  gives  it  a red  appearance. — ih. 

CHOPTNE,  Choppine,  or  Chopeene,  a high  fhoe, 
or  rather  clog,  worn  200  years  ago,  by  the  Italians. 

Tom  Coryat,  in  his  Crudities  1611,  p.  262,  calls 
them  chapineys,  and  gives  the  following  account  of  them  : 
“ There  is  one  thing  ufed  of  the  Venetian  women  and 
fome  others  dwelling  in  the  cities  and  towns  fubjedl  to 
the  figniory  of  Venice,  that  is  not  to  be  obferved,  I 
thinke,  amongft  any  other  women  in  Chriftendome, 
•which  is  fo  common  in  Venice,  that  no  women  w'hatfo- 
ever  goeth  without  it,  either  in  her  houfe  or  abroad, 
a thing  made  of  ’wood  and  covered  nvith  leather  of  fundry 
colors,  fome  vjtth  ’white,  fome  redde,  fome  yello’w.  It  is 
called  a chapiney,  ’which  they  'wear  under  their  Jhoes. 
Many  of  them  are  curioufly  painted  ; fome  alfo  of  them 
I have  feen  fairly  gilt;  fo  uncomely  a thing,  in  my 
opinion,  that  it  is  pitty  this  foollfh  cuftom  is  not  cleane 
baniflred  and  exterminated  out  of  the  citie.  There  are 
many  of  thefe  chapineys  of  a great  height,  even  half  a yard 
high,  which  maketh  many  of  their  women  that  are  very 
fhortfeem  much  taller  than  the  tailed;  women  we  have 
in  England.  Alfo  I have  heard  it  obferved  among 
them,  that  by  how  much  the  nobler  a women  is,  by  fo 
much  the  higher  are  her  chapineys,  ikll  their  gentle- 
women, and  mod;  of  their  wives  and  widows  that  are 
of  any  wealth,  are  affided  eyther  by  men  or  women 
when  they  walke  abroad,  to  the  end  they  may  not  fall. 
They  are  borne  up  moft  commonly  by  the  left  arme, 
otherwife  they  might  quickly  take  a fall.” 

CHOPTANK,  a large  navigable  river  on  the  eaft- 
ern  fhore  of  Maryland,  emptying  into  Chefapeak  bay. 
—Morse. 

CHOWAN  Co.  in  Edenton  diflricfl:,  N.  Carolina, 
on  the  N.  fide  of  Albemarle  found.  It  contains  5011 
inhabitants,  of  whom  2588  are  flaves.  Chief  town, 
Edenton. — ih. 

Chowan  River,  in  N.  Carolina,  falls  Into  the  N.  W. 
corner  of  Albemarle  found.  It  Is  3 miles  wide  at  the 
mouth,  but  narrows  faft  as  you  afcend  it.  It  is  form- 
ed 5 miles  from  the  Virginia  line,  by  the  confluence  of 
Meherrin,  Nottaway,  and  Black  rivers,  which  all  rife 
in  Virginia. — ib. 

CHOWDRY,  In  Bengal,  the  pofleflbr  of  feveral 
Talooks.  It  is  alfo  ufed  as  fynonymous  with  Talookdar, 
anciently  a colledtor.  See  Talook  in  this  Supplement. 

CHRISOM  was  not,  as  is  faid  in  the  Encyclopaedia, 
a face-cloth  or  piece  of  linen  laid  over  the  child’s  head 


when  it  was  baptized ; but  it  was  a white  veflure  or  Chrl: 
garment,  which,  immediately  after  it  was  baptized,  the  II 
prieft  put  upon  it,  faying,  « Take  this  white  vefture  as  thrift] 
a token  of  the  Innocency  which,  by  God’s  grace  in 
this  holy  facrament  of  baptifm,  is  given  unto  thee,  and 
for  a fign  whereby  thou  art  admoniihed,  fo  long  as  thou 
liveft,  to  give  thyfelf  to  innocence  of  living,  that  after 
this  tranfitory  life  thou  mayeft  be  partaker  of  life  ever, 
lading.  Amen.”  . 

As  foon  as  the  pried  had  pronounced  thefe  words, 
he  anointed  the  infant  upon  the  head,  faying,  “ Al- 
mighty God,  the  Father  of  our  Lord  Jefus  Chrid,  who 
hath  regenerated  thee  by  water  and  the  Holy  Ghod, 
and  hath  given  unto  thee  the  remiflion  of  all  thy  fins ; 
he  vouchfafe  to  anoint  thee  with  the  unedion  of  his 
Holy  Spirit,  and  bring  thee  to  the  inheritance  of  ever- 
lading  life.  Amen.” 

It  was  from  this  anointing  or  chrifm  that  the  white 
garment  got  the  name  of  chrifom,  which,  after  being 
worn  a few  days,  was  offered  to  the  pried  to  be  kept 
in  the  church  or  vedry,  in  order  to  be  produced  as 
evidence  againd  the  perfon  whofe  chrifom  it  was,  Ihould 
he  afterwards  deny  the  faith  in  which  he  had  been 
baptized.  Thefe  ceremonies  were  retained,  for  fome 
time  after  the  reformation,  in  the  church  of  England, 
which  ordered  the  mother  of  the  child  (if  the  child  was 
then  alive,  to  offer,  when  fhc  was  churched,  the  chrifom 
and  other  accudomed  offerings.  If  the  child  died  be- 
fore its  mother  was  churched,  the  chrifom  was  not  giv- 
en to  the  pried,  but  employed  as  a fhroud,  in  which 
the  body  was  buried ; and  hence  it  is  that  chrifoms  are 
now  enumerated,  mod  abfurdly  indeed,  in  the  weekly 
bills  of  mortality.  We  fay  abfurdly  ; becaufe  children 
who  die  unbaptized  are  called  chrifoms,  though  the  chri- 
fom, when  it  was  ufed,  was  never  put  on  till  baptifm. 

See  Whitby  on  the  Book  of  Common  Prayer,  (ffc, 

CHRIST  CHURCH,  a parlfii  in  Charledon  difi 
tridl,  S.  Carolina,  containing  2954  inhabitants,  of 
whom  566  are  whites,  2377  flaves. — Mone. 

CHRISTIANA,  a pod  town  in  New-Cadle  co 
Delaware,  is  fituated  on  a navigable  creek  of  its  name, 

12  miles  from  Elkton,  9 S.  W.  of  Wilmington,  and 
37  S.  W.  of  Philadelphia.  The  town,  confiding  of 
about  50  houfes,  and  a prefbyterian  church,  dands  on 
a declivity  which  commands  a pleafant  profpeft  of  the 
country  towards  the  Delaware.  It  carries  on  a brifk 
trade  with  Philadelphia  in  flour.  It  is  the  greated 
carrying  place  between  the  navigable  waters  of  the 
Delaware  and  Chefapeak  ; which  are  13  miles  afunder 
at  this  place.  It  was  built  by  the  Swedes,  in  1640, 
and  thus  called  after  their  queen. — ib, 

Christiana  Creek,  on  which  the  above  town  is  fitu- 
ated, falls  into  Delaware  river  from  the  S.  W.  a little 
below  Wilmington. 

It  is  propofed  to  cut  a canal  of  about  9 miles  in 
length,  in  a S.  wedern  direftion  from  this  creek,  at  the 
town  of  Chridiana  (6  miles  W.  S.  W.  of  New-Cadle) 
to  Elk  river  in  Maryland,  about  a mile  below  Elkton. 

— ib. 

Christiana,  St,  one  of  the  Marquefa  ifles,  called 
by  the  natives  Waitahu,  lies  under  the  fame  parallel 
with  St  Pedro,  3 or  4 leagues  more  to  the  wed.  Re- 
folutlon  bay,  near  the  middle  of  the  W.  fide  of  the 
ifland,  is  in  iat.  9.  55.  30.  S.  long.  139.  8.  40.  W. 
from  Greenwich;  and  the  W.  end  of  Dominica  N.  15.. 

W. 
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W.  Capt.  Cook  gave  this  bay  the  name  of  his  (hip. 

It  was  called  Port  Madre  de  Dios  by  the  Spaniards. 
This  ifland  produces  cotton  of  a fuperior  kind.  A fpe- 
cimen  of  it  is  depofited  in  the  mufeum  of  the  Maff.  Hift. 
Society. — ib. 

CHRISTIANSBURG,  the  chief  town  of  Montgo- 
mery CO.  Virginia.  It  contains  very  few  houfes  ; has 
a court-houfe  and  gaol,  fituated  near  a branch  of  Lit- 
tle river,  a water  of  the  Kanhaway.  N.  lat.  37.  5. — ib. 
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On  this  account  we  (hall  not  here  attempt  to  correft 
what  we  really  think  the  miftakes  of  him  who  compiled 
the  feftion  of  ecclefiaftical  hiftory  in  the  Encyclopaedia. 
Molheim  and  Sir  Peter  King,  whom  he  feems  to  have 
implicitly  followed,  were  indeed  great  men  ; and  it 
would  be  folly  to  deny  that  the  Hijlory  of  the  former, 
and  the  Inquiry  of  the  latter,  into  the  ConJHUilion  of  the 
Primitive  Church,  are  works  of  learning  and  ingenuity  ; 
but  it  is  not  perhaps  too  much  to  fay,  that  both  au- 
CHRISTIANSTED,  the  principal  town  in  the  ifland  thors  wrote  under  the  influence  of  prejudice.  Our  rea- 
ders will  difcover  how  clofely  either  the  one  or  the  other 
has  adhered  to  truth,  by  ftudying  the  ecclefiaftical  wri- 
ters of  the  firft  four  centuries.  Such  a ftudy  will  make 
them  acquainted  with  the  dodtrines,  difcipline,  and  wor- 
fhip  of  the  church  before  it  was  incorporated  with  the 
ftate  ; and  we  know  not  that  kind  of  knowledge  which 
is  of  more  importance  to  the  divine,  however  much  it 
may  be  defpifed  in  this  age  of  affected  fcience  and  real 
ignorance. 

Of  the  principal  churches  at  prefent  exifting,  a pretty 
full  account  is  given  in  the  Encyclopsedki,  either  under 
their  different  denominations,  or  under  the  titles  of  thofe 


Church. 


of  Santa  Cruz,  fituated  on  the  N.  fide  of  the  ifland, 
on  a fine  harbor.  It  is  the  refidence  of  the  Danifli 
governor,  and  is  defended  by  a ftone  fortrefs. — ib. 

CHRISTMAS  If  and,  in  the  Pacific  ocean,  lies  en- 
tirely folitary,  nearly  equally  diftant  from  the  Sandwich 
iflands  on  the  N.  and  the  Marquefas  on  the  S.  It  was 
fo  named  by  captain  Cook,  on  account  of  his  firft  land- 
ing there,  on  Chriftmas  day.  Not  a drop  of  frefh  wa- 
ter was  found  by  digging.  A fhip  touching  at  this  de- 
folate ifle  muft  expedf  nothing  but  turtle,  fifti,  and  a 
few  birds.  It  is  about  15  or  20  leagues  in  circumfer- 
ence, and  bounded  by  a reef  of  coral  rocks,  on  the  W. 


fide  of  which  there  is  a bank  of  fine  fand,  extending  a tenets  by  which  they  are  chiefly  diftinguiflied  ; fo  that 
mile  into  the  fea,  and  affording  good  anchorage.  N.  from  that  Work  alone  a reader  may  form  a tolerably 
lat.  I.  59.  W.  long.  157.  30. — lb.  accurate  notion  of  the  faith,  worlhip,  conftiiution,  and 

Christmas  Sound,  in  Terra  del  Fuego,  South  Ame-  difcipline  of  the  church  of  Rome,  the  churches  of  Eng- 
rica,  in  N.  lat.  55.  21.  W.  long.  69.  57. — ib.  land  and  Scotland,  the  Lutheran  and  Calviniftical 

CHRONOLOGICAL  characters  are  charaders  churches  on  the  continent  of  Europe,  as  well  as  of  tke 
by  which  times  are  diftinguiihed.  Of  thefe  fome  are  various  feds  which  have  arlfen  in  thefe  kingdoms  du- 
natural  or  aftronomical ; others,  artificial  or  hiftorical.  ring  the  courfe  of  the  laft  and  prefent  centuries.  There 
The  natural  charaders  are  fuch  as  depend  on  the  mo-  is,  however,  one  church  which  boaftsof  a very  high  an- 
tions  of  the  ftars  or  luminaries,  as  ecUpfes,  folfices,  equi~  tiquity,  and  is  certainly  fpread  over  a larger  extent  of 


noxes,  the  different  afpeSs  of  the  planets.  See.  The  ar- 
tificial charaders  are  thofe  that  have  been  invented  and 
eftabliftied  by  men  ; as  the  folar  cycle,  the  lunar  cycle. 
See.  Hiftorical  chronological  charaders  are  thofe  fup- 
ported  by  the  teftimony  of  hiftorians,  when  they  fix  the 
dates  of  certain  events  to  certain  periods.  Hutton's  Ma- 
thematical DiRionary. 

CHRONOSCOPE,  a word  fometimes  ufed  to  de- 
note a pendulum  or  machine  to  meafiire  time. 


country  than  all  the  other  churches  that  we  have  men- 
tioned, of  which  the  account  given  in  the  Encyclopte- 
dia  is  exceedingly  defedive.  Our  readers  will  perceive 
that  the  church  to  which  we  allude  is  j 

The  Greek  Church,  which  comprehends  in  its  bo-  The  Greek 
fom  (a)  a confiderable  part  of  Greece,  the  Grecian 
ifles,  Wallachia,  Moldavia,  Egypt,  Abyifinia,  Nubia, 

Lybia,  Arabia,  Mefnpotamia,  Syria,  Cilicia,  and  Pale- 
ftine,  which  are  all  under  the  jurifdidion  of  the  patri- 


CHUCKIAH,  in  Bengal,  the  jurifdidion  of  a Fo-  archs  of  Conftantinople,  Alexandria,  Antioch,  and  Je- 
gedar.  See  Fogedar  in  this  Supplement.  rufalem.  If  to  thefe  we  add  the  whole  of  the  Ruffian 

CHURCH  is  a word  which  has  many  different  fig-  empire  in  Europe,  great  part  of  Siberia  in  Afia,  Af- 
nifications,  all  fufficicntly  explained  in  the  Encyclopse-  tracan,  Cafan,  and  Georgia — it  will  be  evident  that  the 
dia,  where  there  is  likewife  given  a concife  hifory  of  the  Greek  church  has  a wider  extent  of  territory  than  the 

Latin,  with  all  the  branches  which  have  fprung  from 
it ; and  that  it  is  with  great  impropriety  that  the  church 
of  Rome  is  called  by  her  members  the  catholic  or  uni- 
verfal  church.  That  in  thefe  widely  diftant  countries 
the  profeffors  of  Chriftianity  are  agreed  in  every  minute 
article  of  belief,  it  would  be  ralh  to  affert ; but  there  is 


Chriftian  church  (fee  History,  Sed.  ii.),  defedive, 
indeed,  but  perhaps  not  more  fo  than  was  to  be  exped- 
ed  from  the  limits  of  the  work  and  the  extent  of  the 
fubjed. 

Of  the  conftitution  of  the  primitive  and  apoftolical 
church,  no  man  can  have  a corred  notion  who  has  not 
taken  the  trouble  to  confult  the  primitive  and  apoftoli-  certainly  fuch  an  agreement  among  them  with  refped 


cal  writers  ; for,  as  we  have  elfewhere  obferved,  all  mo- 
dern compilers  of  ecclefiaftical  hiftory  are  more  or  lefs 
prejudiced  in  behalf  of  the  particular  church  to  which 
they  belong,  and  wreft  the  language  of  the  original 
writers  fo  as  to  make  them  bear  witnefs  to  the  antiqui- 
ty of  modes  of  faith  and  eceleftafUcal  polity,  which  are  not 
perhaps  a hundred  years  old. 

SUPPL.  VoL.  I. 


both  to  faith  and  to  difcipline,  that  they  mutually  hold 
communion  with  each  other,  and  are  in  fad  but  one 
church. 

As  the  Greek  church  has  no  public  or  eftabliftied 
articles,  like  thofe  of  the  churches  of  England  and 
Scotland,  we  can  colled  what  is  its  dodrine  only  from 
its  creed,  from  the  councils  whofe  decrees  it  receives 

3 ^ (b), 


(a)  King's  Rites  and  Ceremonies  of  the  Creek  Church — Bruce's  Travels  to  the  Source  of  the  Nile — and 
V oyage  to  Ahyjfmia. 
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(b),  from  tliie  (JifFerent  offices  in  its  liturgies,  and  from 
the  catechifms  which  it  authorifes  to  be  taught.  “ The 
dodrine  of  the  Trinity,  and  the  articles  of  the  Nicene 
and  Athanafian  creeds,  are  received  by  the  Greeks  in 
common  with  other  Chriftians.  In  one  particular,  in- 
deed, they  differ  from  the  other  churches  of  Europe, 
whether  Romifh  or  reformed.  They  believe,  that  the 
Holy  Spirit  proceeds  from  the  Father  only,  and  not 
from  the  Father  and  the  Son ; and  in  defence  of  this 
opinion  they  appeal  to  ecclefiaftical  hiftory,  the  adts 
of  councils,  the  writings  of  the  fathers,  ancient  manu- 
feripts,  and  efpecially  to  a copy  of  the  creed  of  Con- 
hantinople,  engraven  on  two  tables  of  filver,  and  hung 
up  in  the  church  of  St  Peter  at  Rome  by  order  of  Leo 
III.  Of  the  Nicene  or  Conftantinopolitan  creed,  there- 
fore, as  it  is  received  by  them,  the  eighth  article  runs 
in  thefe  words  ; ‘ I believe  in  the  Holy  Ghoft,  the 
Lord  and  Giver  of  life,  who  proceedeth  from  the  Fa- 
ther, and  with  the  Father  and  the  Son  together  is 
worfliipped  and  glorified  And  the  correfponding  ar- 
ticle of  the  Athanafian  creed  is  of  courfe,  “ The  Holy 
Ghoft  is  of  the  Father,  neither  made,  nor  created,  nor 
begotten,  but  proceeding  f 

Though  the  bifhops  and  clergy  of  the  Greek  church 
abhor  the  ufe  of  images,  which  they  pretend  to  be  one 
caafe  of  their  feparation  from  the  fee  of  Rome,  they  ad- 
mit into  their  churches  the  pidlures  of  faints  to  inftrudt, 
they  fay,  the  ignorant,  and  to  animate  the  devotion  of 
others.  This  pradtice  they  confider  as  by  no  means 
contrary  to  the  fecond  commandment  of  the  decalogue, 
which,  according  to  them,  prohibits  only  the  worfhip- 
ping  of  fuch  idols  as  the  Gentiles  believed  to  be  gods ; 
whereas  their  pidlures,  being  ufed  merely  as  remem- 
brancers of  Chrift  and  the  faints,  have  written  on  each 
of  them  the  name  of  the  perfon  whom  it  is  meant  to  re- 
prefent.  Dr  King  affures  us  that  the  more  learned  of 
the  Ruffian  clergy  would  willingly  allow  no  reprefenta- 
tion  whatever  of  God  the  Father;  and  that,  during  the 
reign  of  Peter  the  Great,  the  fynod  not  only  cenfured 
the  ufe  of  fuch  pidlures  in  churches,  but  petitioned  the 
emperor  that  they  might  be  everywhere  taken  down. 
Peter,  how'ever,  though  he  fully  concurred  in  opinion 
with  the  fynod,  thought  this  a meafure  for  which 
the  minds  of  his  fubjedts  were  not  ripe,  and  dreaded, 
that  if  carried  into  execution  It  would  occalion  a gene- 
ral Infurredlion.  Such  pidlures,  therefore,  though  not 
more  impious  than  abfurd,  are  ftill  In  ufe  ; and  in  many 
churches,  as  w^ell  ancient  as  modern,  the  figure  of  Da- 
niel’s Ancient  of  Days,  together  with  that  of  Chrift  and 
a dove,  are  painted  in  one  group  to  fignify  the  Holy 
Trinity.  Nay,  when  our  author  was  in  St  Peterfburg, 
not  thirty  years  ago,  there  was  in  the  church  of  St  Ni- 
cholas the  pidlure  of  an  old  man  holding  a globe,  and 
furrounded  with  angels,  on  which  God  the  Father 
was  inferibed  ; and  we  have  not  heard  that  the  pidlure 
has  been  fince  taken  down. 


In  the  Greek  as  well  as  in  the  Roman  church,  the 
invocation  of  faints  is  pradlifed,  but  they  are  not  invo- 
ked in  either  as  deities,  but  merely  as  interceffors  with 
the  Supreme  God,  “ it  being  more  modeft  (fay  the 
Greeks),  as  w'ell  as  more  available,  to  apply  to  them  to 
intercede  with  God,  than  to  addrefs  ourfelves  immedi- 
ately  to  the  Almighty.”  Plaufible  as  this  reafoning 
may  at  firft  fight  appear,  it  aferibes  to  the  faints  the  di- 
vine attribute  of  ubiquity,  and  is  likewife  in  diredl  con- 
tradidlion  to  the  dodlrine  of  St  Paul,  who  hath  taught 
us,  that  as  “ there  Is  one  God,  fo  there  is  but  one  me- 
diator between  God  and  man,  the  man  Chrift  Jefus.” 

The  Greek  church,  at  the  celebration  of  the  Lord’s 
Supper,  commemorates  the  faithful  departed,  and  even 
prays  for  the  remiffion  of  their  fins ; but  (he  allows  not 
of  purgatory,  nor  pretends  to  determine  dogmatically 
concerning  the  ftate  or  condition  of  departed  fouls. 
She  muft,  however,  believe  that  no  final  judgment  is 
paffed  upon  the  great  body  of  mankind  (c)  till  the 
confummation  of  all  things,  otherwife  fuch  prayers 
could  not  be  offered  without  abfurdity ; and  in  this  part 
of  her  do<ftrine  fhe  is  certainly  countenanced  by  all  the 
writers  of  the  primitive  church,  if  not  by  fome  paffages 
of  the  facred  feriptures.*  The  pradice  of  praying  for 
the  dead  is  loudly  condemned  in  every  Proteftant  coun- 
try, and  yet  there  is  no  Chriftian  who  does  not  in  effed 
pray  for  his  departed  friends.  This  may  appear  a pa- 
radox, but  it  is  an  obvious  and  a certain  truth  ; for 
where  is  the  man  who  believes  in  a general  judgment, 
and  does  not  vui/h  that  his  deceafed  wife,  or  parent,  or 
child,  or  friend,  “ may  find  mercy  of  the  Lord  in  that 
day  ?”  Such  a wifh  is  the  effence  of  a prayer ; w'hleh 
confifts  not  of  the  founds  in  which  our  fentiments  are 
cloathed,  but  in  the  afpirations  of  a devout  heart. 

Supererogation,  with  its  conffquentindulgcncies  and 
difpenfations,  which  were  once  fo  profitable,  and  after- 
w'ards  fo  fatal  to  the  interefts  of  the  court  of  Rome,  are 
utterly  difallowed  in  the  Greek  church,  which  likewife 
lays  no  claim  to  the  charader  of  infallibility.  She  is  in- 
deed like  fome  other  churches,  very  inconfiftent  on  this 
laft  topic ; for  whilft  fhe  pretends  not  to  an  abfolute 
exemption  from  error,  her  clergy  feem  to  confider  their 
own  particular  mode  of  worlhip  as  that  which  alone  Is 
acceptable  to  God. 

Predeftination  is  a dogma  of  the  Greek  Church, 
and  a very  prevailing  opinion  amongft  the  people  of 
Ruffia  ; “ and  I mull  do  the  juftice  (fays  Dr  King)  to 
thofe  who  have  written  upon  it,  efpecially  the  lateft 
authors  of  that  country,  to  fay  that  they  have  treated 
it,  as  depending  on  the  attribute  of  prefcience  in  the 
divine  nature,  with  a much  better  kind  of  logic  than 
that  with  which  fuch  points  are  generally  difeuffed.” 
As  our  author  has  not  given  us  the  reafoning  of  the 
Ruffian  dodors  on  this  difficult  fubjed,  we  cannot  ha- 
zard any  opinion  of  our  own  on  the  foundnefs  of  their 
logic  ; but  from  the  ftate  of  fcience  in  that  vaft  empire. 
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(b)  In  the  Greek  church  feven  general  councils  are  received,  and  nine  provincial  ones.  The  feven  general 
councils  are,  i . The  council  of  Nice,  held  in  the  year  525,  under  Conftantine.  2.  The  firft  council  of  Conftan- 
tinople,  held  A.  D.  381,  under  Theodofius  the  Great.  3.  The  council  of  Ephefus,  A.  D.  431,  in  the  reign 
of  Theodofius  Minor.  4.  The  council  of  Calcedon,  A.  D.  451,  in  the  reign  of  Marcian.  5.  The  fecond  coun- 
cil of  Conftantinople,  A.  D.  553,  in  the  reign  of  Juftinian.  6.  The  third  council  of  Conftantinople  in  Trull, 
A.  D.  680,  in  the  reign  of  Conftantine  Pagonatus.  7.  The  fecond  council  of  Nice,  A.  D.  787- 

(c)  We  fay  the  great  body  of  mankind,  becaufe  ffie  doubtlefs  believes  that  Enoch,  Elias,  and  thofe  faints  who 
rofe  with  our  Saviour,  have  been  already  judged,  and  now  enjoy  their  reward  in  heaven. 
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Church,  as  it  was  reprefented  to  us  by  an  abler  judge  than  he, 
we  doubt  of  its  being  entitled  to  the  praife  which  he 
g bellows  on  it.  (See  Russia,  n“  104.  Encycl.) 
cTcn  fa-  In  the  Greek  church  there  are  feven  facraments  ; or,  as 
ranients.  they  are  there  termed,  myjleriest  viz.  laptifm  ; the  chrifmy 
or  baptifmal  unftion  ; the  eucharijl ; confejfion  ,•  ordina- 
tion : marriage ; and  the  myftery  of  the  holy  oil,  or  eu- 
cbelaion.  By  the  Greeks  a myftery  is  defined  to  be 
“ a ceremony  or  a<ft  appointed  by  God,  in  which  God 
giveth  or  fignifieth  his  grace  j and  of  the  feven  which 
they  celebrate,  four  are  to  be  received  by  all  Chriftians, 
viz.  baptifm,  the  haptifmal  unSion,  the  eucharijl,  and  con- 
fejfton.  Of  thefe,  hapiifm  and  the  eucharijl  are  deemed 
the  chief ; and  of  the  other  three  none,  not  even  the 
euchelaion,  is  confidered  as  obligatory  upon  all. 

With  refpecl  to  baptifm,  we  know  not  that  they  hold 
any  peculiar  opinions.  They  confider  it  indeed  as  fo 
abiblutely  necefiary  to  falvation,  that  in  cafes  of  extre- 
mity, when  a prieft  or  deacon  cannot  be  had,  it  may  be 
adminiftered  by  a midwife  or  any  other  perfon,  and  is 
not  to  be  repeated  on  any  occafion  whatever.  In  this 
opinion,  as  well  as  in  the  praftice  founded  on  it,  they 
are  in  perfed  harmony  with  the  church  of  Rome, 
which,  as  every  perfon  knows,  has  for  many  ages  al- 
lowed the  validity  of  lay  baptifm  in  cafes  of  necefllty. 
The  Portuguefe  Jefuits,  who  in  the  laft  century  vifited 
Abyffinia  in  the  capacity  of  miflionaries,  have  maintain- 
ed that  once  everjh  year,  all  grown  people  are  in  that 
country  baptized  : but  Mr  Bruce  has  fhown,  by  the 
moft  incontrovertible  evidence,  that  this  was  a mere 
fidion,  invented  to  throw  odium  upon  what  the  church 
of  Rome  calls  the  eaftern  fchifm,  and  abhors  perhaps 
p more  than  paganifm  itfelf. 
i)aily  fer-  The  daily  fervice  of  the  Greek  Church  is  fo  long  and 
lice  of  the  fo  complicated,  that  it  is  impoffible  for  us  to  give  an 
lurch,  adequate  account  of  it,  without  fwelling  this  article  far 
10  beyond  its  due  proportion.  Of  this  the  reader  will  be 
itricate  convinced,  when  he  is  informed  that  the  feveral  books 
ndtediouB,  containing  the  church  fervice  for  all  the  days  in  the 
year,  amount  to  more  than  twenty  volumes  in  folio, 
befides  one  large  volume  called  the  regulation,  which 
contains  the  diredions  how  the  reft  are  to  be  ufed. 

The  four  gofpels  make  one  volume  by  themfelves  ; 
and  whenever  the  gofpel  is  read  in  any  fervice,  the  dea- 
con exclaims  ; “ Wifdom,  ftand  up.  Let  us  hear  the 
holy  gofpel.”  The  prieft  then  faith,  “The  lelfon  from 
the  gofpel  according  to  St  Matthew,  St  Mark,  &c.” 
The  deacon  fays  again,  “Let  us  ftand.”  The  choir, 
at  the  beginning  and  end  of  the  gofpel,  always  fays, 
“ Glory  be  to  thee,  O Lord,  glory  be  to  thee.”  From 
the  old  teflament  and  the  epiftles  extrads  only  are  ufed 
in  the  fervice,  and  when  they  are  to  be  read,  the  dea- 
con calls  out,  “Attend.” 

The  fervice  of  this  church,  as  it  now  ftands,  and  was 
at  firft  drawn  up  in  writing,  is  calculated  for  the  ufe  of 
monafteries  ; and  when  it  was  afterwards  applied  to  pa- 
rochial churches,  many  of  the  offices  or  forms,  which 
were  compofed  for  different  hours  of  the  day  and  night, 
were  ufed  as  one  fervice,  without  the  flighteft  altera- 
tion being  made  to  avoid  repetitions.  Something  of 
this  kind,  has  taken  place  in  the  church  of  England, 
where  the  matins,  the  litany,  and  tlie  communion, 
which  were  formerly  three  diftind  fervices,  read  at  dif- 
ferent times  of  the  day,  are  now  run  into  one  fervice ; 


which  by  thofe  not  accuftomed  to  it  is  therefore  deem-  Church* 
ed  long,  as  well  as  deformed  by  needlefc  repetitions. 

The  fervice  of  every  day^,  whether  it  has  a vigil  or  Begins  in 
not,  begins  in  the  evening  of  what  we  would  call  the  the  evenr 
preceding  day,  as  among  the  Jews  ; and  for  the  fame 
reafon,  becaufe  it  is  faid  in  the  Mofaic  account  of  the 
creation,  that  “ the  evening  and  the  morning  were  the 
firft  day.”  The  feveral  fervices,  according  to  the  ori- 
ginal or  monkifli  inftitution,  are,  I.  The  vefpers,yfi\i\zh. 
ufed  to  be  celebrated  a little  before  fun-fet ; 2.  The  af- 
ter •vefpcrs,  anfwering  to  the  conipktorum  of  the  Latin 
church,  which  ufed  to  be  celebrated  after  the  monks 
had  flipped,  and  before  they  went  to  bed  ; 3.  The  me- 
foayeSicon,  or  midnight  fervice  ; 4.  The  matins  at  break 
of  day,  anfwering  to  the  laudes  of  the  Romith  church  ; 

5.  The firjl  hour  of  prayer,  or  prima,  at  fun-rife  ; 6. 

The  third  hour,  or  tertia,  at  the  third  hour  of  the  day  ; 

7.  'Vh.zfixth  hour,m  fexta,  ?XViOor\  \ 8.  ninth  hour, 
or  nona,  in  the  afternoon  at  the  ninth  hour  of  the  day. 

Thefe  are  called  the  canonical  hours  ; but  it  is'  to  be 
obferved,  that  the  afier-vefpers  were  not  added  till  a 
late  period,  before  which  the  reafon  aftigned  for  the 
number  of  fervices  being  feven,  was,  that  David  faith, 

“ Seven  times  a day  will  I praife  thee.”  When  all  the 
pfalms  and  hymns  were  fung,  thefe  daily  fervices  could 
not  poflibly  have  been  performed  in  lefs  than  twelve  or 
fourteen  hours.  In  th?  church  of  Ruffia,  and  probably  in 
other  branches  of  the  Greek  church,  there  are  at  prefent 
but  three  fervices  in  the  day  ; the  ninth  hour,  the  vefpers, 
and  the  after  vefpers  making  one  ; the  mefonyeTicon,  the 
matins,  and  prima,  another  ; and  the  third  and  fixth 
hour,  with  the  communion,  the  laft.  In  all  the  fervices, 
except  the  communion,  prayers  and  praifes  are  offered 
to  fome  faint,  and  to  the  Virgin  Mary,  almoft:  as  often 
as  to  God  j and  in  fome  of  the  fervices,  after  every 
fhort  prayer  uttered  by  the  deacon  or  the  prieft,  the 
choir  chaunts,  “ Lord  have  mercy  upon  us,”  thirty, 
forty,  or  fifty  times  fucceffivcly. 

Though  the  number  of  fervices  is  the  fame  every 
day,  the  fervices  themfelves  are  conftantly  varying  in 
fome  particular  or  other,  as  there  is  not  a day  which, 
in  the  Greek  Church,  is  not  either  a faft  or  a feftival, 

Befides  the  faints,  whofe  feftivals  are  marked  in  the  ca- 
lendar, and  who  are  fo  very  numerous  that  there  are 
more  than  one  for  every  day  in  the  year,  there  are  other 
faints  and  feftivals,  to  which  fome  portion  of  the  fervice 
for  every  day  of  the  week  is  appropriated.  Thus, Sunday 
is  dedicated  to  the  refurreftlon  ; Monday,  to  the  angels  j 
Tuefday,  to  St  John  Baptift  ; Wednefday,  to  the  virgin 
and  the  crofs ; Thurfday,  to  the  apoftles  ; Friday,  to  the 
paffion  of  Chrift  j and  Saturday,  to  the  faints  and  mar- 
tyrs. For  thefe  days  there  are  particular  hymns  and 
fervices,  in  two  volumes  folio,  to  which  there  is  a fup- 
plement,  containing  fervices  for  the  faints  and  feftivals, 
as  they  occur  in  the  calendar  throughout  the  year. 

Thefe  different  fervices  are  mixed  together,  and  adjuft- 
ed  by  the  directions  contained  in  the  book  of  regulation  ; 
and  it  is  the  difficulty  of  this  adjuftment  which  makes  the 
public  worfhip  of  the  Greek  Church  fo  very  intricate, 
that,  as  was  faid  of  the  fervice  of  the  Englifti  church 
before  the  Reformation,  “ there  is  more  bufinefsto  find 
out  what  fttould  be  read,  than  to  read  it  when  found 
out.” 

We  have  obferved,  that  the  Greeks  have  no  peculiar 
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Church.  cp’nioBs  rerpedling  the  nature  of  baptifm  ; but  the  rites 
and  ceremonies  with  which  that  ordinance  is  admini- 
12  ftered  will  appear  to  our  unlearned  readers  very  extra- 
Modeofad-  ordinary.  On  the  day  that  a woman  is  delivered,  the 
miniftermg  goes  to  the  houfe,  and  ufes  a form  of  prayer  for 

rapti  m.  child.  On  the  eighth  day  the  child 

lliould  be  regularly  carried  to  the  church,  where  the 
pried  having  figned  it  with  the  fign  of  the  crofs  on  the 
forehead,  on  the  mouth,  and  on  the  bread,  offers  up 
for  it  a prayer,  in  whicli  he  fird  gives  it  a name,  com- 
monly tl.'e  name  of  the  faint  for  that  day  in  the  calen- 
dar ; he  then  takes  it  from  the  midwife,  and  danding 
before  the  pidure  of  the  bleffed  virgin,  he  makes  the 
iign  of  the  crofs  with  the  infant,  uttering  a kind  of 
hymn  in  honour  of  the  Virgin,  and  of  Simeon,  who 
held  in  his  bofom  the  Saviour  of  our  fouls.  He  then 
difmiffes  the  company  with  an  exhortation  not  to  delay 
the  baptizing  of  the  infant  ihould  it  appear  in  danger 
of  death  before  the  regular  time  for  its  baptifm. 

On  the  fortieth  day  after  her  delivery,  the  mother 
fiiouid  attend  the  church  to  be  purified,  and  carry  the 
child  again  to  be  prefented,  the  perfon  who  is  to  be 
fponfor  being  prefent.  Upon  their  arrival  at  the  church 
door,  the  pried  utters  fome  pious  exclamations  ; and 
then,  the  mother  holding  the  child  in  her  arms  and 
bowing  down  her  head,  he  makes  the  fign  of  the  crofs 
upon  her  and  the  child,  and  laying  his  hand  upon  its 
head,  he  prays,  that  the  woman  may  be  cleanfed  from 
evary  fin,  and  from  every  defilement,  and  that  the  child 
may  be  fanctified  and  endued  with  underdanding,  with 
wifdom,  and  with  gentlenefs  of  manners.  He  then 
figns  it  again,  and  again  prays  for  it,  for  its  parents, 
and  for  its  fponfor;  after  which,  if  it  has  been  privately 
baptized,  he  takes  it  in  his  arms,  and  makes  with  it  the 
fign  of  the  crofs  before  the  door  of  the  church,  faying, 
“ N.  N.  the  fervant  of  God,  enters  into  the  church  in 
the  name  of  the  Father,  and  of  the  Son,  and  of  the 
Holy  Ghod,  now  and  forever,  even  unto  ages  of  ages. 
Amen.”  He  then  carries  the  child  into  the  church, 
faying,  “ He  diall  go  into  thine  houfe,  and  diall  worfhip 
toward  thy  holy  temple  and  advancing  into  the  mid- 
dle of  the  church,  he  fays,  “ In  the  midd  of  thy  church 
fhall  he  praife  thee.”  Then  if  the  child  be  a boy,  he 
carries  him  within  the  rails  of  the  altar  ; but  if  a girl, 
only  to  the  door,  and  fays,  ‘^Nunc  dlmittis^D)  after 
W'hich  he  delivers  it  to  the  fponfor,  who  makes  three 
reverences,  and  retires. 

This  is  called  the  prefentation  of  the  child  in  the 
temple,  and  can  only  be  performed  after  it  has  been 
baptized.  In  the  detail  we  have  given,  we  have  fuppo- 
fed  that  it  was  baptized  privately  before  the  purifica- 
tion of  the  mother,  which  is  now  indeed  commonly  the 
cafe.  Such  baptifm,  however,  is  not  regular,  being  al- 
low^ed  only  in  cafes  of  neceffity,  and  when  it  has  not 
taken  place,  the  mother  and  child  are  difmiffed  as  foon 
as  die  is  purified,  and  return  at  fome  other  time,  not 
fixed,  in  order  that  the  child  may  be  publicly  baptized. 

Previous  to  baplii'm,  the  child,  though  not  two 
months  old,  mud  be  folemnly  initiated  into  the  church 
as  a catechumen  (See  Catechumen  Eneycl.).  By 
thofe  whofe  religion  is  areafonable  fervice,  fuch  initia- 


tion of  an  infant  will  be  confidered  as  a very  idle  cere- 
mony ; and  the  rites  with  which  it  is  performed  are  not  '' 
well  calculated  to  give  it  even  a fidlitious  importance. 
At  the  door  of  the  church  the  pried  unties  the  girdle 
of  the  infant ; takes  off  all  his  clothes  but  one  loofe  gar- 
ment ; turns  him  towards  the  ead  with  his  head  unco- 
vered, his  feet  naked,  and  his  hands  held  down  ; blows 
thrice  in  his  face  ; figns  him  thrice  with  the  fign  of  the 
crofs  on  the  forehead,  and  on  the  bread,  and  lays  his 
hand  upon  his  head,  praying  that  his  “ ancient  error 
may  be  put  away  from  him,  that  his  heart  may  be  fil- 
led with  faith,  hope  and  charity  ; and  that  he  may 
walk  in  the  ways  of  God’s  commandments.”  The 
pried  then  four  times  exorcifes  the  infant,  commanding 
Satan  in  the  fird  exorcifm  to  “tremble,  depart,  and 
flee  from  Chrid’s  creature,  nor  dare  to  return  again, 
nor  dare  to  lurk  concealed  within  him,  or  to  meet  him 
or  to  meditate  againd  him,  either  in  the  evening  or  the 
morning,  at  midnight,  or  at  noon  day.”  In  the  lad 
exorcifm  he  blows  thrice  upon  the  child’s  mouth,  upon 
his  forehead,  and  upon  his  bread  ; faying,  each  time, 
“ Drive  away  from  him  every  evil  and  unclean  fpirit 
that  lurks  in  him,  and  hath  made  itfelf  a ned  in  his 
heart.”  The  child  is  now  become  a catechumen,  and, 
being  turned  to  the  wed  uncovered,  without  fhoes,  and 
his  hands  lifted  up,  the  pried  repeatedly  alks  him,  if  he 
renounces^  and  has  renounced  the  Devil  and  all  his  works  ? 
and  receiving  from  the  fponfor  the  proper  anfwer,  he 
fays,  “ blow  and  fpit  upon  him  ;”  and  having  blown 
and  fpit  upon  the  catechumen,  he  turns  him  to  the  ead, 
and  holding  down  his  hands,  aflcs  him  repeatedly  if  he 
be  joined  to  Chrid,  and  if  he  believes  in  him  ? The  ca- 
techumen or  his  fponfor  replies  to  each  quedion,  that 
he  is,  and  has  been,  joined  to  Chrift  ; and  as  a proof  of 
his  faith  he  repeats,  from  beginning  to  end,  the  Nicene 
creed.  After  a repetition  of  the  formerly  repeated 
quedions  and  anfwers,  the  pried  prays  that  the  cate- 
chumen may  be  called  to  God’s  holy  fanftification,  and 
receive  the  grace  of  God’s  holy  baptifm. 

Baptifm  may  be  celebrated  immediately  after  the 
candidate  has  been  made  a catechumen,  or  on  any  fub- 
fequent  day  at  no  great  didance.  In  the  fird  part  of 
the  form  there  is  not  much  that  is  Angular,  or  with 
which  every  fcholar  is  not  acquainted.  After  praying 
that  the  water  may  be  fandified,  in  terms  differing  little 
from  thofe  which  are  ufed  in  the  mod  refpeftable  Pro- 
tedant  churches,  the  pried  dips  his  fingers  in  it,  figns 
it  thrice  with  the  fign  of  the  crofs;  and  then  blowing 
upon  it,  fays  three  times,  “ Let  every  adverfe  power  be 
confounded  under  the  fign  of  the  crofs.”  He  then  fo- 
lemnly exorcifes  it  of  the  daemon  of  darknefs  and  all 
evil  fpirits  ; and  prays,  that  “ the  perfon  to  be  baptized 
therein  may  put  off  the  old  man,  which  is  corrupt  after 
the  lud  of  fraud,  and  may  put  on  the  new  man  after 
the  image  of  Him  that  made  him.”  After  this,  he 
blows  thrice  into  a veffel  of  oil  of  olives  held  by  the 
deacon,  figtis  it  thrice  with  the  dgn  of  the  crofs ; and 
prays  fervently,  that  it  may  “ become  to  thofe  who  are 
anointed  with  faith,  and  are  partakers  thereof,  the  unc- 
tion of  incorruption,  the  armour  of  righteoufnefs,  the 
renewing  of  foul  and  body,  for  turning  afide  all  maehi- 

nations 
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(d)  We  quote  the  words  of  Dr  King.  Is  itpoffible  that  in  the  Greek  Church  Latin  hymns  are  ufed,  or  that 
Greek  hymns  have  Latin  defignations  ? 
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nations  of  the  devil,  and  for  deliverance  from  all  evil.”  ru,  fandarac,  wliiteft  maftic,  and  Venice  turpentine.  Church. 
He  then  fings  allelujah  thrice  with  the  people,  and  With  this  holy  mixture  the  baptized  perfon  is  anointed, 
pours  the  oil  on  the  top  of  the  water ; and  making  the  prieft  making  with  it  the  fign  of  the  crofs  on  his 
three  crofles  with  it,  fays  aloud,  “ BlelTed  be  God,  who  forehead,  on  his  eyes,  his  noftrils,  his  mouth,  both  ears, 
enlighteneth  and  fandlifieth  every  man  that  cometh  in-  his  bread,  his  hands,  and  his  feet ; faying  at  each  part, 
to  the  world,  now  and  forever,  even  unto  ages  of  ages.”  “ The  fcal  of  the  gift  of  the  Holy  Ghoft.  Amen.” 

The  perfon  to  be  baptized  is  then  prefented;  and  the  Then  with  the  fponfor  and  the  child  he  goes  thrice 
prieft,  taking  fome  of  the  oil  with  two  fingers,  and  mak-  round  the  font,  turning  from  the  right  to  the  left ; the 
ing  the  fign  of  the  crofs  on  his  forehead,  on  his  breaft,  choir,  in  the  mean  time,  finging,  “ As  many  of  you  as 
and  betwixt  his  fhoulders,  fays,  “ N the  fervant  of  God  are  baptized  unto  Chrift  have  put  on  Chrift,  allelujah.” 
is  anointed  with  the  oil  of  gladnefs,  in  the  name  of  the  Seven  days  after  this  ceremony  is  performed,  the 
Father,  and  of  the  Son,  and  of  the  Holy  Ghoft,  now  child  is  again  brought  to  the  church ; when  the  prieft, 
and  forever,  even  unto  ages  of  ages.  Amen.”  He  then  after  praying  for  him,  unties  his  girdle  and  linen  clothes, 
figns  him  on  the  breaft  and  the  middle  of  the  back,  wafhes  him  with  clean  water,  and,  fprinkling  him,  fays, 
faying,  “ For  the  healing  of  his  foul  and  body  ;”  then  “ Thou  haft  been  juftified,  enlightened,  fanflified,  in 
on  the  ears,  faying,  “ For  hearing  the  faith  ;”  then  the  name  of  our  Lord  Jefiis  Chrift,  and  with  the  Spirit 
on  the  palms  of  the  hands,  faying,  “ Thy  hands  have  of  our  God.”  Then  taking  a new  fponge  moiftened 
made  me  and  fafhioned  me  ;”  then  on  the  feet,  “ That  with  water,  he  walhes  his  face,  breaft,  &c. ; faying, 
he  may  walk  in  the  way  of  thy  commandments.”  Af-  “ Thou  haft  been  baptized,  enlightened,  anointed,  fanc- 
ter  the  whole  body  is  thus  anointed,  the  prieft  baptizes  tified,  wafhed,  in  the  name  of  the  Father,  and  of  the  Son, 
him,  ufing  the  trine  immerfion  ; which  is  unqueftionably  and  of  the  Holy  Ghoft,  now  and  for  ever,  even  unto  ages 
the  moft  primitive  manner.  He  takes  the  child  in  his  of  ages.  Amen.”  14 

arms,  and  holding  him  upright  with  his  face  towards  The  laft  ceremony  appended  to  baptifm  is  that  of  The  ton- 
the  eaft,  he  fays,  “ N the  fervant  of  God  is  baptized  (isf//-  the  tonfure,  or  {having  the  head  of  the  child  in  the 
ping  him  the  firjl  timely  in  the  name  of  the  Father,  A-  form  of  the  crofs.  At  what  time  this  rite  crept  into 
men ; in  the  name  of  the  Son  {^dipping  him  agahi).  A-  the  church  it  would  not  be  eafy  to  difcover.  Some 
men  ; and  of  the  Holy  Ghoft  {^dipping  him  the  third  think  it  received  its  origin  from  the  religious  ceremo- 
time).  Amen,  now  and  for  ever,  even  unto  ages  of  ages,  nies  of  the  Heathen,  who  certainly  rounded  the  corners 
Amen.”  After  the  baptifm,  the  prieft  wipes  his  hands,  of  their  heads,  and  marred  their  beards  at  a very  early 
and  with  the  people  fings  thrice,  from  beginning  to  period,  In  honor  of  their  idols  (See  Theology,  n“ 
end,  the  Pfalm  ; he  then  puts  upon  the  baptized  155.  Encj/cl.)  ; and  fome  pious,  but  foolifti  Chriftians, 
perfon  a white  garment ; faying,  “ N the  fervant  of  efteemed  it  highly  commendable  to  transfer  to  the  true 
God  is  clothed  with  the  garment  of  righteoufnefs,  in  God  that  worfhip,  in  a different  form,  which  had  been 
the  name  of  the  Father,  and  of  the  Son,  and  of  the  rendered  by  their  anceftors  to  falfe  deities.  Others 
Holy  Ghoft,  now  and  for  ever,  even  unto  ages  of  ages  will  have  the  tonfure  to  typify  the  dedication  of  the 
(e).”  He  then  prays  that  he  may  be  delivered  from  perfon  to  the  fervice  of  God  ; the  cutting  off  of  the 
the  evil  one,  and  all  his  infidious  fnares ; that  he  may  hair  being  always  confidered  as  a mark  of  fervitude. 
be  confirmed  in  the  true  faith;  and  that  he  may  pre-  Be  thefe  conjedlures  as  they  may,  the  prieft,  after  the 
ferve  his  foul  in  purity  and  righlieoufnefs ; and  proceeds  child  is  baptized,  offers  up  for  him  feveral  prayers,  all 
immediately  to  anoint  him  with  the  Holy  Chrifm.  alluding  to  the  rite  to  be  performed  ; and  then  cuts  his 

This  chrifm  is  a very  different  thing  from  the  oil  hair  crofs-wife,  faying,  “ N the  i'ervant  of  God  is  fhorn, 
with  which  he  was  anointed  previous  to  baptifm,  and  in  the  name  of  the  Father,  and  of  the  Son,  and  of  the 
which  was  ufed  in  the  confecration  of  the  bapiifmal  Holy  Ghoft,  now  and  forever,  even  unto  ages  of  ages, 
water.  It  can  be  prepared  only  by  a bifhop,  and  only  Amen.” 

on  one  day  in  the  year,  vi%.  Thurfday  in  Paffion-week ; We  have  given  a full  account  of  the  manner  in  which 

and  as  the  anointing  with  it  is  fubftituted  in  place  of  the  facrament  of  baptifm  is  celebrated  among  the 

the  apoftolical  rite  of  laying  on  hands,  called  conjirma-  Greeks,  that  the  reader  may  have  fome  notion  of  the 

tion  in  the  weftern  churches,  great  quantities  of  it  are  childifli  fuperftition  of  that  church,  with  which  certain 

of  courfe  prepared  at  once,  and  diftributed  through  the  zealous  Proteftants  in  England  were  very  defirous,  at 

different  churches  of  each  diocefe.  The  chrifm  confifts  the  beginning  of  this  century,  to  form  a union.  There 

of  the  following  ingredients,  which  in  different  propor-  is  no  occafton  for  dwelling  fo  long  upon  their  other  of- 

tions  are  all  boiled  together,  and  afterwards  folemnly  fices.  For  the  celebration  of  the  Lord’s  Supper,  they  TheGreeks 

confecrated  by  the  bifliop  ; Fine  oil  (we  fuppofe  of  have  three  liturgies  that  are  occafionally  ufed,  wz.  that  have  three 

olives),  white  wine,  ftyrax  calamita  (f),  palm-dew,  of  St  Chryfoftom,  which  is  in  ordinary  daily  ufe  ; that 

rofe-flowers,  black  palm-gum,  Bafil-gum,  marjoram,  of  St  Bafil,  ufed  on  particular  days  ; and  that  of  the 

thick  and  thin  oil  of  nutmegs  in  very  different  quanti-  prefanEliJicdy  as  it  is  called,  which  is  ufed  on  the  Wed- 

ties,  oil  of  cinnamon,  oil  of  cloves,  lignum  Rhodii,  oil  nefdays  and  Fridays  during  the  great  faft  before  Eafter. 

of  oranges,  oil  of  marjoram,  oil  of  lavender,  oil  of  rofe-  Between  the  liturgies  of  St  Chryfoftom  and  St  Bafil 

mary,  effence  of  rofemary,  cedar,  black  balfam  of  Pe-  there  is  no  eifential  difference;  and  the  office  of  the  pre- 

fand’fied 


(e)  The  reader  will  perceive,  that  many  of  thefe  rites  and  ceremonies  are  common  to  the  Greek  church  and 
the  church  of  Rome  in  the  celebration  of  the  facrament  of  baptifm. 

(f)  We  quote  the  words  of  Dr  King,  taking  it  for  granted  that  our  readers  will  pardon  our  not  giving  our- 
felves  much  trouble  to  difcover,  on  the  prefent  occafion,  what  particular  ipecies  or  variety  of  the  ftorax  he  means 
by  this  defignation.  See  Styrax,  EncycL 
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by  my  hand  condinfleth  thee  N.  archimandrite  or  hiero- 
monachus,  beloved  of  God,  bifhop  eledt  of  the  cities  of 
N.  N.  Vfhich  God  preferve  ! — Let  us  pray  therefore 
for  him,  that  the  grace  of  the  mod  Holy  Spirit  may 
come  upon  him,”  Then  the  priefts  fay  thrice,  Lord 
have  mercy  upon  us and  while  the  bifliops  continue 
to  hold  the  gofpel,  the  archbifhop  figns  the  newly  con- 
fecrated  bifhop  thrice  with  thifign  of  the  crofs,  faying, 
“ In  the  name  of  the  Father,  and  of  the  Son,  and  of  the 
Holy  Gholl,  now  and  forever,  even  unto  ages  of  ages. 
Amen.”  Then  all  the  bifhops  putting  their  right  hands 
on  his  head,  the  archbifhop  prays  that  he  may  be  con- 
firmed in  the  office  of  wdiich  they  have  judged  him 
worthy,  that  his  priefthood  may  be  rendered  irreproach- 
able, and  that  he  hinifelf  may  be  made  holy  and  worthy 
to  be  heard  of  God.  After  this,  one  of  the  affifting 
bifhops  reads  a fliort  litany  in  a low  voice,  to  be  heard 
only  by  thofe  within  the  altar,  and  the  other  bilhops 
make  the  refponfes.  At  the  end  of  the  litany  the  arch- 
bifhop, laying  his  hand  again  upon  the  head  of  the  new- 
ly confecrated  hifhop,  prays  in  very  decent  and  devout 
terms,  that  Chrifl  will  render  him  an  imitator  of  himfelf, 
the  true  fhepherd  ; that  he  will  make  him  a leader  of 
the  blind,  a light  to  thofe  who  walk  in  darknefs,  and  a 
teacher  of  infants ; that  he  may  fhine  in  the  w'orld,  and 
receive  at  la  ft  the  great  reward  prepared  for  thofe  who 
contend  boldly  for  the  preaching  of  the  gofpel.  After 
this  the  paftoral  ftaffis  delivered  to  the  new  bilhop,  with 
a very  proper  and  folemn  exhortation  from  the  arch- 
bifhop, to  feed  the  flock  of  Chrift  committed  to  his  care. 

The  laft  facrament  of  the  Greek  church  is  that  of 
the  holy  oil  or  euchelaion,  which  is  not  confined  to 
pertculofe  agrotantibus,  et  mortis  periculo  imminente^ 
like  the  extreme  undion  of  the  Romiffi  church  ; but  is 
adminiftered,  if  required,  to  devout  perfons  upon  the 
flighteft.  malady.  Though  this  ordinance  is  derived 
from  St  James,  chap,  v,  ver.  14,  15,  it  is  by  no  means 
deemed  neceffary  to  falvation,  or  obligatory  upon  all 
Chriftians  ; and  it  is  well  that  it  is  not,  for  feven  priefts 
are  required  to  adminifter  it  regularly,  and  it  cannot  be 
adminiftered  at  all  by  lefs  than  three.  The  oil  is  con- 
fecrated with  much  folemnity ; after  which  each  prieft, 
in  his  turn,  takes  a twig,  and  dipping  it  in  the  oil  now 
made  holy,  anoints  the  fick  perfon  crofs-w'ife,  on  the 
forehead,  on  the  noftrils,  on  the  paps,  the  miomh,  the 
breaft,  and  both  fides  of  the  hands,  praying  that  he 
may  be  delivered  from  the  bodily  infirmity  under  which 
he  labours,  and  raifed  up  by  the  grace  of  Jefus  Chrift. 

In  the  Greek,  as  well  as  in  the  Latin  church,  there 
is  a fervice  called  the  divine  lavipediuni,oh{QYVtdi  on  the 
Thurfday  of  paffion-week,  in  imitation  of  our  Saviour’s 
humility.  At  Conftantinople,  Jefus  Chrift  is,  on  this 
occafion,  perfonified  by  the  Patriarch,  and  everywhere 
elfeby  the  bifhopof  the  diocefe,  and  the  twelve  apoftles 
by  twelve  regular  priefts,  when  a ludicrous  conteft  arifes 
who  (hall  reprefent  Judas  •,  for  the  name  attaches  tor 
life.  This  office  is  performed  at  the  weft  end  of  the 
church,  where  an  arm  chair  is  fet  at  the  bottom,  facing 
the  ealt,  for  the  bifhop  ; and  on  each  fide  are  placed 
twelve  chairs  for  the  twelve  priefts,  who  are  to  repre- 
fent the  twelve  apoftles.  The  prayers  and  hymns  ufed 
on  this  occafion  are  extremely  beautiful  and  appro- 


priate ; and  when  the  firft  gofpel,  relating  our  Saviour’s  C3iu 
waflilng  of  his  difciples  feet,  begins  to  be  read,  the 
bifhop  or  patriarch  rifes  up,  and  takes  off  his  pontifical 
veftments,  by  himfelf  without  affiftance.  He  then  girds 
himfelf  with  a towel,  and  taking  a bafon  of  water  in 
his  hand,  kneels  down  and  waflies  one  foot  of  each 
prieft,  beginning  with  the  youngeft  ; and  after  having 
wafhed  it  he  kiffes  it.  All  this  is  done  as  the  feveral 
circumftances  are  read  ; and  when  he  comes  to  the  laft 
prieft,  who  is  fuppofed  to  reprefent  Peter,  that  prieft 
rifes  up  and  faith,  “ Lord,  doft  thou  walh  my  feet  ?” 

&c.  The  biffiop  anfwers  In  the  words  of  our  Saviour  ; 
and  having  finifhed  the  whole,  puts  on  his  garments  a- 
gain,  and  fits  down;  and  as  thefecond  gofpel  is  read(x), 
repeats  the  words  of  our  Saviour,  “ Know  ye  what  I 
have  done  unto  you  ?”  &c.  The  office  is  certainly  an- 
cient, and  if  decently  performed  muft  be  affeifting.  ^ 

Under  the  word  Patriarchs  [Encycl.)  we  have  The  p 
given  a fufficient  account  of  the  rife  of  the  patriarchates,  leges  ( 
as  well  as  of  the  various  degrees  of  rank  and  authority 
claimed  by  the  bifhops  of  feveral  other  fees  in  the  Greek 
church.  It  may  be  proper  to  add  here,  that  after  the 
taking  of  Conftantinople  by  Mohammed  II.  he  conti- 
nued to  the  patriarch  of  that  city  the  fame  prefent 
which  the  Greek  emperors  had  been  accuftomed  to 
make,  a paftoral  ftaff,  a white  horfe,  and  four  hundred 
ducates  in  gold.  To  the  Greek  church  and  the  main- 
tenance of  its  clergy  he  left  indeed  ample  revenues, 
which  they  have  gradually  facrificed  to  their  inconftan- 
cy,  their  ambition,  and  their  private  jealoufy.  Still, 
however,  the  patriarch  of  Conftantinople  fills  a very  lu- 
crative and  high  office.  “ Befides  the  power  of  nomi- 
nating the  other  three  patriarchs,  and  all  epifcopal  dig- 
nitaries (fays  Mr  Dallaway),  he  enjoys  a moft  exten- 
five  jurifdidtion,  comprifing  the  churches  of  Anatolia, 
Greece,  Wallachia,  Moldavia,  and  the  iflands  of  the 
Archipelago.  Since  the  clofe  of  the  fixteenth  century, 
the  Ruffian  church  has  claimed  a jurifdiflion  indepen- 
dent of  the  fee  of  Conftantinople  ; though  appeals  have 
been  made  to  that  fee  in  cafes  of  extraordinary  impor- 
tance. The  influence  of  the  patriarch  with  the  Porte  is 
very  extenfive,  as  far  as  his  own  nation  is  concerned. 

His  memorials  are  never  denied  ; and  he  can,  in  fadl, 
command  the  death,  the  exile,  imprifonment  for  life, 
depofitlon  from  offices,  or  pecuniary  fine,  of  any  Greek 
whom  he  may  be  inclined  to  punifli  with  rigour^  or 
who  has  treated  his  authority  with  contempt.  On  the  ' 
death  of  the  patriarch  the  moft  eager  competition  is  ex- 
erted to  fill  the  vacant  throne ; which,  as  it  is  obtained  ! 
by  bribery  and  intrigue,  is  of  courfe  a very  unftable 
feat  to  the  fuccefsful  candidate,  fiiould  another  offer  to  ! 
accept  the  appointment  at  a lower  falary.”  For  a ful- 
ler account  of  the  dotftrines,  difcipline,  and  worfhip  of  ; 
the  Greek  church  at  prefent,  w^e  refer  the  reader  to 
King's  Rites  and  Ceremonies  of  the  Greek  Church  in  Rujfwy 
and  to  Dallanuay' s Conjlantinople  ancient  and  modern 
(publifhed  in  1797)  ; from  which  two  works  this  ab- 
ftradl  has  been  nioftly  taken. 

CHURCH  Creek  Town,  in  Dorchefter  co.  Mary- 
land, lies  at  the  head  of  Church  creek,  a branch  of 
Hudfon  river,  7 miles  S.  wcfterly  from  Cambridge. 

— Morse,  I 
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(k)  The  firft  gofpel  is  John  xiii.  3 — 12.  The  fecond  gofpel  is  John  xiii.  12 — 18. 
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CHURCH  HILL,  a village  in  Queen  Anne’s  co. 
Maryland,  at  the  head  of  S.  E.  Creek,  a branch  of  Chef- 
ter  river  ; N.  W.  of  Bridgetown,  and  N.  E.  of  Centre- 
ville  8 miles,  and  85  S.  W.  from  Philadelphia.  N. 
lat.  40.  9.  W.  long.  75.  53  — ih. 

Church  Hill,  Fort,  in  New  N.  Wales,  ftands 
at  the  momh  of  Seal  river  on  the  E.  fide  of  Hudfon 
bay;  120  miles  N.  N.  E.  of  York  foit.  N.  lat.  48. 
58.  W.  long.  94.  13. — Ih. 

CHURCHILL  River'wi  New  South  Wales,  runs  N. 
eafterly  into  the  W.  fide  of  Hudfon  bay,  at  Church  Hill 
fort,  in  lat.  58.  57.  32.  N.  long.  94.  12.  30.  W. — ih. 

CHURCHTOWN,  a village,  fo  called,  in  the  N. 
E.  part  of  Lancafter  co.  Pennfylvania,  about  20  miles 
E.  N.  E.  of  Lancafter,  and  50  W.  N.  W.  of  Philadel- 
phia. It  has  1 2 houfes,  and  an  Epifcopal  church  ; 
and  in  the  environs  are  two  forges,  which  manufadure 
about  450  tons  of  bar  iron  annually. — th. 

CHUSAN-Islands,  a clufter  of  fmall  iflands  on  the 
eaft  coaft  of  China,  which  were  vifited  by  Lord  Ma- 
cartney in  his  courfe  to  Pekin.  Moft  of  thefe  iflands 
feem  to  be  hills  rifing  regularly  out  of  the  fea,  and 
rounded  at  top,  as  if  any  points  or  angles  exifting  in 
their  original  formation  had  been  gradually  worn  off 
into  a globular  and  uniform  fliape.  Many  of  them, 
though  clofe  to  each  other,  are  divided  by  channels  of 
great  depth.  They  reft  upon  a foundation  of  grey  or 
red  granite,  fome  part  refembling  porphyry,  except  in 
hardnefs.  They  were,  certainly,  not  formed  by  the 
fucceflive  alluvion  from  tjhe  earth  brought  into  the  fea 
by  the  great  river  at  whofe  mouth  they  are  fituated, 
like  the  numerous  low  and  muddy  iflands  at  the  mouth 
of  the  Po,  and  many  others  ; but  fliould  rather  be  con- 
fidered  as  the  remains  of  part  of  the  continent  thus 
fcooped  and  furrowed,  as  it  were,  into  iflands,  by  the 
force  of  violent  torrents  carrying  off,  further  into  the 
fea,  whatever  w'as  lefs  refiftible  than  the  rocks  juft  men- 
tioned. Some  of  them  wore  a very  inviting  afped ; 
one  in  particular,  called  Poo-too,  is  defcribed  as  a per- 
fed  paradife.  This  fpot  was  chofen,  no  doubt,  for  its 
natural  beauties,  and  afterw'ards  embelliihed,  by  a fet  of 
religious  men,  wdio,  to  the  number  of  three  thoufind, 
jxiffefs  the  whole  of  it,  living  there  in  a ftate  of  celi- 
bacy. It  contains  four  hundred  temples,  to  each  of 
which  are  annexed  dwelling  houfes  and  gardens  for  the 
accommodation  of  thofe  monks.  This  large  monafte- 
ry,  as  it  may  be  called,  is  richly  endowed,  and  its 
fame  is  fpread  throughout  the  empire. 

• The  Englifli  Eaft  India  Company  had  once  a fadory 
at  Chufan,  the  principal  of  thefe  iflands,  fiom  w’hich 
they  were  many  years  ago  interdided.  This,  accord- 
ing to  the  account  of  a Chinefe  merchant  who  remem- 
bered the  fadory,  was  not  occafioned  by  any  offence 
given  by  the  Englifli,  but  by  the  avarice  of  the  officers 
governing  at  Cantm,  who  draw  large  fums  from  the 
accumulation  of  foreign  trade  in  that  port.  Perhaps, 
too,  the  exceffive  jealoufy  of  the  Chinefe  government 
might  fancy  danger  in  the  unreftrained  communi- 
cation between  foreigners  and  the  fubjeds  of  tliat  em- 
pire in  feveral  of  its  ports  at  the  fame  time. 

Ting-hai,  the  chief  town  of  Chufan,  refembles  Ve- 
nice, but  on  a fmaller  fcale.  It  is  furrounded,  as  well 
as  interfeded,  by  canals,  over  which  are  thrown  fteep 
bridges,  afcended  by  fteps  like  the  Rialto.  The  ftreets 
are  narrow'  and  paved  with  fqnare  flat  ftones ; but  the 
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houfes,  unlike  the  Venetian  buildings,  are  low  and  moft- 
ly  of  one  ftory.  The  ornaments  of  thefe  buildings  are 
confined  chiefly  to  the  roofs,  on  the  ridges  of  which  are 
uncouth  figures  of  animals  in  clay,  ftone,  or  iron.  The 
town  is  full  of  ftiops,  containing  chiefly  articles  of  clo- 
thing, food,  and  furniture,  difplayed  to  full  advantage. 
Even  coffins  are  painted  in  a variety  of  lively  and  con- 
trafting  colours.  The  fmaller  quadrupeds,  including 
dogs,  intended  for  food,  are  expofed  alive  for  fale,  as 
well  as  poultry,  and  fifh  in  tubs  of  w'ater  with  eels  in 
fand.  When  the  gentlemen  belonging  to  the  embaffy 
were  at  Ting-hai,  they  were  ftiuck  with  the  number  of 
places  where  tin-leaf  and  flicks  of  odoriferous  wood 
were  fold  for  burning  in  the  temples,  which  indicated 
no  flight  degree  of  fuperftition  in  the  people.  Super- 
ftition,  however,  made  them  not  idle;  for  throughout 
the  whole  place  there  was  a quick  and  affive  induftry. 
Men  paffed  bufily  through  the  ftreets,  while  not  an  in- 
dividual was  feen  alking  alms;  and  the  women  were 
employed  in  the  ftiops.  At  Chufan,  the  number  of  va- 
luable harbours,  or  places  of  perfeift  fecurity  for  fliips 
of  any  burden,  is  almoft  equal  to  the  number  of  iflands. 
This  advantage,  together  with  that  of  their  central 
fituation,  in  refpeft  to  the  eaftern  coaft  of  China,  and 
the  vicinity  of  Corea,  Japan,  Leoo-keoo,  and  Formofa, 
attraff  confiderable  commerce,  efpecially  to  Ning-poo, 
a city  of  great  trade  in  the  adjoining  province  of  Che- 
chiang,  to  which  all  the  Chufan  iflands  are  annexed. 
From  one  port  in  that  province  twelve  veffels  fail  annu- 
ally for  copper  to  Japan. 

According  to  Brooks,  Chufan  is  in  N.  Lat.  30.  o. 
and  E.  Long.  124.  o. 

CIACICA,  a jurifdi(ftion  in  S.  America,  in  Pern, 
fubjedt  to  the  archbifhop  of  Plata,  and  90  leagues  dif- 
tant  from  that  city  ; abounding  in  cocoa,  cattle,  and 
fome  filver  mines. — Morse. 

CIBOLA,  or  Civola,  the  name  of  a town  in,  and 
alfo  the  ancient  name  of,  New-Granada,  in  Terra  Fir- 
ma,  South- America.  The  country  here,  though  not 
mountainous,  is  very  cool  ; and  the  Indians  are  faid  to 
be  the  vvhiteft,  wittieft,  moft  fincere  and  orderly  of  all 
the  aboriginal  Americans.  When  the  country  was 
difcovered,  they  had  each  but  one  w’ife,  and  were  ex- 
ceffively  jealous.  They  worftiipped  water,  and  an  old 
woman  that  was  a magician  ; and  believed  flie  lay  hid 
under  one  of  their  lakes. — ib. 

CICERO,  a military  townftiip  in  New-York,  on  the 
S.  W.  fide  of  Oneida  lake;  and  between  it,  the  Salt 
lake,  and  the  Salt  fprings. — ib. 

CINALOA,  called  by  fome  Cinoleo,  a province  in 
the  audience  of  Galicia,  in  Old- Mexico,  or  New-Spain. 
It  has  the  gulf  of  California  on  the  W.  the  province  of 
Culiacan  on  the  S.  and  the  kingdom  of  New-Mexico  on 
the  N.  and  E.  From  S.  E.  to  N.  E.  it  is  about  100 
leagues;  and  not  above  40  where  broadeft.  On  the 
E.  fide  it  is  bounded  by  the  high  craggy  mountains, 
called  Tepecfuan,  30  or  40  leagues  from  the  fea.  It 
is  well  watered,  its  rivers  abound  with  fifh,  and  the 
air  is  ferene  and  healthful.  It  abounds  with  all  forts  of 
fruit,  and  grain,  and  cotton.  The  natives  are  hardy 
and  induftrious,  and  manufaflure  cotton  cloth,  with 
which  they  clothe  themfelves. — ib. 

CINARA,  or  Cynara,  which  we  tranflate  arti- 
choke, is,  according  to  Profeffor  Beckmann,  the  name 
which  was  given  by  the  ancients  to  a plant  v«ry  diffe- 
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Cinara  rent  from  the  artichoke  of  our  kitchen  gardens,  though 
.11  he  admits  that  they  belong  to  the  fame  genus.  The 
proofs  which  he  adduces  for  the  truth  of  his  opinion 
are  too  tedious  to  be  introduced  into  this  Work,  efpeci- 
ally  as  they  appear  not  to  us  to  be  abfolutely  conclufive. 
We  muft  therefore  refer  the  reader  to  his  Hiftory  of 
Inventions.  The  cinara^  carduusy  and  fcolymus  (fee 
ScoLYMus  in  this  Supplement),  were  in  his  opinion 
fpecies  of  the  thijile,  of  which  the  roots  and  young 
Jhoots,  as  well  as  the  bottom  of  the  calyx  of  the  laft, 
were  eaten.  He  has  proved  indeed,  he  thinks,  that 
the  Greeks  and  Romans  ufed  the  pulpy  bottom  of  the 
calyx,  and  the  tendered  ftalks  and  young  flioots  of  ma- 
ny plants  belonging  to  the  thiftle  kind,  in  the  fame 
manner  as  we  ufe  artichokes  and  cardoons,  but  that 
thefe  latter  were  unknowm  to  them. 

“ It  appears  probable  (fays  he)  that  the  ufe  of  thefe 
thirties,  at  leaft  in  Italy  and  Europe  in  general,  was  in 
the  courfe  of  time  laid  afide  and  forgotten,  and  that  the 
artichoke,  when  it  was  firft  brought  to  Italy  from  the 
Levant,  was  confidered  as  a new  fpecies  of  food.  It  is 
undoubtedly  certain  that  our  artichoke  was  firrt  known 
in  that  country  in  the  15th  century.  Hermolaus  Bar- 
barus,  who  died  in  1494,  relates  that  this  plant  was 
fiirt  feen  at  Venice  in  a garden  in  1473,  at  which  time 
it  was  very  fcarce.  About  the  year  1466,  one  of  the 
family  of  Strozza  brought  the  firrt  artichokes  to  Flo- 
rence from  Naples.  Politian,  in  a letter  in  which  he 
defcribes  the  dilhes  he  found  at  a grand  entertainment 
in  Italy  in  1488,  among  thefe  mentions  artichokes. 
They  were  introduced  into  France  in  the  beginning  of 
the  1 6th  century,  and  into  England  in  the  reign  of 
Henry  VIII.” 

The  original  country  of  the  artichoke  is  unknown. 
Linnaeus  fays  that  it  grew  wild  in  Narbonne,  Italy, 
and  Sicily,  as  the  cardoon  did  in  Crete  ; but  our  au- 
thor has  proved  very  fuSicIently,  that  with  refpeft  to 
both  thel'e  fadts  the  great  botanift  was  mifinformed. 
The  artichoke  is  certainly  known  in  Perfia ; but  Ta- 
vernier fays  exprefsly,  that  it  was  carried  thither,  like 
afparagus  and  other  European  vegetables  of  the  kitchen 
garden,  by  the  Carmelite  and  other  monks : and  that 
it  'vas  only  in  latter  times  that  it  became  common. 

CINCINNATI,  a flourifliing  town  in  the  territory 
of  the  U.  S.  N.  W.  of  the  Ohio,  and  the  prefent  feat 
of  government.  It  rtands  on  the  N.  bank  of  the  Ohio, 
oppofite  the  mouth  of  Licking  river  2-§-  miles  S.  W.  of 
Fort  Wartiington,  and  about  8 miles  w'erterly  of  Co- 
lumbia. Both  thefe  towns  lie  between  Great  and  Little 
Miami  rivers.  Cincinnati  contains  about  200  houfes  ; 
and  is  82  miles  N.  by  E.  of  Frankfort ; 90  N.  W.  of 
Lexington,  and  779  W.  by  S.  of  Philadelphia.  N. 
lat.  39.  22.  W.  long.  85.  44. — Morse. 

CINCINNATUS,  is  the  S.  earternmort  of  the  mili- 
tary townfhips  of  Ne'w-York  rtate.  It  has  Virgil  on  the 
W.  and  Salem,  in  Herkemer  co.  on  the  E.  and  lies  on 
two  branches  of  Tioughnioga  river,  a N.  wertern  branch 
of  the  Chenango.  The  centre  of  the  town  lies  53  miles 
S.  W.  by  W.  of  Cooperrtowm,  and  39  S.  E.  by  S.  of 
the  S.  E.  end  of  Salt  Lake.  N.  la^.  42.  30. 

CINNABAR.  See  Chemistry  in  this  Supplement, 
n°  91. 

CIRCLE  OF  Curvature,  or  circle  of  equicurva- 
ture,  is  that  circle  which  has  the  fame  curvature  with  a 
given  curve  at  a certain  point  j or  that  circle  whofe  ra- 


dius is  equal  to  the  radius  of  curvature  of  the  given  Circlei 
curve  at  that  point.  II 

Circles  of  Declination  ar-e  great  circles  interfering 
each  other  in  the  poles  of  the  world. 

Circle  of  Diffipation,  in  optics.  See  Optics,  En- 
cycl.  n®  253. 

Circle  Equant,  in  the  Ptolemic  artronomy,  is  a 
circle  defcribed  on  the  centre  of  the  equant.  Its  chief 
ufe  is  to  find  the  variation  of  the  firrt  inequality. 

Circles  of  Excurfion  are  little  circles  parallel  to  the 
ecliptic,  and  at  fuch  a dirtance  from  it,  as  that  the  ex- 
curfions  of  the  planets  towards  the  poles  of  the  ecliptic 
may  be  included  within  them;  being  ufually  fixed  at 
about  10  degrees. 

Circles  of  Pofilion,  are  circles  parting  through  the 
common  interfedions  of  the  horizon  and  meridian,  and 
through  any  degree  of  the  ecliptic,  or  the  centre  of 
any  rtar,  or  other  point  in  the  heavens ; and  are  ufed 
for  finding  out  the  lltuation  or  pofition  of  any  rtar. 

Thefe  are  ufually  fix  in  number,  cutting  the  equinodial 
into  12  equal  parts,  which  the  artrologers  call  the 
tial  houfesi  and  hence  they  are  fometimes  called  circles 
of  the  celeJUal  houfes. 

CIRCULAR  Lines,  a name  given  by  fome  authors 
to  fuch  ftraight  lines  as  are  divided  by  means  of  the  di- 
vifions  made  in  the  arch  of  a circle  ; fuch  as  the  fines, 
tangents,  fecants,  &c. 

Circular  Parts,  called,  from  the  ufe  which  he  firft 
made  of  them,  NaptePs  circular  parts,  are  the  five  parts 
of  a right-angled  or  a quadrantal  fpherical  triangle  ; 
they  are  the  two  legs,  the  complement  of  the  hypothe- 
nufe,  and  the  complements  of  the  two  oblique  angles. 

Concerning  thefe  circular  parts,  Napier  gave  a gene- 
ral nile  in  his  Logarithmorum  Canonis  Defcriptio,  which 
is  this  ; The  redangle  under  the  radius  and  the  fine 
of  the  middle  part  is  equal  to  the  redangle  under  the 
tangents  of  the  adjacent  parts,  and  to  the  redangle  un- 
der the  cofines  of  the  oppofite  parts.  The  right  angle 
or  quadrantal  fide  being  negleded,  the  two  fides  and 
the  complements  of  the  other  three  natural  parts  are 
called  the  circular  parts,  as  they  follow  each  other  as  it  i 

were  in  a circular  order.  Of  thefe,  any  one  being  fix-  j 

ed  upon  as  the  middle  part,  thofe  next  it  are  the  adja-  ‘ 

cent,  and  thofe  fartheft  from  it  the  oppofite  parts.”  | 

This  rule  contains  within  itfelf  all  the  particular  rules  ' 

for  the  folution  of  right-angled  fpherical  triangles,  and  j 

they  were  thus  brought  into  one  general  comprehenfive  ^ 

theorem,  for  the  fake  of  the  memory ; as  thus,  by 
charging  the  memory  with  this  one  rule  alone  : All  the  I 

cafes  of  right  angled  fpherical  triangles  may  be  refolv-  ■ 1 

ed,  and  thofe  of  oblique  ones  alfo,  by  letting  fall  a per- 
pendicular, excepting  the  two  cafes  in  which  there  are  ^ 

given  either  the  three  fides,  or  the  three  angles.  And 
for  thefe  a fimilar  expedient  has  been  devifed  by  Lord  j 

Buchan  and  Dr  Minto,  which  may  be  thus  exprelfed  : 

“ Of  the  circular  parts  of  an  oblique  fpherical  triangle,  j 

the  redangle  under  the  tangents  of  half  the  fum  and  j 

half  the  difference  of  the  fegments  at  the  middle  part  i 

(formed  by  a perpendicular  drawn  from  an  angle  to  the  i 

oppofite  fide),  is  equal  to  the  redangle  under  the  tan-  j 

gents  of  half  the  fum  and  half  the  difference  of  the  op. 
polite  parts.”  By  the  circular  parts  of  an  oblique  fphe-  j 

rical  triangle  are  meant  its  three  fides  and  the  fupple-  j 

ments  of  its  three  angles.  Any  of  thefe  fix  being  af-  j 

fumed  as  a middle  part,  the  oppofite  parts  are  thofe  ■ 
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;:irciilatm»  two  of  the  fame  denomination  with  it,  that  is,  if  the  ftreams  ; 14  or  15  miles  E.  of  Fairhaven,  and  44  N.  Clarke 

II  middle  part  is  one  of  the  fides,  the  oppofite  parts  are  E.  of  Bennington.  It  contains  1478  inhabitants.  On  II 

the  other  two,  and,  if  the  middle  part  is  the  fupple-  the  S.  E.  fide  of  a mountain  in  the  wefterly  part  of 
ment  of  one  of  the  angles,  the  oppofite  parts  are  the  Clarendon,  or  in  the  edge  of  Tinmouth,  is  a curious 
fupplements  of  the  other  two.  Since  every  plane  tri-  cave,  the  mouth  of  which  is  not  more  than  2^  feet  in 
angle  may  be  confidered  as  deferibed  on  the  furface  of  diameter.  In  its  defeent,  the  palTage  makes  an  angle 
a fphere  of  an  infinite  radius,  thefe  two  rules  may  be  with  the  horizon  of  35  or  40  degrees  j but  continues 
applied  to  plane  triangles,  provided  the  middle  part  be  of  nearly  the  fame  diameter  through  its  whole  length, 
reftridted  to  a fide.  wdiich  is  314  feet.  At  that  diftance  from  the  mouth, 

Thus  it  appears  that  two  fimple  rules  fuffice  for  the  it  opens  into  a fpacious  room,  20  feet  long,  124  wide, 
folution  of  all  the  pofiible  cafes  of  plane  and  fpherical  and  18  or  20  feet  high.  Every  part  of  the  floor,  fides 

triangles.  Thefe  rules,  from  their  neatnefs,  and  the  and  roof  of  this  room  appear  to  be  a folid  rock,  but 

manner  in  which  they  are  exprefled,  cannot  fail  of  en-  very  rough  and  uneven.  The  water  is  continually 
graving  themfelves  deeply  on  the  memory  of  every  one  percolating  through  the  top,  and  has  formed  flaladtites 
who  is  a little  verfed  in  trigonometry.  It  is  a circum-  of  various  forms ; many  of  which  are  conical,  andfome 
ftance  worthy  of  notice,  that  a peribn  of  a very  weak  have  the  appearance  of  maflive  columns.  From  this 
memory  may  carry  the  whole  art  of  trigonometry  in  room  there  is  a communication  by  a narrow  paflage  to 
his  head.  others  equally  curious. — il>. 

CIRCULATING  Decimals.  See  Decimals  in  CLARKE,  a new  county  of  Kentucky  between  the 
this  Supplement.  headwaters  of  Kentucky  and  Licking  rivers.  Its  chief 

CIVIDAD  REAL,  the  capital  city  of  Chiapa,  in  town  is  Winchefter. — ii. 

New-Spain.  Chilton,  an  Englilhman,  fays  the  Indians  CLARKSBURG,  the  chief  town  of  Harrifon  co. 
called  it  Sacatlan,  and  that,  in  1570,  it  contained  Virginia.  It  contains  about  40  houfes,  a court-houfe, 
about  100  Spanifli  inhabitants. — Morse.  and  gaol;  and  ftands  on  the  E.  fide  of  Monongahela 

CiviDAD  Real,  is  the  capital  of  the  province  of  river,  40  miles  S.  W.  of  Morgantown. — ib. 

Guaira,  in  the  E.  divifion  of  Paraguay. — ib.  CLARKSTOWN,  in  Orange  co.  New-York,  lies  on 

CLAIR,  St,  a county  in  the  territory  N.  W.  of  the  theW.  fide  of  the  Tappan  Sea,  2 miles  diftant ; norther- 
Ohio  ; was  laid  off  27th  April,  1790.  Its  boundaries  ly  from  Tappan  townlhip,  6 miles,  and  from  New-York 
are  thus  officially  deferibed  ; “ Beginning  at  the  mouth  city,  29  miles.  By  the  ftate  cenfus  of  1796,  224  of  its 
of  the  Little  Michillimackinack  river ; running  thence  inhabitants  are  electors. — lb. 

foutherly  in  a dircefl:  line  to  the  mouth  of  the  Little  ri-  CLARKSVILLE,  the  chief  town  of  what  was  till 
ver  above  fort  Maflac,  upon  the  Ohio  river  ; thence  lately  called  Tennelfee  co.  in  the  ftate  of  Tenneflee,  is 
with  the  Ohio  to  its  jundion  with  the  Miffiflippi ; thence  pleafantly  fituated  on  the  E.  bank  of  Cumberland  river, 
up  the  Miffiflippi  to  the  mouth  of  the  Illinois  river;  and  at  the  mouth  of  Red  river,  oppofite  the  mouth  of 
and  up  the  Illinois  to  the  place  of  beginning,  with  all  Muddy  Creek.  It  contains  about  30  houfes,  a court- 
the  adjacent  iflands  of  the  laid  rivers  Illinois  and  Mifllf-  houfe  and  gaol,  45  miles  N.  W.  of  Nafhville  ; 220  N. 
fippi.” — lb.  W.  by  W.  of  Knoxville,  and  940  W.  by  S.  of  Phlla- 

Clair,  St,  a fort  in  the  territory  N.  W.  of  the  dclphia.  N.  lat.  36.  25.  W.  long.  88.57. — ib. 

Ohio,  is  fituated  25  miles  N.  of  fort  Hamilton,  on  a Clarksville,  a fmall  fettlement  in  the  N.  W.  terri- 
fmall  creek  which  falls  into  the  Great  Miami  ; and  21  tory,  which  contained,  in  1791,  about  60  fouls.  It  is 
miles  S.  of  fort  Jefferfon. — ib.  fituated  on  the  northern  bank  of  the  Ohio,  oppofite 

Clair,  St,  Lake,  lies  about  half  way  between  lake  Louifville,  a mile  below  the  Rapids,  and  100  miles  S. 

Huron  and  lake  Erie,  in  North  America,  and  is  about  E.  of  Poft  Vincent.  It  is  frequently  flooded,  when  the 
90  miles  in  circumference.  It  receives  the  waters  of  river  is  high,  and  inhabited  by  people  who  cannot,  at 
the  three  great  lakes,  Superior,  Michigan,  and  Huron,  prefent,  find  a better  fltuatlon. — ib. 
and  difeharges  them  through  the  river  or  ftrait,  called  CLAVERACK,  a poft  town  in  Columbia  co.  New- 
D^Etroit  (which  is  in  French,  the  Strait)  into  lake  Erie.  York,  pleafantly  fituated  on  a large  plain,  about  24 
Its  channel,  as  alfo  that  of  the  lake,  is  fufficiently  deep  miles  E.  of  Hudfon  city,  near  a creek  of  its  own  name, 
for  veifels  of  very  confiderable  burden. — ib.  It  contains  about  60  houfes,  a Dutch  Church,  a court- 

CLARE,  a townfhip  on  St  Mary’s  bay,  in  Anna-  houfe,  and  a gaol.  The  townlhip,  by  the  cenfus  of 
polis  co.  Nova-Scotia.  It  has  about  50  families,  and  1791,  contained  3262  inhabitants,  including  340  flaves. 
is  compofed  of  woodland  and  fait  marfli. — lb.  By  the  ftate  cenfus  of  1796,  there  appears  to  be  412 

CLAREMONT,  a townfliip  in  Chelhire  co.  New-  eleftors.  It  is  23 1 miles  from  Philadelphia. — lb. 

Hamplhire,  on  the  E.  fide  of  Connedicut  river,  oppo-  CLERK’s  IJles,  lie  S.  W.  from,  and  at  the  entrance 
fite  Afeutney  mountain,  in  Vermont,  and  on  the  N.  of  Behring’s  ftraits,  which  feparate  Afia  from  America, 
fide  of  Sugar  river  ; 24  miles  S.  of  Dartmouth  college.  They  rather  belong  to  Afia,  being  very  near,  and  S. 
and  82  S.  W.  by  W.  of  Portfmouth.  It  was  incorpor-  S.  W.  from  the  head  land  which  lies  between,  the 
atedini764,  and  contains  1435  inhabitants. — ib.  ftraits  and  the  gulf  of  Anadir,  in  Afia.  They  have 

Claremont  Co.  in  Camden  diftrid,  S.  Carolina,  con-  their  name  in  honor  of  that  able  navigator,  Capt. 
tains  2479  white  inhabitants,  and  2noflaves.  Statef-  Clerk,  the  companion  of  Capt.  Cook.  In  other  maps 
burg  is  the  county  town. — ib.  they  are  called  St  Andrea  Ifles. — ib. 

. CLARENDON  Co.  the  fouthernmoft  in  Camden  CLERMONT,  a poft  town  in  Columbia  co.  New- 
diftrieV,  S.  Carolina,  is  about  30  miles  long  and  30  York,  6 miles  from  Red  Hook,  *15  from  Hudfon,  117 
broad,  and  contains  1790  whites  and  602  flaves. — lb.  miles  N.  of  New-York,  and  212  from  Philadelphia. 

Clarenbon,  a townlhip  near  the  centre  of  Rutland  The  townfliip  contains  867  inhabitants,  inclufive  of  1 13 
CO.  Vermont,  watered  by  Otter  Creek  and  its  tributary  flaves. — lb. 
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! <ach  time  that  ambafladors  appeared  in  coaches  on  a public 
I folemnity  was  at  the  imperial  commiffion  held  at  Eriiirth 
refpedir.g  the  affair  of  Juliers. 

In  the  hiflory  of  France  we  find  many  proofs  that  at 
PariS)  in  the  14th,  15th,  and  even  i6lh  centuries,  the 
French  monarchs  rode  commonly  on  horfes,  the  fervants 
of  the  court  on  mules,  and  the  princefles,  together  with 
the  principal  ladies,  fom.etim.es  on  affes.  Perfons  of  the 
firft  rank  often  fat  behind  their  equerry,  and  the  hotfe 
‘ was  often  led  by  fervants.  Carj-iages,  however,  of  fome 
I'  kind  appear  to  have  been  ufed  very  early  in  France. 
An  ordinance  of  Philip  the  Fair,  ilfued  in  i294f>,r  fup- 
preffing  luxury,  and  in  which  the  citizens  wives  are  for- 
bid to  ufe  carriages  (can),  is  ftill  preferred.  Under 
Francis  I.  or  rather  about  1550,  fomev/hat  later,  there 
were  in  Paris  for  the  firft  time  only  three  coaches. 

The  oldeft  carriages  ufed  by  the  ladies  in  England 
were  known  under  the  now  forgotten  name  of  'whir'i- 
cotes.  When  Richard  II.  towards  the  erd  of  the  14th 
century,  was  obliged  to  fly  before  his  rebellious  fubjeAs, 
he  and  all  his  followers  were  on  horfeback  ; his  mother 
only,  who  was  indiipofed,  rode  in  a carriage.  This, 
however,  became  afterwards  fomewhat  unfafliionable, 
when  that  monarch’s  queen,  Anne,  the  daughter  of  the 
Emperor  Charles  IV.  fhewed  .the  Englifh  ladies  how 
gracefully  and  conveniently  Ihe  could  ride  on  a fide- 
faddle.  Whirlicotes  were  laid  afide,  therefore,  except 
at  coronations  and  other  public  folemnities.  Coaches 
were  firft  known  in  England  about  the  year  1580,  and, 
as  Stow  fays,  were  introduced  from  Germany  by  Fiiz- 
allen,  earl  of  Arundel.  In  the  year  1598,  when  the 
Englilh  ambaflador  came  to  Scotland,  he  had  a coach 
with  him.  Anderfon  places  the  period  when  coaches 
began  to  be  in  common  ufe  about  the  year  1605.  The 
celebrated  duke  of  Buckingham,  the  unworthy  favou- 
rite of  two  kings,  was  the  firft  perfon  who  rode  with  a 
coach  and  fix  horfes,  in  1619.  To  ridicule  this  new 
pomp,  the  earl  of  Northumberland  put  eight  hoifes  to 
his  carriage. 

Refpeffing  the  progrefs  of  luxury  with  regard  to 
coaches,  the  reader  will  find  much  curious  information 
in  the  firft  volume  of  Profeflbr  Beckmann’s  Hiftory  cf 
Inventions.  It  is  perhaps  one  of  the  moft  entertaining 
articles  in  that  very  learned  work.  The  author,  how- 
ever, with  all  his  labour,  has  not  been  able  to  afcei  tain 
the  country  in  which  coaches  hung  on  fprings  were  firft 
ufed  ; but  he  feems  inclined  to  give  the  credit  of  the 
invention  to  Hungary. 

COATZACUALCO,  a navigable  river  of  Mexico, 
or  New-Spain,  which  empties  into  the  gulf  of  Mexico, 
near  the  country  of  Onohualco. — Morse. 

COBALT  (fee  STRy~IuJex,  in  this  Supple- 

ment),  is  a valuable  article  to  potters  and  dyers.  To 

it  for  their  ufe,  it  is  firft  roafted,  and  freed  from  the 
! foreign  mineral  bodies  with  which  it  is  united  ; it  is  then 
. well  calcined,  and  fold  either  mixed  or  unmixed  with 
‘fine  fand  under  the  name  of  zaffer  (zajfera)  ; or  it  is 
! melted  with  filiceous  earth  and  pot  alhes  to  a kind  of 
blue  glafs  called  ftnah,  which  when  ground  very  fine  is 
known  in  commerce  by  the  name  ot  powder  blue.  All 
thefe  articles,  becaufe  they  are  moft  durable  pigments, 
and  ihofe  which  beft  withltand  fire,  and  becaufe  one  caa 
produce  with  them  every  fliade  of  blue,  are  employed 
above  all  for  tinging  cryftal  and  for  enamelling : for 
counterfeiting  opaque  and  tranfparent  precious  ftonesj 


and  for  painting  and  varniihing  real  porcelain  an  J_ear-  Cobalt, 
then  and  potters  ware.  This  colour  is  indirpenfably  nc- 
ceffary  to  the  painter,  when  he  is  defirous  of  imitating 
the  fine  azure  colour  of  many  butterflies  and  other  natu- 
ral objecfs  ; and  the  cheaper  kind  is  employed  to  give  a 
bluifh  tinge  to  new  walheJ  linen,  which  fo  readily  chan- 
ges to  a difagreeable  yellow,  though  not  without  injury 
to  the  healih,  as  w'e’l  as  to  the  linen. 

Profeifi-r  Beckmann,  in  his  H'ljUry  of  Invenlions, 
gives  the  following  account  of  the  paint  prepared  from 
cobalt.  “About  the  end  of  the  15th  century  cobalt  ap- 
pears to  have  been  dug  up  In  great  quantity  In  the 
mines  on  the  borders  of  Saxony  and  Bohemia,  difcove- 
red  not  long  before  that  period.  As  it  was  not  known 
at  firft  to  what  ufe  it  could  be  applied,  it  w'as  thrown 
afide  as  a ufelels  mineral.  The  miners  had  an  averlloa 
to  if,  not  only  becaufe  it  gave  them  much  fruitlefs  la- 
bour, but  becaufe  it  often  proved  prejudicial  to  tlieic 
health  by  the  arfenical  particles  with  which  it  was  com- 
bined ; and  it  appears  even  that  the  mineralogical  name 
cobalt  then  firft  took  its  rife.  At  any  rate  I have  ne- 
ver met  w’lth  it  before  the  beginning  of  the  i6ih  cen- 
tury ; and  Mathefius  and  Agricola  feem  to  have  firft, 
ufed  it  in  their  writings.  Frifch  derives  it  from  the 
Bohemian  w’cri  kow  which  fignifies  tnetal ; but  the 
conjeflure  that  it  w'as  formed  from  cobalus,  which  was 
the  name  of  a fpirit  that,  according  to  the  fuperftitious 
notions  of  the  times,  haunted  mines,  deftroyed  the  la- 
bours cf  the  miners,  and  often  gave  them  a great  deal  of 
unneceffary  trouble,  is  more  probable  ; and  there  is  rea- 
fon  to  think  that  the  latter  is  borrowed  from  the  Greek. 

The  miners,  perhap<‘,  gave  this  name  to  the  mineral  out 
of  joke,  becaufe  it  thwarted  them  as  much  as  the  fuppo- 
fed  fpirit,  by  exciting  falfe  hopes  and  rendering  their  la- 
bour often  fruitlefs.  It  was  once  cuftomary,  therefore, 
to  introduce  into  the  church-fervice  a prayer  that  God 
would  preferve  miners  and  their  works  from  koholts  and 
fpirits. 

“ Refpecfting  the  invention  of  making  an  ufeful  kind 
of  blue  glafs  from  cobalt,  we  have  no  better  information 
than  that  which  Klotzfch  has  publilhed  from  the  papers 
of  Chriftian  Lehmann.  The  former  author  of  an  hi- 
ftorical  work  refpeffing  the  upper  diftricl  of  the  mines, 
in  Mifnia,  and  a clergyman  at  Scheibenberg,  collected, 
wfith  great  diligence  every  information  that  refpecfed  the 
hiftory  of  the  neighbouring  country,  and  died  at  a great 
age,  in  1688.  According  to  his  account,  the  colour-- 
mills  at  the  time  when  be  wrote  were  about  a hundred 
years  old;  and  as  he  began  firft  to  write  towards  the 
end  of  the  thirty  years  war,  the  invention  feems  to  fall 
about  1540  or  1560.  He  relates  the  circumltance  as 
follows , ‘ Chriftopher  Schurer,  a glafs-makcr  at  Flat- 
ten, a place  which  belongs  ftill  to  Bohemia,  retired  to 
Neudeck,  where  hs  eftablilhed  his  bufinefs.  Being  once- 
at  Schneeberg,  he  colleifted  fome  of  the  beauiiful  co- 
loured pieces  of  cobalt  w'hich  were  found  there,  tried: 
them  in  his  furnace  ; and  finding  that  they  melted,  he 
mixed  fome  cobalt  with  glafs  metal,  and  obtained  fine 
blue  glafs.  At  fii  ft  he  prepared  it  only  for  the  ufe  of 
the  potters;  but  in  the  courfe  cf  time  it  was  carried  as. 
an  article  of  merchandize  to  Nuremberg,  and  thence  to 
Holland.  As  painting  on  glafs  was  then  much  culti- 
vated in  Holland,  the  artifts  there  knew  better  how  to. 
appreciate  this  invention.  Some  Dutchmen  therefore 
repaired  to  Neudeck,  in  order  itiat  they  might  learn  the 

procef#, 
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Coliak  procefs  ufed  in  preparingthis  new  paint.  By  great  promi- 
II  fes  they  perfuadedthe  inventor  to  remove  to  Magdeburg, 
where  he  alfo  made  glafs  from  the  cobalt  of  Schneeberg; 
but  he  again  returned  to  his  former  refidence,  where  he 
conftrudted  a handmill  to  grind  his  glafs,  and  afterwards 
ereded  one  driven  by  water.  At  that  period  the  colour 
was  worth  yi  dollars  per  cwt.  and  in  Holland  from  50 
to  60  florins.  Eight  colour-m.ills  of  the  fame  kind,  for 
which  roafted  cobalt  was  procured  in  cafks  from  Schnee- 
berg, were  foon  conftrufled  in  Holland  ; and  it  appears 
that  the  Dutch  muft  have  been  much  better  acquainted 
with  the  art  of  preparing,  and  particularly  with  that  of 
grinding  it,  than  the  Saxons  ; for  the  Eledor,  John 
George  fent  for  two  colour-makers  from  Holland,  and 
gave  a thoufand  florins  towards  the  onabling  them  to 
improve  the  art.  He  was  induced  to  make  this  advance 
chiefly  by  a remark  of  the  people  of  Schneeberg,  that 
the  part  of  the  cobalt  which  dropped  down  while  it 
was  roafting  contained  more  colour  than  the  roafted  co- 
balt itfelf.  In  a little  time  more  colour-mills  were  eredl- 
ed  around  Schneeberg.  Hans  Burghard,  a merchant, 
and  chamberlain  of  Schneeberg,  built  one,  by  which  the 
eleven  mills  at  Flatten  were  much  injured.  Paul  Nord- 
hoff,  a Frieflander,  a man  of  great  ingenuity,  who  lived 
at  the  Zwittermill,  made  a great  many  experiments  in 
order  to  improve  the  colour  ; by  which  he  was  reduced 
to  fo  much  poverty  that  he  was  at  length  forced  to 
abandon  that  place,  where  he  had  , been  employed  for 
ten  years  in  the  colour-manufadory.  He  retired  to 
Annaberg,  eftabliftied  there  in  1649,  ^7  alTiftance 
of  a merchant  at  Leipfic,a  colour-manufaftory,  of  which 
he  was  appointed  the  diredtor  ; and  by  thefe  means  ren- 
dered the  Annaberg  cobalt  of  utility.  The  confump- 
tion  of  this  article,  however,  muft  have  decreafed  in  the 
courfe  of  time  ; for  in  the  year  1659,  ''’hen  there  were 
mills  of  the  fame  kind  at  more  of  the  towns  in  the  neigh- 
bourhood of  mines,  he  had  on  hand  above  8000  quin- 
tals.’ Thus  far  Lehmann.” 

Kofsler  fays,  that  the  Bohemian  cobalt  is  not  fo  good 
as  that  of  Mifnia,  and  that  its  colour  is  more  like  that 
of  afties.  We  truft,  however,  that  the  qualities  of  fo- 
reign cobalt  fhall  foon  be  a matter  of  little  importance 
to  the  Britifh  artift,  as  a rich  mine  of  this  mineral  has 
lately  been  difcovered  near  Penzance  in  Cornwal. 

COBBESECONTE,  or  Copfecook,  which  in  the  In- 
dian language  fignlfies  the  land  where  fturgeon  are  ta- 
ken, is  a fmail  river  which  rifes  from  ponds  in  the  town 
of  Winthrop,  in  the  diftrict  of  Maine  ; and  falls  into 
the  Kennebeck  within  5 miles  of  Nahunkeag  Ifland, 
and  15  from  Moofe  Ifland. — Morse. 

COBEQUIT,  or  Colchefier  River^  in  Nova-Scotia, 
rifes  within  20  miles  of  Tatamogouche,  on  the  N.  E. 
coaft  of  Nova-Scotia ; from  thence  it  runs  foutherly, 
then  S.  W.  and  W.  into  the  E.  end  of  the  Bafin  of 
Minas.  At  its  mouth  there  is  a fhort  bank,  but  there 
is  a good  channel  on  each  fide,  which  veflels  of  60  tons 
burden  may  pafs,  and  go  40  miles  up  the  river.  There 
are  fome  fcattered  fettlements  on  its  banks. — ib. 

COBEZA,  or  CoLija,  an  obfcure  port  and  village  in 
the  audience  of  Los  Charcos,  in  Peru,  S.  America. 
The  place  is  inhabited  by  about  50  Indian  families,  and 
is  the  moft  barren  fpot  on  the  coaft.  This  is,  however, 
the  neareft  port  to  Lipes,  where  there  are  filver  mines, 
and  alfo  to  Potofi,  which  is  yet  above  100  leagttes  dif 
tant,  and  that  through  a defart  country. — ib. 


COBHAM,  a fmall  town  in  Virginia,  on  the  S.  Co  L 
bank  of  James  river  oppofite  Jameftown  ; 20  miles  N.  1 
W.  of  Suffolk,  and  8 or  9 S.  W.  of  Williamfburgh. — ib.  ^ 

Cob  HAM  Ijlet  mentioned  by  Captain  Middleton,  in  n 
the  journal  of  his  voyage  for  finding  a N.  E.  paffage. 

Its  two  extremities  bear  N.  by  E.  and  E.  by  N.  in  N.  ‘ 
lat.  63.  E.  long,  from  Churchill,  3. 40.  which  he  takes 
to  be  the  Brook  Cohham  of  Fox. — ib.  ' 

COBLESKILL,  a new  town,  in  the  co.  of  Schoha- 
rie, New-York,  incorporated  March  1797. 

COCALICO,  a townlhip  in  Lancafter  co.  Pennfyl- 
vania. — ib. 

COCHECO,  a N.  W.  branch  of  Plfcataqua  river 
in  New-Hampftiire.  It  rifes  in  the  Blue  Hills  in  Straf- 
ford CO.  and  its  mouth  is  5 miles  above  Hilton’s  Point. 

— ib. 

COCHABAMBA,  a province  and  jurifdidtion  in  Pe- 
ru, 50  leagues  from  Plata,  and  56  from  Potofi.  Its  capi- 
tal of  the  fame  name  is  one  of  the  richeft,  largeft,  and 
moft  populous  in  Peru,  as  it  is  the  granary  of  the  archbi- 
flioprick  of  Plata  ; and  in  fome  fpots  filver  mines  have 
been  difcovered. — ib. 

COCKBURNE,  a townfhip  in  the  northern  part  of 
New-Hampfhire,  Grafton  co.  on  the  E.  Bank  of  Con- 
nedlicut  river,  S.  of  Colebrooke. — ib. 

COCKE RMOUTH,  a town  in  Grafton  co.  New- 
Hampfliire,  about  15  miles  N.  E.  of  Dartmouth  Col- 
lege. It  was  incorporated  in  1766,  and  in  1775,  con- 
tained 1 18  inhabitants;  and  in  1790,  373. — ib. 

CODORUS,  a townfhip  in  York  co.  Pennfylvania. 

— ib. 

COEYMANS,  a tovvnfliip  in  Albany  co.  New- 
York,  12  miles  below  Albany.  By  the  ftate  cenfus 
of  1796,  389  of  its  inhabitants  are  electors. — ib. 

COFFEA,  the  Coffee-Tree,  is  a plant  which  has 
been  botanically  defcribed  in  the  Encyclopaedia  Britan- 
nica,  where  fome  account  is  likewife  given  of  the  modes 
of  cultivating  it,  as  well  as  of  the  qualities  of  its  fruit. 

Since  that  account,  however,  was  publifhed,  two  works 
have  fallen  into  our  hands,  from  which  we  deem  it  our 
duty  to  make  fuch  extracts  as  may  not  only  correfl: 
fome  miftakes  which  we  had  committed,  but  alfo  com- 
municate ufeful  information  to  the  public. 

In  our  former  article  we  adopted  the  common  opi- 
nion, that  the  coffee  produced  in  Arabia  is  fo  greatly 
fuperior  to  that  which  is  raifed  everywhere  elfe,  that  it 
is  vain  to  think  of  cultivating  the  plant  to  any  extent  in 
the  Weft  India  iflands.  We  are  happy  to  find  that  this 
is  a vulgar  error.  In  the  year  1783,  when  the  culti- 
vation of  coffee  was  not  fo  well  underftood  in  Jamaica 
as  at  prefent,  fome  faraples  from  that  ifland  were  pro- 
duced in  London,  and  pronounced  by  the  dealers 
to  be  equal  to  the  very  beft  brought  from  the  Eaft. 

“ Two  of  the  famples  were  equal  to  the  beft  MocBa 
coffee,  and  two  more  of  them  fuperior  to  any  coffee  i 
to  be  had  at  the  grocers  fliops  in  London,  unlefs  you 
will  pay  the  price  of  picked  coffee  for  it,  which  is  two 
fliillings  per  pound  more  than  for  that  which  they  call 
the  hejl  coffee.  All  the  reft  of  the  famples  were  far  | 

from  bad  coffee,  and  very  little  inferior,  if  at  all,  to  ! 

what  the  grocers  call  bejl  coffee*.”  * il% 

If  this  be  fo,  it  furely  becomes  the  legiflature  of  Tre\im 
Great  Britain  to  encourage  the  cultivation  of  coffee  in  , 
the  Weft  Indies,  efpecially  as  it  thrives  beft  in  foil  which 
is  not  fit  for  the  fugar-cane,  and  may  be  raifed  in  con- 

fiderable 
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Ccsa*  fiderable  quantities  by  thofe  who  are  not  able  to  flock 
a fugar  plantation.  The  encouraging  every  article  which 
increafes  the  intercourfe  with  our  colonies  is  increafing 
4 our  coHimerce.  The  payment  for  all  the  ftaples  of  the 

J.  Weft  Indies  Is  made  in  our  inanufadtures  ; the  fale  of 

which  muft  increafe  in  proportion  to  the  numbers  that 
are  employed  in  the  cultivation  of  what  is  bartered  for 
them.  Our  Weft  India  iflands,  without  draining  us  of 
j fpecie  or  bullion,  can  fupply  us  with  many  of  thofe  ve- 
ry articles  for  which  we  are  drained  in  other  parts  of 
the  world,  and  particularly  with  coffee, 
i To  give  a detailed  account  of  the  introdudlion  of  the 
i coffee-tree  into  the  Weft  Indies,  would  fwell  this  article 

; to  very  little  purpofe.  According  to  Boerhaave,  a 

S Dutch  governor  was  the  firft  perfon  who  procured  frefh 

berries  from  Mocha,  and  planted  them  in  Batavia ; and 
in  the  year  1690  fent  a plant  from  thence  to  Amfter- 
dam,  which  came  to  maturity,  and  produced  thofe  ber- 
[ ries  which  have  fince  furnifhed  all  that  is  now  cultiva- 
ted in  the  Weft  Indies. 

In  1714  a plant  from  the  garden  of  Amfterdani  was 
I , fent  by  Mr  Pancras,  a burgomafter,  and  diredlor  of  the 
botanic  garden,  as  a prefent  to  Louis  XIV.  which  was 

H'  placed  in  the  garden  at  Marly.  In  1718  the  Dutch 

began  to  cultivate  coffee  in  Surinam;  in  1721  the 
' French  began  to  cultivate  it  at  Cayenne  ; In  1727  at 
Martinico  ; and  in  1728  the  Englifh  began  to  cultivate 

I it  in  Jamaica. 

As  it  has  been  more  cultivated  in  the  French  Weft- 
India  iflands  than  in  the  Britifh,  it  may  be  of  importance 
to  our  colonifts  to  be  made  acquainted  with  the  prac- 
tice of  the  French  planters.  Accordingly  Dr  La- 
I borie,  a royalift  of  St.  Domingo,  has  lately  publiftied  a 
, I volume  for  their  inftruftion  on  this  fubjeft  ; in  which 

' I are  many  judicious  obfervations,  the  refult  of  long  expe- 

i rience,  refpeding  the  foil  fit  for  a coffee-plantation ; 

j the  various  eftablifhments  neceffary  ; the  cultivation  of 

^ the  coffee-tree  through  the  feveral  ftages  of  its  growth 

and  duration  ; and  the  management  and  ufe  of  the  ne- 
groes and  cattle. 

With  refped  to  foil,  it  Is  a fail,  fays  he,  beyond  con- 
tradiflion,  that  low  lands,  and  even  the  mountains  near 
FAj,  the  champaign  country,  are  lefs  proper  for  the  produc- 
tion  of  coffee,  than  lands  which  are  high  and  at  a di- 
fiance  from  the  fea.  The  coffee-tree  delights  In  a com- 
• i paratively  cool  climate,  and  in  an  open  and  permeable 
i'l  virgin  foil ; and  is  hurt  by  the  parching  deftruitive  air 
of  the  fea.  The  foil  on  the  mountains  of  St  Domingo 
I confifts  generally  of  a bed  of  mould  more  or  lefs  deep  ; 

' but  which,  for  the  produilion  of  coffee-trees,  ought  not 
\ ' to  be  lefs  than  four  or  five  feet.  If  the  declivity  be 
i j gentle,  the  fofteft  and  moft  friable  earth  is  preferable  to 
J all  others ; but  in  fteep  grounds  a firm  though  not  clayey 
la!  foi'j  mixed  with  a proportion  of  gravel  or  fmall  ftoncs, 
through  which  the  water  may  find  an  eafy  way,  is  the 
1 moft  defirable.  The  colour  of  the  ground  is  of  little 
^ ^ confequence,  though  fuch  as  is  fomewhat  reddifh  is  ge- 
I nerally  to  be  preferred.  With  regard  to  expofure,  the 
i : north  and  weft  are  the  moft  eligible  in  low  and  hot  fi- 

tuations,  becaufe  thefe  expofures  are  the  cooleft ; and 
i n on  the  highefl  mountains  the  fouth  and  eaft  are  to  be 
chofen,  becaufe  they  are  the  hotteft.  On  the  whole, 

, neither  the  higheft  nor  the  loweft  fituations  are  the  beft, 

' but  thofe  which  are  confiderably  above  the  middle  of 
the  mountains , 
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Whatever  be  the  planter’s  circumftances  In  point  of 
fortune,  and  our  author  thinks  that  he  ought  not  to 
undertake  a fettlement  without  the  command  of  3000 
or  4000  pounds  fterling,  he  ought  not  to  fet  out  with 
a great  number  of  negroes.  If  he  cannot  command  a 
plentiful  fupply  of  vidluals  from  fome  contiguous  plan- 
tation, fix,  or  at  the  moft  twelve,  male  negroes,  with 
one  or  two  women,  will  be  found  fufficlent  to  make  the 
firft  effay.  After  building  two  huts,  one  for  the  mafter 
or  overfeer  and  the  other  for  the  flaves,  they  are  to  com- 
mence their  operations  by  cutting  away  the  underwood 
and  creeping  plants  with  the  bill,  and  felling  the  trees. 
The  trees  are  to  be  cut  as  low  as  poiSbl^,  but  the  roots 
are  to  be  left  in  the  ground,  becaufe  they  preferve  the 
foil  during  the  firft  period  of  culture ; and  in  burning 
this  mafs  of  wood  and  fhrubs,  the  only  way  fometimes 
of  clearing  the  ground,  care  muft  be  taken  that  the  fire 
be  nowhere  fo  violent  as  to  convert  the  foil  Into  the 
confiftence  of  brick,  which  it  is  very  apt  to  do  if  the 
foil  be  clayey.  Amid  the  coffee-trees,  after  they  are 
planted  may  be  fown  beans,  maize,  and  all  kinds  of  ef- 
culent  plants,  pot  herbs,  and  roots  ; but  particular  care 
muft  be  taken  to  remove  from  thefe  plantations  all  creep- 
ing plants,  fuch  as  melons,  yams,  potatoes,  gourds,  and 
more  efpecially  tobacco,  which  multiplies  to  a vaft  ex- 
tent, and  exhaufts  the  ground. 

In  St  Domingo  the  moft  approved  method  of  plant- 
ing the  coffee-tree  is  in  ftraight  rows  croffmg  each  other 
at  right  angles,  and  the  diftance  between  the  plants  is 
regulated  by  the  quality  and  expofure  of  the  ground. 
The  richer  the  foil,  the  expofures  being  the  fame,  and 
the  cooler  the  expofure,  the  quality  of  the  foil  being 
the  fame,  the  farther  muft  the  trees  be  planted  afunder. 
If  on  the  north  and  weft  the  ground  be  good,  plant  ftill 
farther ; but,  on  the  contrary.  If  to  the  eaft  or  fouth  it 
be  light  (which  It  generally  is),  plant  ftill  nearer.  Thus 
if  it  be  proper  on  a fouth  or  eaft  expofure  to  plant  at 
the  diftance  of  fix  feet,  it  will  be  neceffary  to  plant  at 
the  diftance  of  feven  on  a weft  or  north  expofure,  if  the 
ground  be  of  the  fame  quality  as  in  the  other  fitua- 
tions. 

Though  coffee,  like  all  other  vegetables,  grows  from 
the  feed.  Dr  Laborie  advifes,  in  the  forming  of  large 
plantations,  to  make  ufe  of  faplings  reared  in  nurfe- 
ries  ; and  the  fituatlon  fitted  for  a nurfery  is  a plain,  or 
at  lead  a ground  of  gentle  afcent,  w’here  the  mould  Is 
crumbly.  In  forming  a nurfery,  fome  plant  the  whole 
berry  ; but  our  author  recommends  the  taking  off  the 
fkin,  and  wafhing  thefeparated  feeds;  in  which  we  fufpeift 
that  he  is  miftaken,  as  his  pradlice  is  certainly  a devia- 
tion from  nature.  The  nurfery  muft  be  kept  very  clear 
of  weeds,  and  neither  corn  nor  any  thing  elfe  fowm 
in  it. 

The  beft  feafon  for  tranfplanting  the  faplings  is  dur- 
ing the  genial  rains  of  April  and  May,  when  great  at- 
tention is  required,  as  the  treafures  of  future  harveftst 
are  at  ftake.  Thofe  plants  are  the  fitted  for  being  re- 
moved which,  in  the  language  of  our  author,  are 
crowned,  or  have  each  four  little  boughs ; and,  if  the 
feeds  were  frefti  and  fown  in  furrows  about  an  inch  from 
each  other,  this  perfection  is  generally  attained  in  the 
courfe  of  a year.  The  faplings  muft  not  be  pulled  up 
by  force,  but  carefully  railed  by  means  of  a flat,  lharp, 
iron  iliovel,  thruft  deep  under  their  roots  ; and  the  foon- 
er  they  are  planted,  after  being  taken  up,  the  better. 

In 
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In  planting,  tlie  firfl  thing  to  be  done  is  to  tliruft 
hito  the  ground  a dibble,  or  iharp  pointed  flick,  round 
V hieh  a hole  is  dug  from  nine  to  twelve  inches  in  dia- 
meter, and  from  fifteen  to  eighteen  in  deflh.  Then  a 
t|uantity  of  the  mould  taken  cut  of  the  hole  is  thrown 
back  into  it,  1 11  its  depth  be  diminiflied  about  four  or  fix 
inches  ; and  the  plant  being  fupported  w ith  the  left 
Isand,  in  the  middle  of  the  hole,  while  the  end  of  its 
llraight  root,  which  pur  author  calls  its  pivot,  touches 
lightly  the  new  bed,  the  furrounding  mould  is  with  the 
light  hand  thrown  in,  to  the  height  of  fix  inches.  Th'S 
being  lightly  prefled  down  w'ith  both  hands,  more  earth 
is  thrown  ih  and  ptfed  in  the  fame  manner,  care  being 
taken  not  to  hurt,  or  bend,  or  difplace  the  fapling, 
Vi^hich  muft  be  fet  fo  deep  that  its  tw  o inferior  branches 
be  rather  below  the  level  of  the  ground.  On  this  ac- 
count three  or  four  inches  of  the  hole  are  left  open, 
w'hich,  by  the  time  that  thefe  branches  rife  above  its 
margin,  are  filled  up  by  the  fnrrounding  earth.  The 
biifinefs  is  finiflied  by  finking  the  fharp-pointed  flick  at 
the  upper  margin  of  the  hole,  where  it  ferves  -as  a fmall 
fence  to  the  infant  tree.  In  hot  fituations  plantain 
trees  are  intermingled  with  the  coffee-trees  for  the  pur- 
pofe  of  (hade  and  coolnefs.  They  are  ufually  placed  in 
every  fourth  or  fixth  row,  as  the  trees  are  more  or  lefs 
diftant,  and  the  expofure  more  or  lefs  hot. 

To  the  bufinefs  of  planting  very  foon  fucceeds  that 
of  w'eeding  ; for  there  is  hardly  any  plant  to  which 
weeds  are  fo  pernicious  as  the  coffee-tree  : they  caufe 
it  to  grow  yellow,  fade,  wither,  and  perifh.  Where 
the  ground  Hopes  much,  efpecially  if  the  foil  be  fofc 
and  friable,  the  weeds  muft  be  taken  up  by  the  hand  ; 
for  if  they  be  rooted  out  by  the  hoe,  the  foil  will  be  fo 
loofened  that  the  rains  wall  fw^eep  it  away.  Some 
weeds,  however,  from  the  depth  of  their  roots  muft  be 
dug  up ; and  when  that  is  the  cafe  the  earth  muft  be 
carefully  returned  and  prefled  down.  If,  in  weeding, 
any  faplings  be  found  withered,  others  of  the  fame 
fize  muft  be  brought  from  the  nurfery  and  planted  in 
their  head,  with  w^hat  our  author  calls  their  clod,  i.  e. 
W'ith  the  earth  of  the  nurfery  adhering  to  their  roots. 
If  any  fapling  be  found  broken  or  twifted,  it  muft  be 
cut  clofe  by  the  ground  in  a floping  direftion,  the  cut 
furface  facing  the  north,  and  it  will  foon  put  forth  fuck- 
ers, of  which  the  beft  only  need  be  preferved.  In  plan- 
tations of  eighteen  or  twenty  months  old  trees  are  often 
found  with  yellow',  withered  leaves,  of  w hich  the  caufe 
is  fometimes  a premature  load  of  fruit,  w'hich  muft 
therefore  be  inftantly  removed  or  the  tree  w'ill  perifh. 
If,  after  this,  it  begin  not  in  a few  days  to  recover,  it  is 
probably  eaten  at  the  roots  by  a large  white  worm  re- 
fembling  a flug.  In  that  cafe  the  tree  muft  be  remo- 
ved, the  worm  taken  out,  and  before  another  tree  be 
planted  in  its  ftead,  a large  hole  muft  be  made  in  the 
ground,  expofed  to  the  influence  of  the  fun  at  leaft  for 
a fortnight. 

The  natural  height  of  the  coffee  tree  is  from  15  to 
18  feet ; and  if  left  to  itfelf  it  would  have  the  form  of 
moll  other  trees,  /.  e.  a naked  trunk  and  a branchy  head. 
This  is  prevented  by  what  the  planters  call  Jl opping  ; 
which  is  performed  by  cutting  off  the  top  of  the  tree 
when  it  has  arrived  at  the  proper  height,  which  varies 
according  to  circumftances.  In  the  beft  foil  and  moft 
genial  expofure,  it  is  fuffered  to  grow  to  the  height  of 
five  feet,  and  in  the  worft  ftopped  at  tw'o  ; but  under  tlie 


fame  afpetft,  and  on  ground  of  the  fame  quality,  all  the  Col 
trees  ought  to  be  flopped  at  the  fame  height.  This  ope- 
ration  of  flopping  is  very  apt  to  make  the  trees  put 
forth  fuperfluous  branches,  w'hich  renders  them  inac- 
cefllble  to  the  genial  w'armth  of  the  fun,  and,  of  courfe, 
deficient  in  the  powers  of  frudification.  Thefe  muft 
be  piucled  while  yet  tender;  for  if  they  be  fuffer- 

ed to  grow  till  it  become  nece.flary  to  cut  them,  a num- 
ber of  fprouts  fucceed  ; whereas,  when  they  are  pluck- 
ed, the  w'ound  foon  cicatrizes,  and  nothing  follows. 

The  faw  and  the  knife,  however,  muft  fometimes  be 
ufed  ; for  w’hen  trees  grow  old  their  heads  are  apt  to 
fpoil ; fuperfluous  branches  may  have  been  left  upon 
them  through  negled;  a bough  may  have  been  broken 
by  accident ; or  branches  may  be  fpent  by  too  great  a 
load  of  fruit.  In  all  thefe  cafes  recourfe  muft  be  had 
to  pruning,  which  Ihould  be  performed  immediately  af- 
ter crop,  and  in  fuch  a manner  as  that  the  tree,  when 
it  puts  forth  its  new  branches,  may  ftill  have  as  much 
as  polTible  its  natural  or  former  appearance.  This  W'ill 
be  accompliflied  by  cutting  the  withered  bough  imme- 
diately above  a knot,  whence  a good  fecondary  branch 
is  put  forth,  W'hich  may  be  eafily  trained  into  the  pro- 
per ftiape.  Our  author  direds  the  cut  to  be  always 
made  fo  as  that  the  floping  furface  fhall  face  the  north  ; 
by  which  expofure  it  w'ill  efcape  the  injury  which  it 
w'ould  otherwife  receive  from  the  excefllve  heat  of  the 
fun.  This  is  a good  advice;  but  it  would  ftill  be  an 
improvement  on  it  to  treat  the  wound  with  Forfyth’s 
or  Hit’s  plafter,  which  we  have  deferibed  elfewhere 
(See  Encycl.  Vol.  XVIII.  page  562).  When  the  tree 
is  completely  pruned,  the  mofs  and  other  excrefcences 
muft  be  feraped  from  the  trunk  with  a w'ooden  knife, 
great  care  being  taken  not  to  injure  the  bark. 

After  pruning  follows  what  is  called  nipping.  This 
is  nothing  more  than  the  removal  of  thofe  fuperfluous 
fmall  twigs  which  are  fent  forth  from  every  cut  furface 
in  fuch  numbers  as  would  foon  exhauft  the  tree ; and  it 
is  called  nipping,  becaufe  they  are  plucked  away  by  the 
hand,  and  not  cut  by  the  knife.  It  is  needlefs  to  add, 
that  v/hen  the  ground  begins  to  be  impoverilhed,  it 
muft  be  enriched  by  proper  manure.  This  is  known 
to  every  hulbandman  both  in  Europe  and  in  the  Weft 
Indies ; but  it  is  not  perhaps  fo  generally  known  that 
the  weedings,  and  chiefly  the  red  fkins  of  coffee,  when 
gathered  into  pits,  are,  in  procefs  of  time,  converted 
into  a black  mould,  which  our  author  fays  makes  the 
very  beft  manure. 

“ The  fruit  of  the  coffee,  when  perfedlly  ripe,  ap- 
pears like  a fmall  oval  cherry.  Under  a red  and  Ihining 
fkin  a w'hitifti  clammy  lufeious  pulp  prefents  itfelf, 
which  generally  inclofes  two  feeds.  Thefe  feeds  have 
one  fide  flat,  the  other  hemifpherical.  The  firft  is 
marked  with  a longitudinal  fiflure,  and  the  flat  Tides  arc 
applied  to  each  other.  When  the  feeds  are  opened, 
they  are  found  covered  with  a white,  ligneous,  brittle 
membrane,  denominated  parchment ; on  the  infide  of 
W'hich  is  another  filver-coloured  membrane,  exceedingly 
thin,  and  feeming  to  originate  from  the  fiflure  of  the 
feeds.  Sometimes  the  cherry  has  but  one  feed  or  grain, 
which  then  is  in  the  form  of  a fmall  egg.  This  is  pe- 
culiar to  old  decayed  trees,  or  to  the  extremities  of  fome 
fmall  branches.” 

The  bufinefs  of  preparation  confifts  in  taking  the 
feed  from  its  covering,  in  drying,  and  in  cleaning  it  fo 

as 
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L 'ifFea.  as  to  have  every  advantage  at  market*  Our  author 
thinks  that  the  beft  method  of  preparing  the  cojffee  is 
to  ftrip  the  feed  of  its  outer  fkin  immediately  on  its  be- 
ing pulled,  and  to  dry  it  in  its  parchment.  The  pro- 
cefs  has  been  already  defcribed  in  the  Encyclopaedia ; 
but  we  believe  it  to  be  an  injudicious  one.  We  have 
« the  authority  of  a very  eminent  botanift*,  well  ac- 

quainted  with  all  the  vegetable  produdions  of  the  Weft 
Indies,  to  fay,  that  the  improvement  which  we  have 
there  mentioned,  as  propofed  by  Mr  Miller,  is  greatly 
preferable  to  Dr  Laborie’s  pradice.  Indeed  he  him- 
lelf  admits,  that  coffee  dried  in  the  berry  is  more  heavy 
than  when  dried  in  parchment,  and  that  it  generally 
has  a higher  flavour.  Nay,  he  fays  exprefsly,  that  “ if 
a planter  wants  to  have  coffee  of  the  firft  quality,  either 
for  himfelf  or  for  his  friends,  he  muft  fet  apart  a num- 
ber of  his  oldeft  trees,  and  not  gather  the  fruit  till  it  is 
ripened  into  drynefs.  It  is  in  that  manner,  he  believes, 
that  the  Arabians  in  Yemen  make  their  little  harvefts ; 
and  he  declares,  that  coffee  thus  nourifhed  on  the  tree 
to  the  laft  moment,  muft  have  every  perfedion  of  which 
it  is  capable.”  His  only  plaufible  objeftion  is,  that 
the  trees  are  foon  exhaufted  when  the  fruit  is  left  fo 
long  upon  them  ; but  doubtlefs  this  exhauftion  might 
be  retarded  by  proper  manure. 

The  chemical  analyfis  of  coffee  evinces  that  it  pof- 
feffes  a great  portion  of  mildly  bitter  and  lightly  aftrin- 
gent  gummous  and  refinous  extradf ; a confiderable 
quantity  of  oil ; a fixed  fait ; and  a volatile  fait. — Thefe 
are  its  medicinal  conftituent  principles.  The  intention 
of  torrefaflion  is  not  only  to  make  it  deliver  thofe  prin- 
ciples, and  make  them  foluble  in  water,  but  to  give  it 
a property  it  does  not  poffefs  in  the  natural  ftate  of  the 
berry.  By  the  adlion  of  fire,  its  leguminous  tafte  and 
the  aqueous  part  of  its  mucilage  are  deftroyed  ; its  fa- 
line  properties  are  created  and  difengaged,  and  its  oil 
is  rendered  empyreumatic. — From  thence  arifes  the 
pungent  fmell,  and  exhilarating  flavour,  not  found  in 
its  natural  ftate. 

The  roafting  of  the  berry  to  a proper  degree  requires 
great  nicety  : Du  Four  jufUy  remarks,  that  the  virtue 
I and  agreeablenefs  of  the  drink  depend  on  it,  and  that 

I both  are  often  injured  in  the  ordinary  method.  Ber- 

nier fays,  when  he  was  at  Cairo,  where  it  is  fo  much 
ufed,  he  was  affured  by  the  beft  judges,  that  there  were 
only  two  people  in  that  great  city,  in  the  public  way, 
who  underftood  the  preparing  it  in  perfedion.  If  it 
be  under-done,  its  virtues  will  not  be  imparted,  and  in 
ufe  it  will  load  and  opprefs  the  ftomach  : — If  it  be 
overdone,  it  will  yield  a flat,  burnt,  and  bitter  tafte,  its 
virtues  will  be  deftroyed,  and  In  ufe  it  will  heat  the  bo- 
dy, and  ad  as  an  aftringent. 

Fourteen  pounds  weight  of  raw  coffee  Is  generally 
I reduced,  at  the  public  roafting  houfes  in  London,  to 

' eleven  pounds  by  the  roafting  ; for  which  the  dealer 

pays  feven  pence  halfpenny,  at  the  rate  of  five  (hillings 
for  every  hundred  weight.  In  Paris,  the  fame  quan- 
tity is  reduced  to  ten  pounds  and  an  half.  But  the 
I roafting  ought  to  be  regulated  by  the  age  and  quality 
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of  the  coffee,  and  by  nicer  rules  than  the  appearance  of 
the  fumes,  and  fuch  as  are  ufually  pradifed : therefore 
the  redudion  muft  confequently  vary,  and  no  exad 
ftandard  can  be  afcertained.  Befidcs,  by  mixing  dif- 
ferent forts  of  coffee  together,  that  require  different  de- 
grees of  heat  and  roafting,  coffee  has  feldom  all  the  ad- 
vantages it  is  capable  o(  receiving  to  make  it  delicate, 
grateful,  and  pleafant.  This  indeed  can  be  effeded  no 
way  fo  well  as  by  people  who  have  it  roafted  in  their 
own  houfes,  to  their  own  tafte,  and  fre(h  as  they  want 
it  for  ufe.  The  clofer  it  is  confined  at  the  time  of  roaft- 
ing, and  till  ufed,  the  better  will  its  volatile  pungency, 
flavour,  and  virtues,  bepreferved. 

The  mode  of  preparing  this  beverage  for  common 
ufe  differs  in  different  countries,  principally  as  to  the 
additions  made  to  it. — But  though  that  is  generally 
underftood,  and  that  tafte,  conftitution,  the  quality  of 
the  coffee,  and  the  quantity  intended  to  be  drunk,  muft 
be  confulted,  in  regard  to  the  proportion  of  coffee  to 
the  water  in  making  it — yet  there  is  one  material  point, 
the  importance  of  which  is  not  well  underftood,  and 
which  admits  of  no  deviation. 

The  prefervatlon  of  the  virtues  of  coffee,  particularly 
when  it  is  of  a fine  quality,  and  exempt  from  ranknefs, 
as  has  been  faid,  depends  on  carefully  confining  it  after 
it  has  been  roafted ; and  not  powdering  it  until  the 
lime  of  ufing  it,  that  the  volatile  and  ethereal  princi- 
ples, generated  by  the  fire,  may  not  efcape.  But  all 
this  will  fignify  nothing,  and  the  beft  materials  will  be 
ufelefs,  unlefs  the  following  important  admonition  is 
ftridlly  attended  to  ; which  is,  that  after  the  liquor  is 
made, — it  fhould  be  bright  and  clear,  and  entirely 
exempt  from  the  lead  cloudinefs  or  foul  appearance, 
from  a fufpenfion  of  any  of  the  particles  of  the  fubftance 
of  the  coffee. 

There  is  fcarcely  any  vegetable  infufion  or  decoflion 
whofe  effects  differ  from  its  grofs  origin  more  than  that 
of  which  we  are  fpeaking.  Coffee  taken  in  fubftance 
caufes  oppreflion  at  the  ftomach,  heat,  naufea,  and  in- 
digeftion  : confequently  a continued  ufe  of  a prepara- 
tion of  it,  in  which  any  quantity  of  its  fubftance  is  con- 
tained, befides  being  difgufting  to  the  palate,  muft  tend 
to  produce  the  fame  indifpofitions.  The  refiduum  of 
the  roafted  berry,  after  its  virtues  are  extrafted  from  it, 
is  little  more  than  an  earthy  calx,  and  muft  therefore 
be  injurious. 

The  want  of  attention  to  this  circumftance  has  been 
the  caufe  of  many  of  the  complaints  againft  coffee, 
and  of  the  averfion  which  fome  people  have  to  it ; and 
it  is  from  this  confideration  that  coffee  fhould  not  be 
prepared  with  milk  inftead  of  water,  nor  fliould  the 
milk  be  added  to  it  on  the  fire,  as  is  fometimes  the  cafe, 
for  economical  dietetic  purpofes,  where  only  a fmall 
quantity  of  coffee  is  ufed,  as  the  tenacity  of  the  milk 
impedes  the  precipitation  of  the  grounds,  which  is  ne* 
celTary  for  the  purity  of  the  liquor,  and  therefore  nei- 
ther the  milk  not  the  fugar  fliould  be  added  until  after 
it  is  made  with  water  in  the  ufual  w'^ay,  and  the  clarifi- 
cation of  it  is  completed  (a). — The  milk  (hould  be  hot 
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(a)  It  is  not  to  coffee  alone  that  this  reflexion  is  confined  ; every  article  we  ufe  as  a diluter  demands  the 
fame  attention.  Mall  liquors,  particularly  fmall  beer,  which  in  this  refped  is  much  negledled,  ought  always  to 
be  carefully  fined.  The  feculent  matter  entangled  by  the  mucilage  of  the  malt  is  hurtful  to  digeltion,  and  de- 
trimental to  health. 
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Coffer-  uhen  added  to  the  liquor  of  the  coffee,  which  ftiould 
Dams  a)fQ  q-  both  (hould  be  heated  together,  in  this 

Cohoez  ufing  coffee  as  an  article  of  fiiftenance. 

If  a knowledge  of  the  principles  of  coffee,  founded 
on  examination  and  various  experiments,  added  to  ob- 
fervations  made  on  the  extenfive  and  indifcriminate  ufe 
of  it,  cannot  authorife  us  to  attribute  to  it  any  parti- 
cular quality  unfriendly  to  the  human  frame  ; — if  the 
unerring  teft  of  experience  has  confirmed  its  utility,  in 
many  countries,  not  exclufively  produflive  of  thofe  in- 
conveniences, habits,  and  difeafes,  for  which  its  pecu- 
liar properties  feem  moft  applicable — let  thofe  proper- 
ties be  duly  confidered  ; and  let  us  refledt  on  the  Hate 
of  our  atmofphere,  the  food  and  modes  of  life  of  the 
inhabitants, — and  the  chronical  infirmities  which  derive 
their  origin  from  thefe  fources,  and  it  will  be  evident 
what  falutary  tffedls  might  be  expedted  from  the  general 
dietetic  ufe  of  coffee  in  Great  Britain. 

COFFER  Dams,  or  Batardeaux,  in  bridge-building, 
are  inclofutes  formed  for  laying  the  foundation  of  piers, 
and  for  other  works  in  water,  to  exclude  the  furround- 
ing water,  and  fo  prevent  it  from  interrupting  the 
workmen. 

COHANZY,  or  Cafaria,  a fmall  river,  w'hich  rifes 
in  Salem  co.  New-Jerfey,  and  running  through  Cum- 
berland CO.  empties  into  Delaware  river  oppoute  the 
upper  end  of  Bombay  Hook.  It  is  about  30  miles  In 
length,  and  is  navigable  for  veffels  of  100  tons  to  Bridge- 
town, 20  miles  from  its  mouth. — Morse. 

COHASSET,  a townfhip  in  Norfolk  co  Maffachu- 
fctts,  which  was  incorporated  in  1770,  and  contains 
817  inhabitants.  It  has  a congregational  church,  and 
1 26  houfes,  fcattered  on  different  farms.  Cohaffet  rocks, 
which  have  been  fo  fatal  to  many  veffels,  lie  off  this 
town,  about  a league  from  the  ftiore.  It  lies  25  miles 
S.  E.  of  Bofton  ; but  in  a ftraight  line  not  above  half 
the  diftance. — ih. 

COHGNAWAGA,  a parifh  in  the  townfhip  of 
Johnftown,  Montgomery  co.  New-York,  oa  the  W. 
fide  of  Mohawk  river,  26  miles  W.  of  Schenedtady. 
This  place  which  had  been  fettled  nearly  80  years, 
and  which  was  the  feat  of  Sir  William  Johnfon,  was 
mofily  deftroyed  by  the  Britifh  and  Indians,  under  the 
command  of  Sir  William,  in  the  year  1780.  In  this 
adfion,  Johnfon  evinced  a want  of  feeling  which  would 
have  difgraced  a favage.  The  people  deftroyed  in  this 
expedition,  were  his  old  neighbours,  with  whom  he  had 
formerly  lived  in  the  habits  of  friendfhip.  His  eftate 
was  among  them,  and  the  inhabitants  had  always  con- 
fidered him  as  their  friend  and  neighbour.  Thefe  un- 
fortunate people,  after  feeing  their  houfes  and  property 
confumed  to  afhes,  were  hurried,  fuch  as  could  walk, 
into  cruel  captivity  ; thofe  who  could  not  walk,  fell 
vi^lims  to  the  tomahawk  and  fcalping  knife. — ib. 

COHOEZ,  or  the  Falls  in  Mohawk  river  between  2 
and  3 miles  from  its  mouth,  and  10  miles  northward 
of  Albany,  are  a very  great  natural  curiofity.  The 
river  above  the  falls,  is  about  300  yards  wide,  and  ap- 
proaches them  from  the  N.  W.  in  a rapid  current,  be- 
tween high  banks  on  each  fide,  and  pours  the  W'hole 
body  of  its  water  over  a perpendicular  rock  of  about 
40  (fibme  fay  more)  feet  in  height,  which  extends  quite 
acrofs  the  river,  like  a mill  dam.  The  banks  of  the 
mer,  immediately  below  the  falls,  are  about  ico  feet 


high.  Abridge  1100  feet  long,  and  24  feet  wide,  Cohoti(  | 
refting  on  13  piers,  was  eredted,  at  the  expenfe  of  ronu  | 
12,000  dollars,  in  1794,  ^ below  the  falls,  from  ! 

which  a fpedlator  may  have  a grand  view  of  them  : but  ' 

they  appear  moft  romantically  from  Eanfinburg  hill,  ^ 
miles  E.  of  them. — lb. 

COHONGORONTO,  is  the  name  of  Potowmac  ri- 
ver  before  it  breaks  through  the  Blue  Ridge,  in  N.  lat. 

39.  45.  Its  whole  length  to  the  Blue  Ridge,  may  be 
about  160  miles  ; from  thence  it  aflumes  the  name  of 
Potonumack. — ib. 

COHUIXCAS,  a country  in  New-Spain,  in  which 
there  is  a confiderable  mountain  of  loadltone,  between 
Tcoiltylan  and  Chilapan. — ib. 

COKESBURY  COLLEGE,  In  the  town  of  Abing- 
ton,  in  Harford  co.  Maryland,  is  an  inftitution  which 
bids  fair  to  promote  the  improvement  of  fcience,  and 
the  cultivation  of  virtue.  It  was  founded  by  the  Me- 
thodifts,  in  1785,  and  has  its  name  in  honor  of  Thomas 
Coke,  and  Francis  Albury,  the  American  biftiops  of 
the  Methodift  Epifcopal  church.  The  edifice  is  of  brick, 
handfomcly  built,  on  a healthy  fpot,  enjoying  a fine 
air,  and  a very  extenfive  profpedl.  The  college  was 
eredted,  and  is  wholly  fupported  by  fubfeription  and  vo- 
luntary donations.  The  ftudents,  who  are  to  confift: 
of  the  fons  of  travelling  preachers,  annual  fubferibers, 
members  of  the  fociety,  and  orphans,  are  inftrudted  in 
Englifti,  Latin,  Greek,  logic,  rhetoric,  hiftory,  geo- 
graphy, natural  phllofophy,  and  aftrOnomy  ; and  when 
the  finances  of  the  college  will  admit,  they  are  to  be 
taught  the  Hebrew,  French  and  German  languages. 

The  rules  for  the  private  condudl  of  the  ftudents  ex- 
tend to  their  amufements  ; and  all  tend  to  promote  re- 
gularity, encourage  induftry,  and  to  nip  the  buds  of 
idlenefs  and  vice.  Their  recreations  without  doors  are, 
walking,  gardening,  riding,  and  bathing;  within 
doors  they  have  tools  and  accommodations  for  the  car- 
penter’s, joiner’s,  cabinet  maker’s,  or  turner’s  bufinefs. 

Thefe  they  are  taught  to  confider  aspleafing  and  health* 
ful  recreations,  both  for  the  body  and  mind. — ib. 

COLAN,  a fmall  Indian  town,  fituated  near  the 
South  Sea,  2 or  3 leagues  to  the  northward  of  Payta, 
inhabited  by  fiftiermen.  Here  they  make  large  rafts  of 
logs,  which  will  carry  60  or  70  tons  of  goods  ; with 
thefe  they  make  long  voyages,  even  to  Panama,  5 or 
600  leagues  diftant.  They  have  a maft  with  a fail 
faftened  to  it.  They  always  go  before  the  wind,  be- 
ing unable  to  ply  againft  it ; and  therefore  only  fit  for 
thefe  feas,  where  the  wind  is  always  in  a manner  the 
fame,  not  varying  above  a point  or  two  all  the  way 
from  Lima,  till  they  come  into  the  bay  of  Panama  ; 
and  there  they  muft  foraetimes  v/ait  for  a change. 

Their  cargo  is  ufually  wine,  oil,  fugar,  Quito  cloth, 
foap,  and  dreffed  goat  Ikins.  The  float  is  uiually  navi- 
gated by  3 or  4 men,  who  fell  their  float  where  they  | 
dlfpofe  of  their  cargo  ; and  return  as  paffengers  to  the 
port  they  came  from.  The  Indians  go  out  at  night  by  i 

the  help  of  the  land-wind,  with  fiftiing  floats,  more  j 

manageable  than  the  others,  though  thefe  have  mafts 
and  fails  too,  and  return  again  in  the  day-time  with  the 
fea  wind. — ib. 

COLCHESTER,  the  chief  town  in  Effer,  is  de- 
feribed  in  the  Encyclopsedia  ; but  the  defeription  is  in 
many  refpefls  erroneous.  The  following  account  of 
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'Colerain  as  foon  as  they  were  expofed  to  the  air  they  mouldered 
II  to  dull.  This  adds  another  to  the  many  fadts,  which 

prove  that  a race  of  enormous  animals,  now  extindt, 
once  inhabited  the  United  States. — ib. 

COLERAIN,  a tovvnfhip  in  Lancafterco.  Pennfyl. 
vania. — ll. 

Colerain,  a town  on  the  N,  bank  of  St  Mary’s 
river,  Camden  co.  Georgia,  40  or  50  miles  from  its 
mouth.  On  the  29th  of  June,  1796,  a treaty  of  peace 
and  friendfhip  was  made  and  concluded  at  this  place, 
between  the  Prefident  of  the  United  States,  on  the  one 
part,  in  behalf  of  the  United  States,  and  the  kings  chiefs 
and  warriors  of  the  Creek  nation  of  Indians,  on  the 
other.  By  this  treaty,  the  line  between  the  white  people 
and  the  Indians,  was  eftablilhed  to  run  “ from  the 
Curiahee  mountain  to  the  head  or  fource  of  the  main 
fouth  branch  of  the  Oconee  river,  called,  by  the  white 
people,  Appalatohee,  and  by  the  Indians,  Tulapoeka, 
and  down  the  middle  of  the  fame.”  Liberty  was  alfo 
given  by  the  Indians  to  the  Prefident  of  the  United 
States,  to  “ eftablifh  a trading  or  military  pod  on  the  S. 
fide  of  Alatamaha,  about  1 mile  above  Beard’s  bluff,  or 
any  where  from  thence  down  the  river,  on  the  lands 
of  the  Indians  and  the  Indians  agreed  to  “ annex  to 
faid  poft  a tradl  of  land  of  five  miles  fquare  ; and  in  re- 
turn for  this,  and  other  tokens  of  friendfhip  on  the  part 
of  the  Indians,  the  United  States  ftipulated  to  give 
them  goods  to  the  value  of  6000  dollars,  and  to  fur- 
nifh  them  with  two  blackfmiths  with  tools. — ib, 

COLRAINE,  a townfhip  in  Hampfhire  co.  Maffa- 
chufetts,  which  contains  229  houfes,  and  1417  inha- 
bitants.— ib. 

COLIMA,  a large  and  rich  town  of  Mechoacan  and 
New-Spain,  on  the  S.  Sea,  near  the  borders  of  Xalifca, 
and  in  the  mod  pleafant  and  fruitful  valley  in  all  Mex- 
ico, producing  cocoa,  caflia,  and  other  things  of  value, 
befides  fome  gold.  Dampier  takes  notice  of  a volcano 
near  it,  with  twm  fharp  peaks,  from  W'hich  fmoke  and 
flame  iffue  continually.  The  famous  plant  oleacazan 
grows  in  the  neighbourhood,  w'hich  is  reckoned  a 
catholicon  for  redoring  decayed  drength,  and  a fpeci- 
fic  againd  all  forts  of  poifon.  The  natives  apply  the 
leaves  to  the  parts  affe<ded,  and  judge  of  the  fuccefs  of 
the  operation  by  their  die  king  or  falling  off. — -ib. 

COLOURS.  S ee  Pigments  in  this  Supplement. 

Accidental  Colours,  a name  given  to  a very  curious 
optical  phenomenon,  which  was  fird,  we  believe,  at- 
tended to  by  Buffbn.  That  philofopher  wrote  a fliort 
paper  on  it,  w’hich  was  publilhed  in  the  Memoirs  of 
the  Academy  of  Sciences  for  the  year  1743. 

If  a perfonlook  dedfadly  and  for  a coniiderable  time 
at  afmall  red  fquare  painted  upon  <whlte  paper,  he  will 
at  lad  obferve  a kind  of  green-coloured  border  furround 
the  red  fquare.  If  lie  now  turn  his  eyes  to  fome  other 
part  of  the  paper,  he  will  fee  an  imaginary  fquare  of  a 
delicate  green  bordering  on  blue,  and  correfponding  ex- 
adfly  in  point  of  fize  with  the  red  fquare.  This  imagi- 
nary fquare  continues  vifible  for  fome  time,  and  indeed 
does  not  difappear  till  the  eye  has  viewed  fuccefllvely  a 
number  of  new  objedts.  It  is  to  this  imaginary  fquare 
that  the  improper  name  of  accidental  cdour  has  been 
given.  If  the  fmall  fquare  be  yelloiu,  the  imaginary 
fquare  or  accidental  colour  is  blue  ; the  accidental  co- 
lour of  green  is  red  ; of  blue,  yellow  ; of  white,  black ; 
and  on  the  contrary,  that  of  black  is  white, 


The  fird  perfon,  as  far  as  we  know,  who  gave  a fa-  Colo 
tisfadtory  explanation  of  thefe  phenomena  was  Profeffor 
Scherffer  of  Vienna,  whofe  differtation,  tranflated  by 
Mr  Bernouilli,  has  been  pubilhedin  the  26:h  volume  of 
the  Journal  de  Phyfique. 

In  order  to  underhand  thefe  phenomena,  let  us  re- 
coiled, in  the  fird  place,  that  light  confids  of  feven 
rays,  namely,  red,  orange,  yellow,  green,  blue,  indigo, 
violet ; that  whitenefs  confids  in  a mixture  of  all  thefe 
rays  ; and  that  thofe  bodies  which  refledt  but  very  little 
light  are  black.  Thofe  bodies  that  are  of  any  particu- 
lar colour,  refledl  a much  greater  quantity  of  the  rays 
which  conditute  that  particular  colour  than  of  any  other 
rays.  Thus  red  bodies  refledl:  mod  red  rays;  green 
bodies,  mod  green  rays,  and  fo  on. 

Let  us  recolledl,  in  the  fecond  place,  that  when  two 
impreffions  are  made  at  the  fame  time  upon  any  of  our 
organs  of  fenfation,  one  of  which  is  drong  and  the 
other  weak,  we  only  perceive  the  former.  Thus  if  we 
examine  by  the  prifm  the  rays  refleded  by  a red  rofe, 
we  fliall  find  that  they  are  of  four  kinds,  namely,  red, 
yellow,  green,  and  blue.  In  this  cafe,  the  impreffion 
made  by  the  red  rays  makes  that  made  by  the  others 
quite  infenfible.  For  the  fame  reafon,  when  a perfon 
goes  from  broad  day  light  into  an  ill-lighted  room,  it 
appears  to  him  at  fird  perfedly  dark,  the  preceding 
drong  impreffion  rendering  him  for  fome  time  incapa- 
ble of  feeling  the  weaker  impreffion. 

With  the  affidance  of  thefe  two  remarks,  it  will  not 
be  difficult  to  explain  the  phenomena  of  accidental  co- 
lours. When  a perfon  confiders  attentively  for  fome 
time  a white  fquare  lying  on  any  black  fubdance  (paper 
for  indance),  it  is  evident  that  the  part  of  the  retina 
on  which  the  white  fquare  is  painted,  receives  a dronger 
impreffion  than  any  other  part ; at  lead  the  greated 
number  of  rays  drike  upon  it.  A weaker  impreffion, 
therefore,  will  aft  on  it  with  much  lefs  force  than  upon 
the  red  of  the  retina.  Confequently,  when  the  eye  is 
turned  from  the  white  fquare  to  fome  other  part  of  the 
black  paper,  a fquare  is  perceived  of  the  fame  fize  with 
the  white  fquare,  and  much  blacker  than  any  other  part 
of  the  paper  ; this  is  evidently  in  confequence  of  the 
weaker  impreffion  made  by  the  rays  reflefted  by  the 
black  paper  upon  that  part  of  the  eye  previoufly  fa- 
tigued by  the  copious  refieftion  from  the  white  fquare. 

For  the  very  fame  reafon,  if,  after  looking  for  a fuffi- 
cient  time  at  a white  fquare  lying  on  a black  ground, 
we  turn  our  eyes  upon  a (heet  of  white  paper,  we  per- 
ceive a very  well  defined  black  fquare.  In  this  cafe, 
the  part  of  the  retina  already  fatigued  is  not  fo  fenfible 
to  the  rays  reflefted  by  the  wffiite  paper  as  the  other 
parts  of  it  which  have  not  been  fatigued.  The  reafon 
then  that  black  is  the  accidental  colour  of  white  is  fuf- 
fieiently  evident. 

On  the  contrary,  wffien  we  look  a fufficient  time  at  a 
black  fquare  lying  upon  a white  ground,  if  w'e  turn  our 
eyes  to  any  other  part  of  the  white  paper,  or  even  upon 
black  paper,  we  fliall  perceive  a fmall  fquare  anfwering 
to  the  black  fquare,  and  much  brighter  than  any  other 
part  of  the  paper : evidently  becaufe  that  part  of  the 
retina  on  w'hich  the  black  fquare  was  painted  being  lefs 
fatigued,  is  more  fufceptible  of  impreffions  than  any 
other  part  of  the  eye.  Thus  we  fee  why  the  accidental 
colour  of  black  is  white,  and  why  that  of  white  on  the 
contrary  is  black,  Thefe  fafts,  indeed,  have  been  long 

known, 
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wlour*.  known,  and  they  have  been  generally  explained  in  this 
manner. 

When  a perfon  has  looked  for  a fufficient  time  at 
a red  fquare  placed  on  a ftieet  of  white  paper,  and  then 
turns  his  eyes  to  another  part  of  the  paper,  that  part 
of  the  retina  on  which  the  red  was  painted  being  fa- 
tigued, the  red  rays  refledted  from  the  white  paper  ceafe 
to  make  any  fenfible  impreffion  on  it,  and  confequently 
there  will  be  feen  upon  the  white  paper  a fquare  fimilar 
to  the  red  fquare,  and  the  colour  of  which  is  that 
which  would  refult  from  the  mixture  of  all  the  rays  of 
tight  except  the  red.  In  general,  therefore,  the 
dental  colour  is  the  colour  which  refults  from  the  mix- 
ture of  all  the  rays  of  light,  thofe  rays  excepted  which 
are  the  fame  with  the  primitive  colour. 

Now  in  order  to  difcover  thefe  accidental  colours,  let 
us  recolleft  the  manner  which  New'ton  employed  to 
determine  the  colour  which  refults  from  the  mixture  of 
feveral  others,  the  fpecies  and  quantity  of  which  are 
known.  He  did  it  by  dividing  the  circumference  of  a 
circle,  fo  that  the  arches  are  to  one  another  in  the 
proportion  of  a firing  fhortened  by  degrees,  in  order  to 
found,  one  after  another,  the  notes  of  an  oflave  ; which 
is  nearly  the  proportion  that  the  different  rays  occupy 
when  light  is  decompofed  by  means  of  the  prifm.  Or 
fuppofe  the  circumference  of  the  circle,  as  ufual,  divi- 
ded into  360  degrees,  the  different  rays,  according  to 
Benvenut,  fhould  occupy  the  following  arches  : 


Red, 

- 

- 

A r-O 

45  • 

Orange, 

- 

- 

27. 

Yellow, 

- 

- 

48. 

Green, 

- 

. 

60. 

Blue, 

m 

- 

60. 

Indigo, 

- 

- 

40. 

Violet, 

- 

- 

80. 

Let  us  now  compare 

the  afflon  of  colours  on 

another  v>/ith  that  of  difl'erent  weights  j and  for  that  pur- 
pofe  let  us  fuppofe  each  colour  concentrated  in  the  cen- 
tre of  gravity  of  its  arch.  In  order  to  find  the  colour 
refulting  from  any  mixture,  we  have  only  to  find  the 
common  centre  of  gravity  of  the  arches  which  reprefent 
the  different  colours  ; The  colour  refulting  from  the 
mixture  will  be  that  of  the  arch  to  which  the  common 
centre  of  gravity  approaches  neareft.  And  if  that  com- 
mon centre  of  gravity  is  not  In  the  ftraight  line  which 
joins  the  centre  of  the  circle,  and  the  centre  of  gravity 
of  the  arch  to  which  it  is  mofl  contiguous,  the  refult- 
ing colour  w’ill  approach  more  or  lefs  to  the  colour  of 
the  contiguous  arch,  towards  which  the  line,  pafling 
through  the  centre  of  the  circle,  and  the  common  cen- 
tre of  gravity  of  the  arches,  falls.  And  farther,  the  re- 
fulting colour  will  be  more  or  lefs  deep  according  to 
the  diftance  of  the  common  centre  of  gravity  from  the 
centre  of  the  circle. 

In  the  cafe  under  confideration  at  prefent,  namely,  to 
determine  the  different  accidental  colours,  the  applica- 
tion of  this  method  is  remarkably  eafy  ; becaufe  only 
one  of  the  feven  primitive  colours  is  excluded,  and  confe- 
quently the  fix  colours  from  the  mixture  of  which  we  wifh 
to  know  the  refulting  colour  arc  all  contiguous.  For  it 
is  evident,  that  the  fum  of  the  fix  arches,  reprefenting 
thefe  fix  colours,  will  be  divided  into  tw'o  equal  parts  by 
the  line  which  paffes  through  the  centre  of  the  circle  and 
their  common  centre  of  gravity  ; and  that  if  the  fame 
line  be  produced  till  it  reaches  the  circumference  of  the 


circle  on  the  other  fide,  it  will  alfo  divide  the  arch  repre-  Colour*, 
fenting  the  feventh  or  omitted  colour  into  two  equal 
parts.  Let  us  fuppofe,  for  inftance,  that  the  violet  is  0- 
mltted,  and  that  we  wanted  to  know  the  colour  refulting 
from  the  mixture  of  the  other  fix  colours,  we  have  only 
to  bifedt  the  arch  reprefenting  the  violet,  and  from  the 
point  of  feftlon  to  draw  a diameter  to  the  circle,  the 
arch  of  the  circle  oppofite  to  the  violet  through  which 
the  diameter  paffes  will  indicate  the  colour  of  the  mix- 
ture. The  arch  reprefenting  the  violet  being  8o“,  letus 
take  the  half  of  it  which  is  40®,  and  let  us  add  to  it  45° 
for  the  red,  27°  for  the  orange,  and  48°  for  the  yellow, 
we  fhallhave  160°,  which  wants  20^  of  half  the  cir- 
cumference of  the  circle.  If  now  we  add  the  60^  for 
the  green,  the  fum  total  wall  be  220®,  confiderably 
more  than  half  the  circumference.  Confequently  the 
common  centre  of  gravity  is  neareff  the  green  arch  ; but 
it  falls  10®  nearer  the  yellow  than  the  ftraight  line  which 
joins  the  centre  of  the  circle  and  the  centre  of  gravity  of 
the  green  arch.  Hence  w'e  fee  that  the  refulting  colour 
will  be  green,  but  that  it  will  have  a fiiade  of  yellow. 

It  is  evident,  then,  that  the  accidental  colour  of  vio- 
let mu  ft  be  green  with  a fhade  of  yellow  ; and  this  is 
adfnally  the  cafe,  as  any  one  may  convince  himfelf  by 
making  the  experiment. 

Suppofe,  now,  we  wanted  to  know  the  accidental  co- 
lour  of  green,  or  which  is  the  fame  thing,  the  colour  re- 
fulting from  the  mixture  of  all  the  primitive  rays  ex- 
cept the  green.  The  green  arch  is  60“^,  the  half  of 
which  is  30°  ; if  to  this  we  add  60°  for  the  blue  arch, 
and  40®  for  the  indigo  arch,  w'e  lhall  have  130®,  or 
50°  degrees  lefs  than  a femicircle.  If  to  this  we  add 
the  violet  arch,  w'hich  is  80°,  we  ftiall  have  30°  more 
than  the  femicircle  ; confequently  the  common  centre 
of  gravity  falls  neareft  the  violet,  and  it  is  10°  nearer 
the  red  arch  than  is  the  centre  of  gravity  of  the  violet 
arch.  Hence  we  know  that  the  accidental  colour  of 
green  will  be  violet  or  purple,  with  a fhade  of  red  : And 
experiment  confirms  this. 

Buffon  obferved,  that  the  accidental  colour  of  blue 
was  reddilh  and  pale.  Let  us  fee  whether  we  fhall  ob- 
tain the  fame  refult  from  our  method.  Let  us  fuppofe 
that  Buffon  employed  a light  blue.  In  that  cafe,  if  to 
30,  the  half  of  the  blue  arch,  we  add  60  for  the  green, 

48  for  the  yellow,  and  27  for  the  orange,  we  fhall  have 
165®,  or  15°  lefs  than  half  the  circumference  of  the 
circle  : Confequently  the  common  centre  will  fall  neareft 
the  red  arch,  but  within  1 5®  of  the  orange.  The  acci- 
dental colour  muft  therefore  be  red,  with  a fhade  ofo- 
range ; or,  which  is  the  fame  thing,  it  muft  be  a pale  red. 

In  the  fame  manner  we  may  difcover,  that  the  acci- 
tal  colour  of  indigo  is  yellow,  inclining  a good  deal  to 
orange,  and  that  the  accidental  colour  of  indigo  and 
blue  together  is  orange,  with  a ftrong  fhade  of  red. 

Both  of  which  correfpond  accurately  with  experiment. 

It  would  be  eafy  to  indicate  in  the  fame  manner, 
the  accidental  colour  of  any  primitive  colour.  If  what 
has  been  faid  were  not  fufficient  to  explain  the  caufe  of 
accidental  colours,  and  to  fhow  that  their  phenomena 
correfpond  exadly,  both  with  the  Newtonian  theory  of 
optics,  and  with  what  we  know  to  be  laws  of  our  fen- 
fations  in  other  particulars. 

From  the  theory  above  given,  wdilch  is  that  of  Pro- 
feffor  Scherffer,  the  following  confequences  may  be  de- 
duced : 


J 


I.  The 
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Colours.  I.  The  accidental  colour  of  a red  fquare  lying  upon 
a white  or  black  ground,  ought  to  be  blacklih,  if  we 
cad  our  eyes  upon  a red  coloured  furface.  2.  If  the 
furface  upon  which  we  look  at  a red  fquare  be  itfelf 
coloured,  if  it  be  yellow,  for  inflance,  the  white  paper 
upon  which  we  afterwards  call  our  eyes,  will  appear 
blue,  with  a green  fquare  in  it  correfponding  to  the  ori- 
ginal red  fquare.  And,  in  general,  we  ought  to  per- 
ceive the  accidental  colour  of  the  ground  on  which  the 
fquare  is  placed  as  well  as  the  fquare  itfelf,  3.  If  while 
we  are  looking  at  the  little  fquare  we  change  the  fitua- 
tion  of  the  eye,  fo  that  its  image  (hall  occupy  a diffe- 
rent place  on  the  retina,  when  we  turn  our  eyes  to  the 
white  paper,  w-e  (hall  fee  two  fquares,  or  at  lead  one  un- 
like the  figure  of  the  original  one.  4.  If  the  white  pa- 
per on  which  we  look  be  farther  diftant  than  the  little 
fquare  was,  the  imaginary  fquare  will  appear  confide- 
rably  larger  than  the  true  one.  5.  If  while  we  are 
looking  at  the  little  fquare  we  gradually  make  the  eye 
approach  to  it  without  altering  its  fituation,  the  ima- 
ginary fquare  will  appear  with  a pale  border.  Thefe 
and  many  other  confequences  that  might  eafily  be  de- 
duced, w'ill  be  found  to  take  place  conftantly  and  accu- 
rately, if  any  one  choofes  to  put  them  to  the  ted  of  ex- 
periment ; and  therefore  may  be  confidered  as  a com- 
plete confirmation  of  the  theory  given  above  of  the 
caufe  of  accidental  colours. 

There  is  another  circumdance  refpefling  accidental 
colours  which  deferves  attention.  If  we  continue  look- 
ing dedfadly  at  the  little  fquare  longer  than  is  neceffa- 
ry,  in  order  to  perceive  its  accidental  colour,  we  fliall 
at  lad  fee  its  border  tinged  with  the  accidental  colour 
of  the  ground  on  which  the  fquare  is  lying.  For  in- 
dance, if  a white  fquare  be  placed  upon  blue  paper,  its 
border  becomes  yellow  ; if  upon  red  paper  it  becomes 
green;  and  it  becomes  reddilh  upon  green.  In  like 
manner  the  border  of  a yellow  fquare  becomes  greenidi 
upon  a red  ground,  and  that  of  a red  fquare  on  a green 
ground  becomes  purple. 

The  caufe  of  this  phenomenon  feems  to  depend  upon 
the  contraction  and  extenfion  of  the  image  of  the  fquare 
painted  on  the  retina.  We  know  for  certain,  that  the 
diameter  of  the  pupil  changes  during  our  infpedting  the 
fquare  ; at  fird  it  becomes  lefs,and  afterwards  increafes. 
And  though  we  cannot  fee  what  paffes  in  the  bottom 
of  the  eye,  we  can  fcarcely  doubt  that  fimilar  move- 
ments are  going  on  there,  if  we  attend  to  the  changes 
they  are  continually  taking  place  in  the  border  of  our 
little  fquare  ; fometimes  it  is  large,  fometimes  frnall  ; at 
one  time  it  difappears  altogether,  and  the  next  moment 
makes  its  appearance  again. 

There  is  another  phenomenon  connected  with  acci- 
dental colours,  which  is  not  fo  eafy  to  explain,  name- 
ly, that  if  w'^e  look  at  thefe  little  fquares  for  a very  long 
time,  till  the  eye  is  very  much  fatigued,  their  acciden- 
tal colours  will  appear  even  after  w'e  fhut  our  eyes.  The 
very  fame  thing  takes  place  if  we  attempt  to  look  at  a 
very  luminous  objeft,  as  the  fun,  for  indance.  Pro- 
feffor  Scherffer  thinks  that  this  may  be  partly  owing  to 
the  light  which  dill  paffes  through  the  eye-lids.  That 
fome  light  paffes  through  the  eye  lids,  is  evident,  be- 
caufe  w'hen  we  look  towards  a ftrong  light  with  our 
eye-lids  diut,  we  fee  didindly  their  colour,  derived  from 
the  blood-veffels  with  which  they  are  filled  ; and  if  we 
pafs  our  finger  before  our  eyes,  we  fee  the  fliadow  of 


the  finger  though  our  eye-lids  be  ftmt,  provided  our  Colui 
eyes  be  turned  towards  the  window.  But  that  this  I 
light  is  not  fufficient  to  explain  the  phenomenon  in 
quedion  is  evident  from  this  circumdance,  that  the  fame 
accidental  colours  make  their  appearance,  though  we  go 
immediately  into  the  darked  place.  Perhaps  we  have 
accounted  for  the  phenomenon  elfewhere  (See  Meta- 
PHYSICS,  Encycl.  n®  54.).  We  pafs  over  the  other 
conjeftures  of  Profeffor  Scherffer,  which  are  exceedingly 
ingenious,  but  not  fufficiently  fupported  by  fails  to  be 
admitted. 

COLUMBA  Noachi,  NoaPs  dove,  a fmall  condel- 
lation  in  the  fouthern  hemifphere,  confiding  of  10  dars. 

COLUMBIA,  a towndiip  in  Walhington  co.  dif- 
triil  of  Maine,  on  Pleafant  river,  adjoining  Machias  on 
the  N.  E.  and  was  formerly  called  Plantations  No.  12 
and  13.  It  was  incorporated  in  1796.  The  town  of 
Machias  lies  15  miles  to  the  eadward.  It  is  9 miles 
from  Steuben. — Morse. 

Columbia  County,  in  New-York,  is  bounded  N.  by 
Renffelaer,  S.  by  Duchefs,  E.  by  the  date  of  Maffachu- 
fetts,  and  W.  by  Hudfon  river,  which  divides  it  from 
Albany  co.  It  is  32  miles  in  length  and  21  in  breadth, 
and  is  divided  into  eight  towns ; of  which  Hudfon, 
Claverack,  and  Kinderhook  are  the  chief.  It  con- 
tained, in  1790,  27,732  inhabitants,  and  in  1796,  3560 
eledlors. — ib. 

Columbia,  a pod  town,  the  capital  of  Kerdiaw  co. 
and  the  feat  of  government  of  South-Carolina.  It  is 
fituated  in  Camden  didridt,  on  the  E.  fide  of  the  Con- 
garee,  jud  below  the  confluence  of  Saluda  and  Broad 
rivers.  The  dreets  are  regular,  and  the  town  contains 
upwards  of  70  houfes.  The  public  offices  have,  in 
fome  meafure,  been  divided,  for  the  accommodation 
of  the  inhabitants  of  the  lower  counties,  and  a branch 
of  each  retained  in  Charledon.  It  lies  115  miles  N. 

N.  W.  of  Charledon,  35  S.  W.  of  Camden,  85  from 
-Auguda,  in  Georgia,  and  678  S.  W.  of  Philadelphia. 

N.  lat.  34.  1.  W.  long.  80.  57. — ih. 

Columbia,  a flourifhing  pod  town  in  Goochland 
CO.  Virginia,  on  the  N.  fide  of  James  river,  at  the  mouth 
of  the  Rivanna.  It  contains  about  40  houfes,  and  a 
warehoufe  for  the  infpedion  of  tobacco.  It  lies  45 
miles  above  Richmond,  35  from  Charlottefville,  and 
328  S.  W.  of  Philadelphia. — ih. 

Columbia,  a town  newly  laid  out,  in  Lancader  co. 
Pennfylvania,  on  the  N.  E.  bank  of  Sufquehanna  river, 
at  Wright’s  ferry;  10  miles  W.  of  Lancader,  and  76 
W.  by  N.  of  Philadelphia. — ib. 

Columbia  Co.  in  the  Upper  didridl  of  Georgia,  is 
bounded  by  Savannah  river  on  the  N.  E.  and  E.  which 
feparates  it  from  the  date  of  S.  Carolina,  N.  W.  of 
Richmond  co.  Its  lhape  is  very  irregular. — ib. 

Columbia,  a town  in  the  N.  W.  territory,  on  the 
N.  bank  of  Ohio  river,  and  on  the  W.  fide  of  the  mouth 
of  Little  Miami  river;  about  6 miles  S.  E.  by  E.  of 
Fort  Wafliington,  8 E.  by  S.  of  Cincinnati,  and  87 
N.  by  W.  of  Lexington,  in  Kentucky.  N.  lat.  39.  20. 

—ib. 

COMANA,  a town  and  province  in  the  northern 
divifion  of  Terra  Firma,  S.  America.  It  lies  on  the 
N.  eadernmod  part  of  the  fea  coad. — ib. 

COMAR,  or  Khomar,  a Zemindar’s  demefne  of 
land. 

COMARGO,  a town  of  New-Leon,  in  N.  Ameri- 
ca, 
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ca,  fituated  on  the  S.  fide  of  Rio  Bravo,  which  empties 
into  the  gulf  of  Mexico  on  the  W.  fide. — Mone. 

COMBAHEE,  a confiderable  river  of  South-Caro- 
lina,  which  enters  St  Helena  found  between  Coofa  and 
Afhepoo  rivers. — ib. 

• CoMBAHEE  Ferryt  on  the  above  river,  is  17  miles 
from  Jackfonfborough,  15  from  Pocotaligo  and  52 
from  Charlefton. — ib. 

COMBUSTION.  See  Chemistry  In  this  Sup- 
plement, n®  293. 

COMFORT,  POINT,  is  the  S.  eafternmoft  part  of 
Elizabeth  city  co.  in  Virginia,  formed  by  James  river 
at  its  mouth  in  Chefapeak  bay.  Point  Comfort  lies 
19  miles  W,  by  N.  of  Cape  Henry. — Morse. 

COMMANOES,  one  of  the  fmall  Virgin  ifles,  in 
the  Weft-Indies,  fituated  to  the  N.  N.  E.  of  Tortula. 
N.  lat,  18.  25.  W.  long.  63.— '/3. 

COMPASS,  or  Mariner’s  Steering  Compass, 
is  an  inftrument  of  fo  great  value,  that  every  improve- 
ment of  it,  propofed  by  men  of  fcience  or  of  experience, 
is  intitledto  notice.  We  Ihall  therefore  lay  before  our 
readers  fome  obfervations  on  the  defedls  of  the  compafs 
in  common  ufe  which  have  fallen  into  our  hands  fince 
the  article  in  the  Encyclopaedia  was  publiftied.  The 
firft  is  by  Captain  O’Brien  Drury  of  the  royal  Navy, 
and  relates  entirely  to  the  needle. 

“ Experience  (fays  this  officer)  fiiews  us,  that  the 
needle  of  a compafs,  as  well  as  all  other  magnets,  whe- 
ther artificial  or  real,  perpetually  lofes  fomething  of  its 
magnetic  powers,  which  often  produces  a difference  ex- 
ceeding a point ; and  I am  well  convinced  that  the 
great  errors  in  Ihip-reckonings  proceed  more  frequently 
from  the  incorrednefs  of  the  compafs  than  from  any 
other  caufe. 

“ Steele  cannot  be  too  highly  tempered  for  the  needle 
of  a fea  compafs,  as  the  more  it  is  hardened  the  more 
permanent  is  the  magnetifm  it  receives  ; but  to  pre- 
ierve  the  magnetifm,  and  confequently  the  polarity  of 
the  needle,  I recommend  to  have  the  needle  cafed  with 
thin,  well-polilhed,  foft  iron  ; or  elfe  to  have  it  armed 
at  the  poles  with  a bit  of  foft  iron.  I have  found,  from 
many  experiments,  that  the  cafed  needle  preferved  its 
magnetifm  in  a much  more  perfed  degree  than  the 
needle  not  cafed  ; and  I have  fometimes  thought  that 
the  magnetic  power  of  the  cafed  needle  had  increafed, 
while  the  magnetic  power  of  the  uncafed  and  unarmed 
needle  always  lofes  of  its  polarity.” 

This  is  not  an  opinion  taken  up  at  random,  but  is 
the  refult  of  what  appears  to  have  been  a fair  and  ju- 
dicious experiment ; for  our  author  placed  a cafed  nee- 
dle, an  armed  needle,  and  one  without  either  cafe  or  ar- 
mour, in  a room  for  three  months  ; each  having  at  that 
time  preciiely  the  fame  diredion,  and  nearly  the  fame 
degree  of  force.  At  the  expiration  of  the  three  months, 
he  found  that  the  cafed  needle  and  the  armed  needle 
had  not  in  the  leaft  changed  their  diredion  ; but  the 
other  had  changed  two  degrees,  and  had  loft  very  con- 
fiderable of  its  magnetic  power.  If  there  was  any 
change  in  either  of  the  other  needles,  it  was  too  incon- 
fiderable  to  be  perceived. 

1 hele  oblervaticns  feem  to  be  new,  and  may  tend  to 
the  improvement  of  the  compafs.  But  it  is  not  with 
refped  to  the  needle  only  that  this  inftrument  is  defec- 
tive. Mr  Bernard  Remans  of  Penfacola  well  obferves, 
that,  on  another  account,  the  hcavicft  brafs  compaffes 
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now  in  ufe  are  by  no  means  to  be  relied  on  in  a hoi-  Compafs. 
low  or  high  fea.  This  is  owing  to  the  box  hanging 
in  two  brafs  rings,  confining  it  to  only  two  motions, 
both  vertical  and  at  right  angles  with  each  other ; bv 
which  confinement  of  the  box,  upon  any  fucceffion, 
more  efpecially  fudden  ones,  the  card  is  always  put  in- 
to too  much  agitation,  and  before  it  can  well  recover 
itfelf,  another  jerk  prevents  its  pointing  to  the  pole  ; 
nor  is  it  an  extraordinary  thing  to  fee  the  card  unlhip- 
ped  by  the  violence  of  the  (hip’s  pitching. 

All  thefe  inconveniences  are  remedied  to  the  full  by 
giving  the  box  a vertical  motion  at  every  degree  and 
minute  of  the  circle,  and  compounding  thefe  motions 
with  a horizontal  one  of  the  box  as  well  as  of  the  card. 

By  this  unconfined  difpofition  of  the  box,  the  effects 
of  the  jerks  on  the  card  are  avoided,  and  it  will  always 
very  fteadily  point  to  the  pole.  “ Experience  (fays 
our  author)  has  taught  me,  that  the  card  not  only  is 
not  in  the  fmalleft  degree  affeded  by  the  hollow  fea,. 
but  that,  in  all  the  violent  (hocks  and  whirlings  the 
box  can  receive,  the  card  lies  as  ftill  as  if  in  a room  un- 
affedled  by  the  leaft  motion. 

“ Lately  a compafs  was  invented  and  made  in  Hoi- 
land,  which  has  all  thefe  motions.  It  is  of  the  fize  of 
the  common  brafs  compaffes  ; the  bottom  of  the  brafs 
box,  inftead  of  being  like  a bowl,  muft  be  raifed  into  a 
hollow  cone  like  the  bottom  of  a common  glafs  bottle  ; 
the  vertex  of  the  cone  muft  be  raifed  fo  high  as  to  leave 
but  one  inch  between  the  card  and  the  glafs ; the  box 
muft  be  of  the  ordinary  depth,  and  a quantity  of  lead 
muft  be  poured  in  the  bottom  of  the  box,  round  the 
bafe  of  the  cone ; this  fecures  It  on  the  ftile  whereon 
it  traverfes. 

“ This  ftlle  is  firmly  fixed  in  the  centre  of  a fquare 
wooden  box,  like  the  common  compafs,  except  that  It 
requires  a thicker  bottom.  The  ftile  muft  be  of  brafs, 
about  fix  inches  long,  round,  and  of  the  thicknefs  of 
one-third  of  an  inch  ; its  head  blunt,  like  the  head  of 
a fewing-thimble,  but  of  a good  polilh  : the  ftile  muft 
(land  perpendicular.  The  inner  vertex  of  the  cone  muft 
alfo  be  well  polifhed ; the  vertical  part  of  the  cone 
ought  to  be  thick  enough  to  allow  of  a well-poli(hed 
cavity,  fufficient  to  admit  a fhort  ftile,  proceeding  from 
the  centre  of  the  card  whereon  it  traverfes.  The  com- 
pafs I faw  was  fo  conftrucled  ; but  I fee  no  reafon  why 
the  ftile  might  not  proceed  from  the  centre  of  the  ver- 
tex of  the  cone,  and  fo  be  received  by  the  card  the 
common  way.  The  needle  muft  be  a magnetic  bar, 
blunt  at  each  end ; the  glafs  and  cover  are  put  on  in 
the  common  way.” 

A compafs  of  this  kind  was  fubmitted  to  our  au- 
thor’s examination  by  the  captain  of  a (loop  of  war, 
who  affured  him,  that  in  a hard  gale,  which  lafted  fome 
days,  there  was  no  other  compafs  of  the  fmalleft  fervice. 

Mr  Romans  was  fatisfied  that  the  officer  did  not  praife 
the  apparatus  more  than  it  deferved : and  w’e  feel  our- 
felves  ftrongly  inclined  to  be  of  the  fame  opinion. 

It  muft  not  be  concealed,  however,  that  the  ingeni- 
ous  Mr  Nicholfon  feems  to  think  very  differently  of  all 
fuch  contrivances.  In  a paper  publiftied  in  the  ninth 
number  of  his  valuable  Journal,  he  labours  to  prove, 
that  the  compafs  is  very  little  difturbed  by  tilting  the 
box  on  one  fide,  but  very  much  by  fudden  horizontal 
changes  of  place;  that  a fcientific  provifion  againft  the 
latter  is  therefore  the  chief  requifue  in  a well  made  in- 
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ftruTYient  of  this  kind;  and  that  no  other  provifion  is  So,  the  arithmetical  comp,  of  the  log.  9'53297i4, 

requifite,  or  can  eafily  be  obtained,  than  good  work-  by  fubtrading  from  9’s,  &c.  is  0‘4670286. 

manfhip  according  to  the  common  conftruflion,  and  a The  arithmetical  complements  are  much  ufed  in  ope- 
proper  adjuflment  of  the  w^eight  with  regard  to  the  rations  by  logarithms,  to  change  fubtradions  into  ad- 
centres  or  axes  of  fufpenfion.  The  fame  author  is  of  ditions,  which  are  more  conveniently  performed,  efpe- 

opinion,  that  it  would  greatly  improve  the  compafs  to  cially  when  there  are  more  than  one  of  them  in  the  ope 

make  the  needle  flat  and  thin,  and  to  fufpend  it,  not,  - 


ration. 

Complement,  in  aftronomy.  Is  ufed  for  the  diftance 
of  a flar  from  the  zenith  ; or  the  arc  contained  between 
the  zenith  and  the  place  of  a flar  which  is  above  the 
horizon.  It  is  the  fame  as  the  complement  of  the  alti- 
tude, or  co-altitude,  or  the  zenith  diflance. 

Complement  of  the  Courfe,  in  navigation,  is  the 
quantity  which  the  courfe  wants  of  90®,  or  8 points, 
•viz.  a quarter  of  the  compafs. 

Complement  of  the  Curtain,  in  fortification,  is  that 
part  of  the  anterior  fide  of  the  curtain  which  makes  the 


as  is  moft  comsmonly  done,  with  its  flat  fide,  but  wdth 
its  edge  uppermoft  ; for  it  being  a well-known  fad, 
that  foft  fleel  lofes  its  magnetifm  fooner  than  hard,  it 
is  obvious,  that  unlefs  both  fides  of  a needle  be  equally 
hard  ( which  is  almoft  impoffible  if  they  be  diflant  from 
each  other),  the  magnetic  powder  will,  in  procefs  of 
time,  deviate  towards  the  harder  fide. 

The  Chinefe  Compah  has  fome  advantages  over  the 
European  compafs,  from  which  it  differs  with  refped 
to  the  length  of  the  needle,  and  the  manner  in  which 
it  is  fufpended.  In  the  compafs  of  China,  the  magne-  demigorge. 

tic  needle  is  feldom  above  an  inch  in  length,  and  is  lefs  Complement  of  the  Line  of  Defence,  is  the  remainder 
than  a line  in  thicknefs.  It  is  poifed  with  great  nice-  of  that  line,  after  the  angle  of  the  flank  is  taken  away, 
ty,  and  is  remarkably  fenfible,  or,  in  other  words,  points  Complements  of  a Parallelogram,  or  in  a Parallelo- 
Iteadily  towards  the  fame  portion  of  the  heavens.  This  gram,  are  the  two  leffer  parallelograms,  made  by  draw- 
fteadiaefs  is  accomplifhed  by  the  following  contrivance  : ing  two  right  lines  parallel  to  each  fide  of  the  given  pa- 
“ A piece  of  thin  copper  is  ftrapped  round  the  centre  rallelogram,  through  the  fame  point  in  the  diagonal, 
of  the  needle.  This  copper  is  rivetted  by  its  edges  to  Complement  of  Life,  a term  much  ufed,  in  the  doc- 
the  upper  part  of  a fmall  hemifpherical  cup,  of  the  fame  trine  of  life  annuities,  by  De  Moivre ; and,  according  to 
metal,  turned  dowmwards.  The  cup  fo  inverted  ferves  him,  it  denotes  the  number  of  years  which  a given  life 
as  a focket  to  receive  a fleel  pivot  rifing  from  a cavity  wants  of  86,  this  being  the  age  which  he  confidered  as 
made  into  a round  piece  of  light  wood  or  cork,  which  the  utmoft  probable  extent  of  life.  So  56  is  the  com- 


thus  forms  the  compafs-box.  The  furfaces  of  the  foc- 
ket and  pivot,  Intended  to  meet  each  other,  are  per- 
fefUy  poliflied,  to  avoid,  as  much  as  poflible,  all  fridtion. 

The  cup  has  a proportionably  broad  margin,  w'hich, 
befide  adding  to  its  weight,  tends,  from  its  horizontal 
pofition,  to  keep  the  centre  of  gravity,  in  all  fituations 
of  the  compafs,  nearly  in  coincidence  w'ith  the  centre  of 
fufpenfioni  The  cavity,  in  wEich  the  needle  is  thus 
fufpended,  is  in  form  circular,  and  is  little  more  than 
fufficient  to  remove  the  needle,  cup,  and  pivot.  Over 
this  cavity  is  placed  a thin  piece  of  tranfparent  talc, 
which  prevents  the  needle  from  being  affcfled  by  any  dition  of  logarithms  is  the  fame  thing  as  the  multipli- 
motion  of  the  external  air  ; but  permits  the  apparent  cation  of  their  correfponding  numbers.  Or,  if  the 
motion  of  the  former  to  be  eafily  obferved.  The  fmall  terms  of  the  ratio  be  placed  fradlion-wife,  then  the  ad- 
and  fliort  needle  of  the  Chinefe  has  a material  advantage  dition  or  compofition  of  the  ratios  is  performed  by  mul- 
over  thofe  of  the  ufual  fize  in  Europe,  with  regard  to  tiplying  the  fradlions  together. 


plement  of  30,  and  30  is  the  complement  of  56. 

COMPOSITION  OP  PROPORTION,  according  to  the 
15th  definition  of  the  5th  book  of  Euclid’s  Elements, 
is  when,  of  four  proportionals,  the  fum  of  the  i ft  and 
2d  is  to  the  2d,  as  the  fum  of  the  3d  and  4th  is  to  the 
4th. 

Composition  of  Ratios,  Is  the  adding  of  ratios  to- 
gether ; which  is  performed  by  multiplying  together 
their  correfponding  terms,  viz.  the  antecedents  toge,* 
ther,  and  the  confequents  together,  for  the  antecedent 
and  confequent  of  the  compound  ratio;  like  as  the  ad- 


COMPOSTELLA,  a very  rich  low'n  in  New-Spain, 
and  province  of  Xalifco,  built  in  1531,  fituated  near 
the  S.  Sea,  400  miles  N.  W.  of  Mexico.  The  foil  is 
barren  and  the  air  unheahhful ; but  it  has  feveral  mines 

N.  lat. 


the  inclination  or  dip  tow'ards  the  horizon ; which.  In 
the  latter,  requires  that  one  extremity  of  the  needle 
Ihould  be  made  fo  much  heavier  than  the  other  as  will 
counterad  the  magnetic  attradion.  This  being  diffe- 
rent in  different  parts  of  the  world,  the  needle  can  only  of  filver  at  St  Pecaque,  in  its  neighborhopd. 
be  accurately  true  at  the  place  for  which  it  had  been  21.  20.  W.  long.  109.  42. — Morse. 
conftruded.  But  in  fhort  and  light  needles,  fufpended  COMPOUND  Interest.  See  Algebra, 
after  the  Chinefe  manner,  the  weight  below  the  point  and  Compound  Interest  in  this  Supplement. 
of  fufpenfion  is  more  than  fufficient  to  overcome  the  CANAJOHARY,  a poll  town,  on  the  S.  fide  of 
magnetic  power  of  the  dip  or  inclination  in  all  fitua-  Mohawk  river,  New-York,  very  large,  36  miles  above 
tions  of  the  globe;  and  therefore  fuch  needles  will  ne-  Schenedady,  and  318  from  Philadelphia. — Morse. 


ver  deviate  from  their  horizontal  pofition. 

COMPLEMENT,  in  general,  is  what  is  wanting,  or 
neceffary,  to  complete  fome  certain  quantity  or  thing. 

Arithmetical  Complement,  is  what  a number  or  lo- 
garithm wants  of  unity  or  i wnth  fome  number  of  cy- 
phers. It  is  beft  found  by  beginning  at  the  left-hand 


CONAWANGO,  a northern  branch  of  Alleghany 
river,  in  Pennfylvania,  which  rifes  from  Chataughque 
lake. — ib. 

CONCEPTION,  a city  of  Chili  in  South  America, 
w'as  vifited  in  1786  by  the  celebrated,  though  unfortu- 
nate, navigator  La  Peroufe,  who  gives  an  account  of 


fide,  and  fubtrading  every  figure  from  9,  except  the  laft,  fome  particulars  relating  to  it  very  different  from  what 
or  right  hand  figure,  which  muft  be  fubtraded  from  10.  we  have  given  of  it  under  the  article  Conception,  En- 

cycl. 
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incep-  cycl  So  far  are  the  Spaniards  from  living  in  fecurlty 
iW.  with  refpedt  to  the  Indians,  that,  according  to  him, 
they  are  under  continual  alarms  of  being  attacked  by 
thofe  bold  and  enterprifmg  favages.  “ The  Indians  of 
Chili  (fays  he)  are  no  longer  thofe  Americans  who 
were  infpired  with  terror  by  European  arms.  The  in- 
creafe  ofhorfes,  which  are  difperfed  through  the  inte- 
rior of  the  immenfe  deferts  of  Ameriea,  and  that  of 
oxen  and  ftieep,  which  has  alfo  been  very  great,  have 
converted  thefe  people  into  a nation  of  Arabs,  in  every 
thing  refembling  thofe  who  inhabit  the  deferts  of  Ara- 
bia, Conftantly  on  horfeback,  they  confider  an  excur- 
fion  of  two  hundred  leagues  as  a very  fhort  journey. 
They  march  accompanied  by  their  flocks  ; feed  upon 
their  flefli  and  milk,  and  fometimes  upon  their  blood  ; 
and  cover  themfelves  with  their  flcins,  of  which  they 
make  helmets,  cuirafTes,  and  bucklers.  All  their  old 
cuftoms  are  laid  afide.  They  no  longer  feed  upon  the 
fame  fruits,  nor  wear  the  fame  drefs  ; but  have  a more 
ftriking  refemblance  to  the  Tartars,  or  to  the  inhabi- 
tants of  the  banks  of  the  Red  Sea,  than  to  their  ancef- 
tors,  who  lived  two  centuries  ago.  So  decifive  an  in- 
fluence has  the  introduction  of  two  domeftic  animals  had 
upon  the  manners  of  that  once  timid  people.  It  is 
eafy  to  conceive  what  formidable  enemies  they  muft 
now  be  to  the  Spaniards ; for  fuppoflng  them  defeated 
in  battle.  How  is  it  pofllble  to  follow  them  in  fuch  long 
excurfions  ? How  is  it  pofllble  to  prevent  aflemblages, 
which  bring  together  in  a Angle  point  nations  fcattered 
over  400  leagues  of  country,  and  thus  form  armies  of 
30,000  men  ?” 

Of  thefe  people  M.  Rollin,  furgeon  major  of  the  fri- 
gate la  Bujfokt  gives  the  following  phyfiological  parti- 
culars : “ They  are,  in  general  (fays  he),  of  lower  fta- 
ture,  and  lefs  robuft,  than  Frenchmen,  though  they  en- 
dure with  great  courage  the  fatigues  of  war  and  all  its 
attendant  privations.  There  is  a great  famenefs  in  the 
phyfiognomy  of  moft  individuals.  The  face  is  larger 
and  rounder  than  that  of  Europeans.  The  features  are 
more  ftrongly  marked.  The  eyes  are  fmall,  dull,  black, 
and  deeply  feated.  The  forehead  is  low  ; the  eyebrows 
black  and  fliaggy ; the  nofe  fhort  and  flattened  ; the 
cheek-bones  high  ; the  lips  thick ; the  mouth  wide ; 
and  the  chin  diminutive.  The  women  are  fhort,  ill- 
made,  and  with  difgufting  countenances.  Both  men 
and  women  bore  their  nofe  and  ears,  which  they  adorn 
with  glafs  or  mother-of-pearl  trinkets.  The  colour  of 
their  fldn  is  a reddifh  brown : That  of  their  nails  is 
Amilar,  but  not  fo  deep.  The  hair  of  both  is  black, 
coarfe,  and  very  thick.  The  men  have  little  beard ; 
but  their  arm-pits  and  parts  of  fex  are  well  furniflied 
with  hair,  which  parts,  in  moA  of  the  women,  have 
none.” 

The  military  governor  of  Conception,  who  was  an 
Irlfliman,  returned,  while  M.  de  la  Peroufe  was  there, 
from  the  frontiers  of  the  Spanifh  fettlements,  where  he 
had  juft  concluded  a glorious  peace  with  the  Indians. 
This  peace  was  highly  neceflary  to  the  people  of  his 
1 government,  whofe  diftant  habitations  were  expofed  to 
the  inroads  of  favage  cavalry,  whofe  practice  it  is  to 
j malTacre  the  men  and  children,  and  to  make  the  wo- 
men prifoners.  This  amiable  man,  whofe  name  was 
Higguins  (probably  Higgins),  had  fucceeded  in  gaining 
the  good  will  of  thefe  favages,  and  thereby  rendered 
the  moft  flgnal  fervice  to  the  nation  that  had  adopted 
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him.  For  while  the  Indians  and  Spaniards  are  at  va- 
riance, an  alliance  with  the  former  by  any  of  the  mari- 
time powers  of  Europe  would  become  fo  formidable  to 
the  latter,  as  to  induce  them,  for  fear  of  their  lives,  to 
abandon  their  fettlements  in  Chili,  and  retire  to  Peru. 
This  was  clearly  feen  by  Monneron  the  engineer  on  the 
expedition,  who,  with  the  true  fpirit  of  a Frenchman, 
pointed  out  to  his  government  the  method  of  wrefting 
from  its  moft  faithful  ally,  one  of  the  moft  valuable  pro- 
vinces in  the  SpaniAi  empire. 

La  Peroufe  defcribes  the  common  people  of  Concep- 
tion as  much  addiifted  to  thieving,  and  the  women  as 
exceedingly  eafy  of  accefs,  “ They  are  a degenerated 
and  mongrel  race  (fays  he  ) ; but  the  inhabitants  of  the 
flrft  clafs,  the  true  bred  Spaniards,  are  polite  and  obli- 
ging in  the  extreme.  The  bilhop  was  a man  of  great 
fenfe,  of  agreeable  manners,  and  of  a charity  of  which 
the  Spanifh  prelates  afford  frequent  examples.”  He 
was  a Creole,  and  had  never  been  in  Europe,  Of  the 
monks,  our  author  gives  a very  different  charafler. 
“ The  misfortune  (fays  he)  of  having  nothing  to  do, 
the  want  of  family  ties,  the  profefAon  of  celibacy,  with- 
out being  feparated  from  the  world,  and  their  living  in 
the  convenient  retirement  of  their  cells,  has  rendered, 
and  could  not  fail  to  render,  them  the  greateft  profli- 
gates in  America.  Their  effrontery  is  inconceivable. 
I have  feen  fome  of  them  flay  till  midnight  at  a ball ; 
aloof,  indeed,  from  the  good  company,  and  feated  among 
the  fervants.  Thefe  fame  monks  gave  olir  young  men 
more  exa<ft  information  than  they  could  get  elfewhere, 
concerning  places  with  which  priefts  ought  to  have 
been  acquainted  only  in  order  to  interdidl  the  entrance.** 

M.  de  la  Peroufe  reprefents  that  part  of  Chili,  which 
is  called  the  Bijhoprick  of  Conception,  as  one  of  the  moft 
fertile  countries  in  the  univerfe.  Corn  yields  futy  to 
one  ; the  vineyards  are  equally  produftive ; and  the 
plains  are  covered  with  innumerable  flocks,  which,  tho’ 
left  to  themfelves,  multiply  beyond  all  imagination. 
Yet  this  colony  is  far  from  making  the  progrefs  that 
might  be  expefted  from  a Atuation  fo  favorable  to  an 
increafe  of  population.  The  influence  of  the  government 
inceffantly  countera(fts  the  climate  and  the  foil.  Pro- 
hibitory regulations  exift  from  one  end  of  Chili  to  the 
other  ; and  this  kingdom,  of  which  the  productions,  if 
carried  to  the  higheft  pitch,  would  feed  the  half  of 
Europe  ; of  which  the  wool  would  fufHce  for  the  ma- 
nufadlures  of  Great  Britain  and  France,  even  when  ma- 
nufactures flourilhed  in  the  latter  country  ; and  of 
which  the  cattle,  if  falted  down,  would  produce  an  im- 
menfe revenue — is  entirely  deftitute  of  commerce,  and 
its  inhabitants  funk  in  floth  and  indolence.  Unlefs, 
therefore,  Spain  change  its  fyftem  entirely.  Chili  will 
never  reach  that  pitch  of  profperity  which  might  be 
expected  from  its  Atuation  and  fertility.  For  the  lati- 
tude and  longitude  of  Conception,  fee  Encycl. 

Conception,  a large  bay  on  the  E.  fide  of  New- 
foundland ifland,  whofe  entrance  is  between  Cape  Sc 
Francis  on  the  fouthward,  and  Flamborough-hcad  on 
the  northward.  It  runs  a great  way  into  the  land  in 
a fouthern  direction,  having  numerous  bays  on  the  W. 
Ade,  on  which  are  two  fettlements,  Carboniere  and 
Havre  de  Grace.  Settlements  were  made  here  in 
1610,  by  about  40  planters,  under  governor  John 
Guy,  to  whom  king  James  had  granted  a patent  of 
incorporation. — Morse. 
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fcondorcet  wonderful  things,  the  author  inculcates  the  poflibility, 

I II  if  not  the  probability,  that  the  nature  of  man  may  be 
improved  to  abfolute  perfedion  in  body  and  mind,  and 
his  exiftence  in  this  world  protruded  to  immortality. 
So  firmly  does  he  feem  to  have  been  perfuaded  of  the 
truth  of  this  unphilofophical  opinion,  that  he  fet  him- 
felf  ferioufly  to  confider  how  men  ftiould  condud  them- 
felves  when  the  population  fliould  become  too  great  for 
the  quantity  of  food  which  the  earth  can  produce  ; and 
the  only  way  which  he  could  find  for  counterading  this 
evil  was,  to  check  population  by  promifcuous  concubi- 
nage and  other  pradices,  with  an  account  of  which  we 
will  not  fully  our  pages.  Yet  we  are  told  by  La  Lan- 
de,  that  this  iketch  is  “ only  the  outline  of  a great 
work,  which,  had  the  author  lived  to  complete  it,  would 
have  been  confidered  as  a monument  ereded  to  the 
honour  of  human  nature ! ! ! ” La  Lande,  indeed, 
fpeaks  of  the  author  in  terms  of  high  refped ; and  his 
abilities  are  certainly  unqueftionable  : but  what  fhall  we 
think  of  the  morals  of  that  man,  who  firft  purfued  with 
malicious  reports,  and  afterwards  hired  ruffians  to 
Jwr,  de  aflaffinate,*  the  old  Duke  of  Rochefoucalt,  in  whofe 
Nov.  houfe  he  had  been  brought  up  ; by  whom  he  had  been 
792‘  treated  as  a fon ; and  at  whofe  folicitation  Turgot 
created  for  him  a lucrative  office;  and  by  the  power  of 
the  court  raifed  him  to  all  his  eminence  ? There  is  a 
living  Engliffi  writer,  who  has  laboured  hard  to  prove 
that  gratitude  is  a crime.  Condorcet  mull  furely  have 
held  the  fame  opinion  ; and  therefore  could  not  blame 
thofe  low  born  tyrants  who  put  him  to  death  by  what 
we  would  call  an  unjujl  fentence  ; for  it  was  in  fome  de- 
gree to  his  writings  that  thofe  tyrants  were  indebted 
lor  their  power. 

About  the  end  of  the  year  1786,  Condorcet  married 
Marie-Louife  Sophie  de  Grouchy,  whofe  youth,  wit, 
and  beauty,  were  Id's  attradive  in  the  eyes  of  a philo- 
fopher  than  the  tender  and  courageous  anxiety  with 
which  file  watched  the  couch,  and  affiiaged  the  fuffer- 
ings,  of  the  fon  of  the  prefidenl:  du  Paty,  who  had  been 
bitten  by  a mad  dog.  This  union,  however,  we  are 
told,  was  fatal  to  his  repofe ; it  tempted  him  into  the 
dangerous  road  of  ambition  ; and  the  idea  of  providing 
for  a wife  and  daughter  induced  him  to  feek  for  offices 
which  once  he  would  have  defpifed. 

CONDUSKEEG,  a fettlement  in  the  diftrift  of 
Maine,  in  Hancock  co.  containing  567  inhabitants. 
— Morse. 

CONEGOCHEx^GUE  Creeks  rifes  near  Mercerf- 
burg,  Franklin  co.  Pennfylvania,  runs  foutherly  in  a 
winding  courfe,  and  after  fupplying  a number  of  mills, 
empties  into  the  Potowmack,  at  William  port,  in 
Walhington  co.  Maryland  ; 19  miles  S.  E.  of  Hancock, 
and  8 miles  S.  of  the  Pennfylvania  line. — ib. 

CONEMAUGH  River,  and  Little  Conemaugh, 
are  the  head  waters  of  Kilkemanitas,  in  Pennfylvania  : 
after  paffing  through  Laurel  hill  and  Chefnut  ridge, 
Conemaugh  takes  that  name  and  empties  into  the  Alle- 
ghany, 29  miles  N.  E.  of  Pittfburg.  It  is  navigable 
for  boats,  and  there  is  a portage  of  18  miles  between 
it  and  the  Frankftown  branch  of  Juniata  river. — ib. 

CONENTES,  LAS,  a city  of  La  Plata  or  Para- 
guay, in  S.  America,  in  the  diocefe  of  Buenos  Ayres. 

CONESTEO,  a N.  weftern  branch  of  Tioga  river, 
in  New-York, — (b. 
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CONESTOGA,  a lownfhip  in  Lancafter  co.  Penn-  Coneftoga 
fylvania. — ib.  11 

CONESUS,  a fmall  lake  in  the  GenelTee  country, 

N.  York,  which  fends  its  waters  N.  W.  to  GenelTee 
river. — ib. 

CONFERVA  JuGALis  (fee  Conferva  Encycl.)  is 
introduced  here  merely  on  account  of  a curious  circum- 
ftance  refpedling  it,  which  was  communicated,  not  long 
ago,  to  the  Philomatic  Society  at  Paris.  Citizens 
Charles  and  Romain  Coquebert  having  colledled  fome 
of  this  Conferva  in  the  neighbourhood  of  Paris,  afcer- 
tained,  by  means  of  an  excellent  microfcope,  conftruc- 
ted  by  Nairne  and  Blunt,  that,  in  this  fpecies  there  are 
male  and  female  filaments,  which  unite  by  an  acflual  co- 
pulation  ; that  certain  globules  contained  in  the  male 
filaments  pafs  into  the  interior  part  of  the  female  fila- 
ments ; and  that  by  this  union  there  are  formed  in  the 
latter  feeds,  or,  if  we  may  ufe  the  expreffion,  fmall  ova, 
which  reproduce  the  fpecies.  This  is  the  firft  inllance, 
in  the  vegetable  kingdom,  of  a reproduflion  ablblutely 
analogous  to  that  which  we  find  among  animals.  Phi^ 
lofophical  Magazine,  n°  3. 

May  this  ta<ft  be  depended  on  ? We  queftion  not,  in 
the  flighteft  degree,  the  veracity  of  the  editor  of  the 
very  refpedtable  mifcellany  from  which  we  have  copied 
it ; but  we  confefs  ourfelves  inclined  to  admit  the  phy- 
fiological  difcoveries  of  citizen  philofophers  with  great 
hefitalion.  The  fa6l,  if  real,  is  certainly  curious,  and 
may  lead  to  important  conclulions ; and  we  therefore 
recommend  an  inveftigation  of  its  truth  to  our  botani- 
cal readers. 

CONGAREE,  a confiderable  river  of  S.  Carolina, 
formed  by  the  confluence  of  Saluda  and  Broad  rivers. 

The  union  of  the  waters  of  Congaree  and  Wateree, 
from  the  Santee. — Morse. 

CONGELATION,  fee  Chemistry  in  this  Sup- 
plement, n°  284. 

CONHOCTON  Creek,  in  New-York,  is  the  north- 
ern head  water  of  Tioga  river.  Near  its  mouth  is  the 
fettlement  called  Bath. — Morse. 

CONNECTICUT,  a ftream  in  Long  Ifland,  N. 

York,  which  falls  into  a bay  at  the  S.  fide  of  the 
ifland.  It  lies  2 miles  to  the  fouthward  of  Reckon- 
kama  pond. — ib. 

CONTAGION  Encycl.)  is  a fubje(ft  on  which 
much  has  been  written  to  very  little  purpofe.  Of  all 
the  attempts  which  have  been  made  to  account  for  it, 
there  is  not  one  that  can  be  thought  fatisfadlory.  This, 
however,  is  not  perhaps  a matter  of  great  importance, 
if  a method  could  only  be  difeovered  to  ftop  the  pro- 
grefs  of  contagion  where  it  is  known  to  have  place. 

Among  the  many  benefits  which  may  be  reaped  from 
the  late  difcoveries  in  Cheraiftry,  even  this  defideratum 
promifes  to  be  one  ; and  we  furely  need  not  add  one 
of  the  greateft.  Dr  James  Carmichael  Smyth,  phyfi- 
cian  extraordinary  to  his  Majefty,  fuggefted,  in  the 
year  1795  or  1796,  a procefs  for  determining  the  eflfe<ft 
of  the  nitric  acid  in  deftroying  contagion;  and  experi- 
ments, according  to  his  diredfions,  were  made  on  board 
the  Union  and  other  (hips  at  Sheernefs. 

The  Union  was  an  hofpital  ftiip,  and  the  experiment 
on  board  her  was  conduced  by  Mr  Menzies,  late  fur- 
geon  to  his  Majefty’s  {loop  Difeovery,  and  by  Mr  Baf- 
fan,  furgeon  of  tbe  Union ; and  when  it  is  confidered, 
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that  frefa  contagion  was  daily  pouring  into  the  hofpital 
from  the  Ruffian  velTels,  which  were  at  that  time  lying 
in  the  Downs,  and  which  had  brought  with  them  a 
fpecies  of  fever  that  might  in  every  fenfe  of  the  word 
be  termed  an  epidemy,  it  will  be  allowed,  that  the  fuc- 
cefs  which  attended  it  was  fuch  that  it  cannot  be  too 
generally  known. 

The  wards  were  extremely  crowded,  and  the  fick  of 
every  defcription  lay  in  cradles,  promifcuoufly  arran- 
ged, to  the  number  of  nearly  two  hundred  ; of  which, 
about  one  hundred  and  fifty  were  in  different  ftages  of 
the  above  malignant  fever,  which  was  extremely  conta- 
gious, as  appeared  evident  from  its  rapid  progrefs  and 
fatal  effedts  among  the  attendants  on  the  fick  and  the 
fliip’s  company. 

The  utenfils  and  materials  provided  for  the  procefs 
were  the  following;  A quantity  of  fine  fand,  about  two 
dozen  quart  earthen  pipkins,  as  many  common  tea- 
cups, fome  long  flips  cf  glafs  to  be  ufed  as  fpatulas,  a 
quantity  of  concentrated  vitriolic  (fulphuric)  acid,  and 
a quantity  of  pure  nitre  (nitrat  of  potafh). 

The  procefs  was  conduced  in  the  following  manner  ; 
\Ji,  All  the  ports  and  fcuttles  were  fhut  up  ; the  fand, 
which  had  been  previoufly  heated  in  iron  pots,  was  then 
fcooped  out  into  the  pipkins  by  means  of  an  iron  ladle  ; 
and  in  this  heated  fand,  in  each  pipkin,  a fmall  tea-cup 
was  immerfed,  containing  about  half  an  ounce  of  the 
fulphuric  acid,  to  which,  after  it  had  acquired  a proper 
degree  of  heat,  an  equal  quantity  of  nitrat  of  potafh  in 
powder  was  gradually  added,  and  the  mixture  flirted 
with  a glafs  fpatula  till  the  vapour  arofe  from  it  in  con- 
fiderable  quantity  (a).  The  pipkins  were  then  carried 
through  the  wards  by  the  nurfes  and  convalefcents,  who 
kept  walking  about  with  them  in  their  hands,  occafion- 
ally  putting  them  under  the  cradles  of  the  fick,  and  in 
every  corner  where  any  foul  air  was  fufpeded  to  lodge. 
In  this  mainner  they  continued  fumigating,  until  the 
whole  fpace  between  decks  was  fore  and  aft  filled  with 
the  vapour,  which  appeared  like  a thick  haze. 

The  vapour  at  firft  excited  a good  deal  of  coughing 
among  the  patients,  which  gradually  ceafed  as  it  be- 
came more  generally  diffufed  through  the  wards  : part 
of  this  effed,  however,  was  to  be  attributed  to  the  in- 
attention of  thofe  who  carried  the  pipkins,  in  putting 
them  too  near  the  faces  of  the  fick  ; which  caufed  them 
to  inhale  the  ftrong  vapour  as  it  immediately  iffued 
from  the  cups. 

The  body-clothes  and  bed-clothes  of  the  fick  were, 
as  much  as  poffible,  expofed  to  the  nitrous  vapour  du- 
ring the  fumigation  ; and  all  the  foul  linen  removed 
from  them  was  immediately  immerfed  in  a tub  of  cold 
water,  afterwards  carried  on  deck,  rinfed  out,  and  hung 
up  till  nearly  dry,  and  then  fumigated  before  it  was  ta- 
ken to  the  wafh-houfe  ; a precaution  extremely  necef- 
fary  in  every  cafe  of  infedious  diforder.  Due  atten- 
tion was  allb  paid  to  cleanlinefs  and  ventilation. 

It  tcok  about  three  hours  to  fumigate  the  fhip.  In 
about  an  hour  after,  the  vapour  having  entirely  fubfi- 
ded,  the  ports  and  fcuttles  were  thrown  open  for  the 


admiffion  of  frefli  air.  It  could  plainly  be  perceived  Contag' 
that  the  air  of  the  hofpital  was  greatly  fweetened  even 
by  this  firfl  fumigation.  The  procefs  was  repeated 
again  next  morning  ; and  the  people  employed,  being 
now  better  acquainted  with  it,  were  more  expert,  and 
finiftied  the  whole  in  about  an  hour’s  time.  In  aa 
hour  afterwards,  the  vapour  having  entirely  fubfided, 
the  frefh  air  was  freely  admitted  into  the  hofpital  as 
before.  Fewer  pipkins  were  employed  for  the  evening 
fumigations  than  for  thofe  of  the  mornings,  as  the 
frefh  air  could  not  be  admitted  fo  freely  after  the  former 
as  the  latter. 

The  pleafing  and  Immediate  effeft  of  the  fumigation 
in  deftroylng  the  offenfive  and  difagreeable  fmell,  arifing 
from  fo  many  fick  crowded  together,  was  now  very 
perceptible,  even  to  the  nurfes  and  attendants  ; tlie  con- 
fequence  of  which  was,  that  they  began  to  place  fome 
degree  of  confidence  in  its  efficacy,  and  approached  the 
cradles  of  the  infeded  with  lefs  dread  of  being  attack- 
ed with  the  diforder : fo  that  the  fick  were  better  at- 
tended, and  the  duty  of  the  hofpital  was  more  regular- 
ly and  more  cheerfully  performed.  In  ftiort,  a pleafing 
gleam  of  hope  feemed  now  to  cafl  its  cheering  influence 
over  that  general  defpondency,  which  was  before  evi- 
dently pidured  in  every  countenance,  from  the  dread 
and  horror  each  individual  naturally  entertained  of  be- 
ing, perhaps,  the  next  vidim  to  the  malignant  powers 
of  a virulent  contagion. 

It  is  a remarkable  fad,  that  from  the  26th  of  No- 
vember 1795,  when  the  fumigation  was  firfl  reforted 
to,  till  the  25th  of  December,  not  a perfon  on  board 
was  attacked  with  the  fever,  though,  in  the  three 
months  preceding,  more  than  one-third  of  all  the  people 
in  the  ftiip  had  been  feized  with  the  diflemper,  and  of 
thefe  more  than  one  in  four  were  carried  off  by  it ; and 
the  probability  is,  that  the  ficknefs  and  mortality  would 
have  gone  on,  increafing  in  proportion  to  the  diffufion 
of  the  contagion,  and  to  the  increafing  defpondency  of 
the  people,  who  confidered  themfelves  as  fo  many  de- 
voted vidims. 

The  advantage  of  the  fumigation  was  not  felt  by  the 
fliip’s  company  and  attendants  alone,  whom  it  preferved 
from  the  baneful  effeds  of  the  fever:  the  fick  and  con- 
valefcents derived  almofl  an  equal  benefit  from  it.  The 
fymptoms  of  the  difeafe  were  meliorated,  andlofl  much 
of  their  malignant  appearance  ; and  the  advantage  of  a 
pure  air,  and  free  from  flench,  to  convalefcents,  may  be 
readily  conceived. 

Great  confidence  is  always  dangerous.  It  proved  fo 
on  the  prefent  occafion.  On  the  17th  of  December 
they  imagined  themfelves  fo  fecure,  that  they  difeon- 
tinued  the  cuflom  of  fumigating  morning  and  evening, 
thinking  that  once  a day  was  fufficient.  On  the  25th, 
one  of  the  nurfes  fuffered  a flight  attack ; and  on  the 
26th,  amarine,  who,  for  a week  before,  had  been  in  a 
flate  of  intoxication,  was  feized  with  the  fever,  of  which 
he  died.  Thefe  two  accidents  gave  immediate  alarm  ; 
they  returned  again  to  the  pradtice  of  fumigating  twice 
a day  ; and  from  that  time  to  the  extermination  of  the 

diforder, 


(a)  That  the  fumes  of  the  mineral  acids  poffeffed  the  property  of  flopping  contagion  was  proved  by  Morveau 
as  far  back  as  the  year  1773,  who,  by  means  of  the  fumes  of  muriatic  acid  extricated  from  the  muriat  of  foda 
(fea  fait)  by  the  fulphuric  acid,  purified  the  air  of  the  cathedral  of  Dijon,  which  had  been  fo  much  infecled  by 
exhumations  that  they  were  obliged  to  abandon  the  building.  See  Chemistry,  n®.  428,  in  this  Suppletnent^^ 
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We  need  hardly  inform  any  of  our  readers,  that  a 
calk  has  the  appearance  of  two  truncated  cones  joined 
at  their  bafes,  or  that  the  part  where  the  jundlion  ap- 
pears to  be  made  being  the  mofl  capacious,  or  that  of 
Vi’hich  the  diameter  is  the  largeft,  is  vulgarly  called  the 
belly  of  the  calk.  Thefe  cones,  however,  were  they 
completed,  would  not  be  regular,  but  rather  conoids,  be- 
ing formed  of  pieces  of  timber,  or  Haves,  which  are  not 
llraight  lines  as  in  the  cone,  but  are  curved  from  the 
Vertex  to  the  bafe. 

In  chufing  his  wood,  if  he  can  have  a choice,  the 
cooper  prefers  old  and  thick  and  ftraight  trees,  from 
which  he  hews  thin  planks  to  be  formed  into  Haves ; 
and  in  France,  where  this  art  is  pracfifed  on  a large 
fcale,  the  winter  months  are  allotted  for  the  prepara- 
tion of  the  Haves  and  bottoms,  and  the  fummer  for  put- 
ting them  together  or  mounting  the  calk.  The  author 
of  the  article  in  the  Encyclopedie  Methodique  diredts  the 
cooper,  when  drefling  the  Haves  with  the  plane,  to  cut 
the  wood  always  acrofs ; a pradfice  which  we  doubt 
not  is  proper,  though  we  think  it  would  not  be  eafy  to 
afllgn  the  reafon  of  it.  Plaining  is  the  moH  laborious 
and  difficult  part  of  the  work  ; and  there  are  but  few 
coopers  who  plane  quickly,  and  at  the  fame  time  well. 
In  ffiops  where  the  work  is  dillributed  into  parts,  plain- 
ing is  reckoned  a great  objedl ; and  in  France,  before 
the  revolution,  a good  plainer  gained  from  three  {hil- 
lings and  threepence  Herling  to  four  {hillings  and  three 
farthings  a day. 

In  forming  the  Haves,  it  muH  never  be  forgotten  that 
each  is  to  conHitute  part  of  a double  conoid ; that  it 
inuH  therefore  be  broadeH  at  the  middle,  becoming  gra- 
dually, though  not  in  Hraight  lines,  narrower  towards 
the  extremities ; that  the  outfide  acrofs  the  wood  muH 
be  wrought  into  the  fegment  of  a circle  ; and  that  the 
{lave  muH  be  thIckeH  near  the  middle,  growing  thinner, 
by  very  gentle  degrees,  towards  the  ends.  To  adjull 
accurately  thefe  different  curves  (for  even  the  narrowo- 
ing  of  the  Haves  muH  be  in  a curve)  to  the  Cize  and  in- 
tended ffiape  of  the  cafk,  would  require  either  great  ex- 
perience, or  a larger  portion  of  mathematical  fcience 
than  we  have  reafon  to  think  that  many  coopers  pof- 
fefs.  With  refpedt  to  the  infide  of  the  Have,  it  is  of 
little  confequence  whether  it  be  rounded  into  the  feg- 
ment of  a circle  or  not,  and  therefore  the  cooper  very 
feldom  takes  that  trouble. 

The  Haves  being  all  drelTed  and  ready  to  be  arrang- 
ed in  a circular  form,  it  might  be  thought  necelTary, 
in  order  to  make  the  feems  tight,  to  trim  the  thin 
edges,  which  are  to  be  joined  together,  in  fuch  a man- 
ner as  that  a ray  paffing  from  the  outfide  of  the  calk 
through  a feam  to  the  centre,  {hould  touch  the  conti- 
guous Haves  from  the  exterior  to  the  interior  fide;  in 
other  words,  that  the  thin  edges  {hould  be  Hoped  as  the 
archHones  of  a bridge  are  Hoped,  fo  that  the  contigu- 
ous Haves  may  be  brought  into  firm  contad  throughout 
the  whole  joint.  This,  however,  is  not  the  pradice  of 
the  cooper.  With  great  propriety  he  brings  the  con- 
tiguous Haves  into  contad  at  their  inner  furfaces  only  ; 
fo  that  by  driving  the  hoops  hard,  he  can  make  the 
joints  much  clofer  than  he  could  poflibly  have  done  had 
the  edges  of  the  Haves  been  fo  Hoped  as  to  permit  them 
to  touch  each  other  throughout  before  being  driven  to- 
gether by  the  compreffion  of  the  hoops.  This,  toge- 
ther with  giving  to  the  Haves  the  proper  curvature, 
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feems  to  be  the  only  part  of  the  cooper’s  work  which 
deferves  the  name  of  art ; for  the  driving  of  the  hoops 
and  the  forming  of  the  bottoms  could  certainly  be  ac- . 
complifhed  by  any  carpenter,  we  had  almoH  faid  by 
any  man,  though  he  had  never  feen  a hoop  driven  or  a 
bottom  formed. 

In  many  parts  of  Scotland,  inHead  of  ale  or  beer 
mugs,  they  ufe  fmall  hooped  wooden  velTels,  of  which 
the  Haves  are  feather-edged  or  dove-tailed  into  one  ano- 
ther. This,  as  the  Haves  are  of  different  colours,  in- 
creafes  the  beauty  of  the  veffel,  and  to  a fuperficial  ob- 
ferver  appears  to  be  an  ingenious  contrivance ; but  it 
adds  nothing  to  the  Hrength  or  tightnefs  of  the  feam, 
and  cannot  be  attended  with  the  fmalleH  difficulty.  We 
think,  indeed,  that  in  a large  calk  or  tub  it  would 
prove  injurious  to  the  feam  ; for  either  thefe  dove-tails 
muH  be  very  thin  Hips  raifed  from  the  interior  edges  of 
the  Haves,  which  in  many  cafes  could  not  be  done  if  the 
wood  were  thoroughly  feafoned ; or  if  they  be  cut  out 
like  inverted  wedges,  the  contiguous  Haves  muH  be 
brought  into  contad;  from  the  interior  to  the  exterior 
fide  previous  to  the  driving  of  the  hoops ; and  in  that 
cafe,  as  we  have  feen,  the  feams  could  not  be  made 
completely  tight. 

Cooper,  a large  and  navigable  river  which  mingles 
its  waters  with  Alhley  river  below  CharleHon  city  in 
S.  Carolina.  Thefe  form  a fpacious  and  convenient 
harbor,  which  communicates  with  the  ocean,  juH  be- 
low Sullivan’s  ifiand,  which  It  leaves  on  the  N.  7 miles 
S.  E.  of  the  city.  In  thefe  rivers  the  tide  rifes  6t  feet. 
Cooper  river  is  a mile  wide  at  the  ferry,  9 miles  above 
CharleHon. — Morse. 

Cooper’j  IJland,  one  of  the  lefTer  Virgin  Ifles  in  the 
WeH-Indies,  iituated  S.  W.  of  Ginger  Ifiand,  and  un- 
inhabited. It  is  5 miles  long,  and  i broad.  N.  lat. 
18.  5.  W.  long.  62.  57. — ib. 

Cooper’j  Tonun,  a poH  town  and  townlhip,  in  Ot- 
fego  CO.  New-York,  and  is  the  compad  part  of  the 
townlhip  of  Otfego,  and  the  chief  town  of  the  country 
round  Lake  Otfego.  It  is  pleafantly  fituated  at  the 
S.  W.  end  of  the  lake,  on  its  banks,  and  thofe  of  its 
outlet ; 12  miles  N.  W.  of  Cherry  Valley,  and  73  W. 
of  Albany.  Here  are  a court  houfe,  gaol,  and  aca- 
demy. In  1791,  it  contained  292  inhabitants.  In 
1789,  it  had  but  3 houfes  only;  and  in  the  fpring 
1795,  50  houfes  had  been  ereded,  of  which  above  a 
fourth  part  were  refpedable  2 Hory  dwelling-houfes, 
with  every  proportionable  improvement,  on  a plan 
regularly  laid  out  in  fquares.  N.  lat.  42.  44.  W.  long. 
74.  48. — ib. 

Coop er’j  , Town,  Pennfylvania,  is  fituated  on  the 
Sufquehanna  river.  This  place  in  1785,  was  a wilder- 
nefs.  Nine  years  after,  it  contained  1800  inhabitants 
— a large  and  handfome  church,  with  a Heeple — a 
market  houfe  and  a bettering  houfe — a library  of  1200 
volumes,  and  an  academy  of  64  fcholars.  Four  hun- 
dred and  feventy  pipes  were  laid  under  ground,  for  the 
purpofe  of  bringing  water  from  WeH  Mountain,  and 
conduding  it  to  every  houfe  in  town. — ib. 

COOP’s  Tonxm,  in  Harford  co.  Maryland,  lies  12 
miles  N.  W.  of  Harford,  and  22  N.  eaHerly  of  Balti- 
more ; meafuring  in  a Hraight  line. — ib. 

COOS,  or  Cohos,  country  called  Upper  lead.  Lower 
Coos,  lies  on  Connedicut  river  between  20  and  40  miles 
above  Dartmouth  college.  Upper  Coos  is  the  coun- 
ty 
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:€opernicus.  conjunftion  With  the  fun,  they  afe  then  in  the  fide  of 
their  orbits  which  is  almoft  oppofite  to,  and  moft  di- 
ftant  from,  the  earth,  and  therefore  appears  fmalleft  and 
leaft  fenfible  to  the  eye.  But  as  they  then  revolve  in 
a direcElion  which  is  almofi  contrary  to  that  of  the 
earth,  they  appear  to  advance  forward  with  double  ve- 
locity ; as  a fhip  that  fails  in  a contrary  direftion  to 
another  ; appears  from  that  other  to  fail  both  with  its 
own  velocity  and  the  velocity  of  that  from  which  it  is 
feen.  On  the  contrary,  when  thofe  planets  are  in  op- 
pofition  to  the  fun,  they  are  on  the  fame  fide  of  the  fun 
with  the  earth,  are  neareft  it,  moft  fenfible  to  the  eye, 
and  revolve  in  the  fame  direftion  with  it ; but  as  their 
revolutions  round  the  fun  are  flower  than  that  of  the 
earth,  they  are  neceffarily  left  behind  by  it,  and  there- 
fore feem  to  revolve  backwards  ; as  a fhip  which  fails 
flower  than  another,  though  it  fails  in  the  fame  direc- 
tion, appears  from  that  other  to  fail  backwards.  After 
the  fame  manner,  by  the  fame  annual  revolution  of  the 
earth,  he  connefted  together  the  direcft  and  retrograde 
motions  of  the  two  inferior  planets,  as  W'ell  as  the  fta- 
tionary  appearances  of  all  the  five. 

“ Thus  far  did  this  new  account  of  things  render  the 
appearances  of  the  heavens  more  completely  coherent 
than  had  been  done  by  any  of  the  former  fyftems.  It 
did  this,  too,  by  a more  fimple  and  intelligible,  as  well 
as  more  beautiful  machinery.  It  reprefented  the  fun, 
the  great  enlightener  of  the  univerfe,  whofe  body  was 
alone  larger  than  all  the  planets  taken  together,  as  efta- 
blifhed  immoveable  in  the  centre,  fhedding  light  and 
heat  on  all  the  worlds  that  circulated  around  him  in 
one  uniform  direflion,  but  in  longer  or  fhorter  periods, 
according  to  their  different  diftances.  It  took  away 
the  diurnal  revolution  of  the  firmament,  whofe  rapidity, 
upon  the  old  hypothefis,  was  beyond  what  even  thought 
could  conceive.  It  not  only  delivered  the  imagination 
from  the  embarrafiment  of  epicycles,  but  from  the  diffi- 
culty of  conceiving  thefe  two  oppofite  motions  going 
on  at  the  fame  time,  which  the  fyftem  of  Ptolemy  and 
Ariftotle  beftowed  upon  all  the  planets  ; I mean,  their 
diurnal  weftward,  and  periodical  eaftward  revolutions. 
The  earth's  revolution  round  its  own  axis  took  away 
the  neceffity  for  fuppofing  the  firft,  and  the  fecond  was 
eafily  conceived  when  by  itfelf.  The  five  planets,  which 
feem,  upon  all  other  fyftems,  to  be  objedls  of  a fpecies 
by  themfelves,  unlike  to  every  thing  to  which  the  ima- 
gination has  been  accuftomed,  when  fuppofed  to  revolve 
along  with  the  earth  round  the  fun,  were  naturally  ap- 
prehended to  be  objects  of  the  fame  kind  with  the  earth, 
habitable,  opaque,  and  enlightened  only  by  the  rays  of 
the  fun.  And  thus  this  hypothefis,  by  claffing  them  in 
the  fame  fpecies  of  things,  with  an  objedf  that  is  of  all 
others  the  moft  familiar  to  us,  took  off  that  wonder  and 
uncertainty  which  the  ftrangenefs  and  fingularity  of 
their  appearance  had  excited  ; and  thus  far,  too,  better 
anfwered  the  great  end  of  philofophy. 

“ Neither  did  the  beauty  and  fimplicity  of  this  fyftem 
alone  recommend  it  to  the  imagination  } the  novelty 
and  unexpe^tednefs  of  that  view  of  nature  which  it 
opened;  to  the  fancy,  excited  more  wonder  and  furprife 
than  the  ftrangeft  of  thofe  appearances,  which  it  had 
been  invented  to  render  natural  and  familiar,  and  thefe 
fentiments  ftill  more  endeared  it.  For  though  it  is  the 
end  of  philofophy  to  allay  that  wonder  which  either  the 
nnufual  or  feemingly  disjointed  appearances  of  nature 
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excite,  yet  fire  never  triumphs  fo  much  as  when,  in  or-  Copeni  $ 
der  to  connedl  together  a few,  in  themfelves  perhaps  i 
inconfiderable  objeds,  flie  has,  if  I may  fay  fo,  created  J 

another  conftitution  of  things,  more  natural  indeed,  and 
fuch  as  the  imagination  can  more  eafily  attend  to,  but 
more  new,  more  contrary  to  common  opinion  and  ex- 
pedation,  than  any  of  thofe  appearances  themfelves.  As 
in  the  inftance  before  us,  in  order  to  connedl  together 
fome  feemiug  irregularities  in  the  motions  of  the  pla-  [ 

nets,  the  moft  inconfiderable  objedls  in  the  heavens,  and  ! 
of  which  the  greater  part  of  mankind  have  no  occafion 
to  take  any  notice  during  the  whole  courfe  of  their  lives, 
fhe  has,  to  talk  in  the  hyperbolical  language  of  Tycho 
Brahe,  moved  the  earth  from  its  foundations,  ftopt  the 
revolution  of  the  firmament, made  the  fun  ftand  ftill,  and 
fubverted  the  whole  order  of  the  univerfe. 

“ Such  were  the  advantages  of  this  new  hypothefis, 
as  they  appeared  to  its  author  when  he  firft  invented  it. 

But  though  that  love  of  paradox,  fo  natural  to  the 
learned,  and  that  pleafure  which  they  are  fo  apt  to  take 
in  exciting,  by  the  novelty  of  their  fuppofed  difeoveries, 
the  amazement  of  mankind,  may,  notwithftanding  what 
one  of  his  difciples  tells  us  to  the  contrary,  have  had  its 
weight  in  prompting  Copernicus  to  adopt  this  fyftem  ; 
yet  when  he  had  completed  his  Treatife  of  Revolutions, 
and  began  coolly  to  confider  what  a ftrange  doftrine  ha 
was  about  to  offer  to  the  world,  he  fo  much  dreaded 
the  prejudice  of  mankind  againft  it,  that,  by  a fpecies 
of  continence,  of  all  others  the  moft  difficult  to  a philo- 
fopher,  he  detained  it  in  his  clofet  for  thirty  years  to- 
gether. At  laft,  in  the  extremity  of  old  age,  he  allow- 
ed it  to  be  extorted  from  him,  but  died  as  foon  as  it  was 
printed,  and  before  it  was  publifhed." 

This  noble  theory,  however,  being  repugnant  to  the 
prejudices  of  habit  and  education,  was  at  firft  coldly  re- 
ceived, or  utterly  rejedled,  by  every  clafs  of  men.  The 
aftronomers  alone  favoured  it  with  their  notice,  though 
rather  as  a convenient  hypothefis  than  an  important 
truth.  By  the  vulgar  it  was  confidered  as  a chimera, 
belied  by  the  cleareft  evidence  of  our  fenfes  ; while  the 
learned  beheld  it  with  difdain,  becaufe  it  militated  ' 
againft  the  fanciful  diftindtions  and  the  vague  erroneous 
tenets  of  the  Peripatetic  philofophy,  which  no  one  had 
ventured  to  call  in  queftion.  And  it  is  amufing  to  ob- 
ferve  with  what  dexterity  the  Copernicans,  ftill  ufing 
the  fame  weapons,  endeavoured  to  parry  the  blows  of  j 
their  antagonifts.  Its  real  merits  and  blemifties  appear 
to  have  been  overlooked  by  both  parties.  Brahe 
framed  a fort  of  intermediate  fyftem  ; but  this  Danifli 
attronomer  was  more  remarkable  for  his  patience  and 
Ikill  in  obferving  the  heavens,  than  for  his  talents  of 
philofophical  inveftigation.  Towards  the  commence- 
ment of  the  1 6th  century,  a new  order  of  things  emer- 
ged. The  fyftem  of  Copernicusbecamegencrally  known 
and  daily  made  converts.  Its  reception  alarmed  the 
ever-watchful  authority  of  the  church,  roufed  her  jea- 
loufy,  and  at  length  provoked  her  vindidlive  artillery. 

The  ultima  ratio  theologorum  was  pointed  at  the  head  of 
the  illuftrious  Galileo,  whofe  elegant  genius  difeovered 
the  laws  of  motion,  extended  the  fcience  of  mechanics, 
and  added  luftre  and  folidity  to  the  true  fyftem  of  tlie 
univerfe.  From  the  ftorms  of  perfecution  Copernicus  ' 
hirafelf  had  been  exempted  only  by  a timely  death. 

COPPER,  one  of  the  metals  ; for  the  properties  of 
which*  fee  CHEMiSTRy-/«i/f«  ia  this  Supplement. — | 
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The  Chinefe  have  a metal  which  they  call  pe-tung,  but 
which  Sir  George  Staunton  denominates 

While  Copper.  This  metal  has  a beautiful  frlver- 
like  appearance  and  a very  clofe  grain.  It  takes  a fine 
polifh,  and  many  articles  of  neat  workmanfhip,  in  imita- 
tion of  filver,  are  made  of  it.  An  accurate  analyfis  has 
determined  it  to  confift  of  copper,  zinc,  a little  filver  ; 
and  in  fome  fpecimens  a few  particles  of  iron  and  of 
nickel  have  been  found.  From  this  account  it  would 
appear  that  white  copper  is  not  an  artificial  mixture  of 
metals,  but  is  found  native  in  the  mine.  Yet  in  the 
very  fame  page  and  paragraph  Sir  George  proceeds  to 
fay  that  Dr  Gillan  was  informed  at  Canton,  that  the 
artirts,  in  making  their  pe-tung,  reduce  the  copper  in- 
to as  thin  (beets  or  laminae,  as  poflTible,  which  they  make 
red  hot,  and  increafe  the  fire  to  fuch  a pitch  as  to  foft- 
en  in  fome  degree  the  laminae,  and  to  render  them  rea- 
dy almort  to  flow.  In  this  date  they  are  fufpended 
over  the  vapour  of  their  pureft  tu-te-nag,  or  zinc,  placed 
in  a fubliming  velfel  over  abrifk  fire.  The  vapour  thus 
penetrates  the  heated  laminae  of  the  copper,  fo  as  to  re- 
main fixed  with  it,  and  not  to  be  eafily  diffipated  or 
calcined  by  the  fucceeding  fufion  it  has  to  undergo.. 
The  whole  is  fuflFered  to  cool  gradually,  and  is  then 
found  to  be  of  a brighter  colour,  and  of  a clofer  grain, 
than  when  prepared  in  the  European  way.  Surely  this 
is  not  the  white  copper  which  confifts  of  copper,  zinc, 
filver,  iron  and  nickel. 

Copper  Mine,  a large  river  of  New-Britain,  rec- 
koned to  be  the  moft  northern  in  North-America. 
"Taking  a northerly  courfe  it  falls  into  the  fea  in  lat.  72. 
N.  and  about  119.  W.  long,  from  Greenwich.  The 
accounts  brought  by  the  Indians  of  this  river  to  the 
Britilh  ports  in  Hudfon  bay,  and  the  fpecimens  of 
copper  produced  by  them,  induced  Mr  Hearne  to  fet 
out  from  Fort  Prince  of  Wales  in  Dec.  1770,  on  a 
journey  of  difeovery.  He  reached  the  river  on  the 
14th  July,  at  40  miles  diftance  from  the  fea,  and  found 
it  all  the  way  incumbered  with  fhoals  and  falls,  and 
emptying  itfelf  into  it  over  a dry  flat  of  the  (hore,  the 
tide  being  then  out,  which  feemed  by  the  edges  of  the 
ice  to  rife  about  12  or  14  feet.  This  rife,  on  account 
of  the  falls,  will  carry  it  but  a very  fmall  way  within 
the  river’s  mouth  ; fo  that  the  water  in  it  has  not  the 
leaft  brackifh  tafte.  Mr  Hearne  had  the  moft  exten- 
five  view  of  the  fea,  which  bore  N.  W.  by  W.  and  N. 
E. ; when  he  was  about  8 miles  up  the  river.  The  fea 
at  the  river’s  mouth,  was  full  of  iflands  and  (hoals ; 
but  the  ice  was  only  thawed  away  about  :|ths  of  a mile 
from  the  fhore,  on  the  17th  of  July.  The  Efquimaux 
had  a quantity  of  whale  bone  and  feal  (kins  at  their 
tents  on  the  (bore. — Morse. 

COQUIMBO,  a town  of  St  Jago,  or  Chill  Proper, 
in  S.  America,  fituated  at  the  lower  end  of  the  vale, 
bearing  the  fame  name,  on  a gently  rlfing  ground. 
The  river  of  Coquimbo  gives  name  to  the  agreeable 
valley  through  which  it  rolls  to  the  fea ; and  the  bay 
at  its  mouth  is  a very  fine  one,  where  (hips  lie  fafely 
and  commodioufly,  though  the  coaft  is  rocky,  fome 
iflands  lying  fo  as  to  keep  off  the  winds.  The  town 
is  properly  called  La  Serena,  from  the  agreeablenefs  of 
the  climate ; being  continually  ferene  and  pleafant. 
The  ftreets  are  well  laid  out,  and  there  are  5 or  6 con- 
vents ; but  the  houfes  are  not  handfome.  The  foil  is 
fruitful  in  corn,  wine,  and  oil,  and  the  brooks  bring 
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down  quantities  of  gold  daft  after  heavy  rains.  Here 
are  no  gold  mines,  but  plenty  of  copper;  one  of  which, 
5 leagues  N.  from  tha  city  on  Mount  Cerro  Verde,  or 
Green  Hill,  is  high,  and  (baped  like  a fugar  loaf ; fo 
that  it  may  ferve  as  a land  mark  to  the  port.  It  lies 
260  miles  N.  of  St  Jago,  and  juftly  boafts  of  one  of 
the  fineft  fituations  in  the  world ; but  the  arbitrary 
government  of  Spain  renders  it  a place  of  little  im- 
portance.— -ib. 

CORAL  River,  in  New  Mexico,  runs  a courfe  W. 
by  S.  and  empties  into  the  head  of  the  gulf  of  Cali- 
fornia, clofe  by  the  mouth  of  Collerado  river. — 11. 

CORAM,  a poft  town  in  Suffolk  co.  Long  Ifland, 
New-York.  It  has  about  60  houfes,  and  lies  62  miles 
eaftward  of  New-York  city,  and  10  from  Smith- 
town. — ib. 

CORCAS,  or  Grand  Coreas,,  an  ifland  almoft  in  the 
form  of  a crefeent,  N.  of  St  Domingo,  in  the  wind- 
ward pafTage,  about  7 leagues  W.  of  Turk’s  Ifland,  and 
about  20  E.  of  Little  Inagua,  or  Heneagua-  N.  lat. 
21.  55.  W.  long.  70.  55  — ib. 

CORDOVA,  DE  LA  NUEVA  ANDALUSIA, 
a city  of  Peru,  in  S.  America,  in  the  jurifdidlion  of 
Charcas,  80  leagues  S.  of  Santiago  del  Eftero.  Here 
is  the  Epifcopal  church  of  Tucuman,  with  fome  mona- 
fteries,  and  a convent.  It  is  fruitful  in  grain,  honey, 
wax,  fruits,  cotton,  and  fugar.  It  abounds  with  falt- 
pits,  and  has  luxuriant  paftures  for  mules.  It  drives  a 
great  trade  with  Buenos  Ayres.  The  inhabitants  are 
Spaniards,  who  are  farmers  and  manufadlurers  of  cot- 
ton cloth,  w'hich  they  fend  to  Potofi.  S.  lat.  31.  30. 
W.  long.  63.  30.  In  Cordova,  in  the  Tucuman,  there 
has  been  found  the  greateft  inftance  of  longevity  fince 
the  days  of  the  patriarchs.  From  indifputable  evi- 
dence, a negrefs,  named  Loulfa  Truxo,  was  alive  in 
1774,  aged  one  hundred  and  feventy -five  years. — ib. 

CORE  Sound,  on  the  coaft  of  North  Carolina,  lies 
S.  of,  and  communicates  with  Pamlico. — ib. 

CORIENTES,  a cape  of  Mexico,  or  New-Spain, 
on  the  N.  Pacific  ocean.  N.  lat.  21.  W.  long.  109. 
30.  Alfo,  the  name  of  the  S.  wefternmoft  point  of 
the  ifland  of  Cuba. — ib. 

CoRiENTEs,  Los,  a fmall  city  within  the  govern- 
ment of  Buenos  A.yres,  in  S.  America,  was  built  by 
the  Spaniards  on  the  confluence  of  the  Parana  and 
Paraguay,  80  leagues  higher  than  Santa  Fe,  on  the 
Rio  de  la  Plata. — ib. 

CORINTH,  a town(hip  In  Orange  co.  Vermont, 
W.  of  Bradford,  containing  578  inhabitants. — ib. 

CORK  is  the  exterior  bark  of  a tree  which  has  been 
deferibed  in  the  Encyclopaedia.  When  the  tree  is  about 
15  years  old  it  is  fit  to  be  barked,  and  this  can  be  done 
fucceffively  for  eight  years.  The  bark  always  grows 
up  again,  and  its  quality  improves  as  the  age  of  the 
tree  increafes.  It  is  commonly  finged  a little  over  a 
ftrong  fire  or  glowing  coals,  or  laid  to  foak  a certain 
time  in  water,  after  w'hich  it  is  placed  under  (tones  in 
order  to  be  prelTed  ftraight.  We  were  wont  to  procure 
the  greater  part  of  our  cork  from  the  Dutch,  who 
brought  it  principally  from  France ; but  they  imported 
fome  alfo  from  Portugal  and  Spain. 

This  tree,  as  well  as  the  uies  to  which  its  bark  is 
put,  was  known  to  the  Greeks  and  the  Romans  ; by 
the  former  of  whom  it  was  called  and  by  the  lat- 

ter fuber.  By  the  Romans,  as  we  learn  from  Pliny, 
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It  was  even  employed  to  ftop  vefTels  of  every  kind  ; but 
its  application  to  this  ufe  feems  not  to  have  been  very 
common  till  the  invention  of  glafs  bottles,  of  which 
ProfelTor  Beckmann  finds  no  mention  before  the  15th 
century. 

In  later  times,  feme  other  vegetable  productions  have 
been  found  which  can  be  employed  inltead  of  cork  for 
the  laft  mentioned  purpofe.  Among  thefe  is  the  wood 
of  a tree  common  in  South  America,  particularly  in 
moift  places,  which  is  called  there  monb'in  or  monbain, 
and  by  boranifts  fpondias  lutea.  This  wood  is  brought 
to  Engl.^nd  in  great  abundance  for  that  ufe.  The 
fpongy  root  of  a North  American  tree,  known  by 
the  name  of  nyjfa,  is  alfo  ufedfor  the  fame  end,  as  are 
the  roots  of  liquorice,  which  on  that  account  is  much 
cultivated  in  Sclavonia,  and  exported  to  other  countries. 

CORNISH,  a townflhip  in  Chefhire  co.  New-Hamp- 
fhire,  on  the  E.  bank  of  Connecticut  river,  between 
Claremont  and  Plainfield,  about  15  miles  N.  of  Charlef- 
town,  and  16  S.  of  Dartmouth  College.  It  was  in- 
corporated in  1763.  In  1775,  it  contained  309,  and 
in  1790 — 982  inhabitants. — Morse. 

CORNUA  Ammonis,  in  natural  hiftory,  are  foflil 
fhells,  of  which  apretty  full  account  is  given  in  the 
Encyclopjedia.  See  Cornu  Ammonis  and  Snake- 
Stones,  It  was  obferved,  in  the  laft  of  thefe  articles, 
that  few,  if  any,  of  thefe  ftiells  are  known  in  their  re- 
cent ftate,  or  as  occupied  by  the  living  animal ; but 
fome  authors  have  afferted  on  the  authority  of  Lin- 
naeus, that  ammonites,  with  fhells,  fimilar  to  all  the  va- 
rieties of  the  foffil  ones,  are  yet  found  alive  in  the  depth 
of  the  fea.  We  are  much  inclined  to  embrace  this  opi- 
nion ; but  it  has  been  controverted  by  M,  de  Lamanon, 
who  accompanied  La  Peroufe  on  his  voyage  of  difeove- 
v«ry,  by  fuch  arguments  as  we  know  not  how  to  an- 
fwer.  This  unfortunate  naturalift  (fee  Lamanon  in 
this  Supplement)  allows  that  there  are  ftill  in  the  fea 
living  cornua  ammonis  ; but  he  thinks  that  they  are  in 
very  fmall  numbers,  and  materially  different  from  the 
greater  part  of  the  foffil  ones.  According  to  him,  • 
thefe  laft  ought  to  be  confidered  as  a race,  formerly  the 
moft  numerous  of  all,  of  w'hich,  either  there  are  no  de- 
feendants,  or  thofe  defendants  are  reduced  to  a few  de- 
generate individuals.  That  there  are  no  living  animals 
with  fhells  of  the  very  fame  kind  with  fome  of  the  foffil 
cornua  ammonis,  the  following  obfervations  he  confiders 
as  a fufficient  proof. 

“ The  foffil  fhells  are  very  light  and  thin,  whereas 
the  fhells  of  thofe  animals  that  live  in  very  deep  water 
are  always  thick  and  ponderous  ; befides,  the  form  of 
the  foffil  cornua  ammonis  points  out  to  us,  in  fome  mea- 
fure,  the  organization  of  the  animal  which  inhabited  it. 
The  celebrated  Juffieu  proved,  in  1721,  that  there  ex- 
Ifted  a very  clofe  analogy  between  the  ammonite  and 
nautilus  (a).  It  is  well  known  that  the  nautilus,  by 
filling  or  emptying  a part  of  its  fliell,  has  the  power  of 
remaining  ftationary  in  any  depth  it  pleafes : the  fame 
was  doubtlefs  the  cafe  with  the  ammonite  ; and  if  this 
fpecies  ftill  abounds  in  the  fea,  it  would  furely  be  occa- 
fionally  difeovered  by  failors. 
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“ The  waves  alfo  would  throw  fragments  of  it  on 
the  fhore  ; fifherm.en  might  fometimes  entangle  it  in 
their  nets  ; or,  a leaft,  there  would  be  fragments  flick- 
ing to  the  lead  of  the  founding  line  when  afeertaining 
great  depths.  It  may  alfo  be  added,  that  if  the  am- 
monites never  quitted  the  abyfs  of  the  fea,  thofe  which 
are  found  petrified  would  not  be  conftantly  met  with  on 
the  fame  level,  and  in  the  fame  bed,  as  thofe  ftiell  fifli 
that  only  inhabit  the  fliallows.  There  are,  how'ever, 
found  in  Normandy,  Province,  Touraine,  and  a multi- 
tude of  other  places,  ammonites  mixed  whth  turbines, 
buccina  (w'helks),  and  other  littoral  fhells.  They  are 
found,  befides,  at  every  degree  of  elevation  from  below 
the  level  of  the  fea  to  the  fummits  of  the  higheft  moun- 
tains. Analogy  alfo  leads  us  to  fuppofe,  that  Nature, 
who  has  given  eyes  to  the  nautilus,  has  not  refufed  them 
to  the  ammonite ; now  what  ufe  could  thefe  be  of  if 
they  remained  confined  to  thofe  depths  which  the  light 
is  unable  to  penetrate  ? 

“ The  extindlion  of  the  ancient  race  of  ammonites  is 
therefore  an  eftabliflied  faft,  which  no  rational  fuppo- 
fition  can  deftroy  ; and  this  fadl  is  undoubtedly  the 
moft  furprifing  of  any  that  is  prefented  to  us  in  the 
hiftory  of  aquatic  animals.  The  difeovery  of  a few 
living  fpecies  of  cornua  ammonis  does  not  deftroy  the 
truth  of  this,  for  thefe  ammonites  are  very  different 
from  thofe  which  are  found  petrified.  They  are  ex- 
tremely rare,  and  cannot  be  looked  up  to  as  the  repre- 
fentatives  of  the  old  ammonites,  fo  varied  in  their  fpe- 
cies, and  the  number  of  which  in  the  ancient  ocean  was 
probably  far  more  confiderable  than  that  of  all  the 
other  fhells  befides.” 

To  every  univalve  fhell,  rolled  in  a fpiral,  fo  as  that 
a horizontal  plane  will  divide  it  into  two  equal  parts, 
formed  of  united  fpirals,  and  bearing  a certain  propor- 
tion to  each  other,  our  author  gives  the  name  of  an  am- 
monite. “ I thought  it  abfolutely  neceffary  (fays  he)  to 
afeertain  the  precife  meaning  of  the  term  ammonite,  pre- 
vious to  deferibing  that  which  I found  during  our  voy- 
age round  the  world.  The  form  of  this  is  almoft  or- 
bicular, the  long  diameter  being  to  the  fhort  one  as 
three  lines  to  two  lines  and  three  quarters.  The  firft 
fpire  is  by  far  the  largeft,  occupying  nearly  half  of  the 
longitudinal  diameter.  The  fummit  is  placed  at  the 
diftance  of  about  two-thirds  of  this  diameter  ; it  is  ter- 
minated on  the  right  fide  by  a very  fmall  knob  vifible 
only  through  a magnifier,  thus  differing  from  the  am- 
monite  of  Rimini,  which  befides  is  microfcopical  and 
celled,  the  infide  of  this  which  we  are  now  fpeaking  of 
being  entirely  plain.  The  number  of  fpiral  circumvo- 
lutions is  four  and  a half ; they  are  equally  convex  on 
both  fides,  and  are  fixed  on  a plane,  dividing  the  Ihell 
into  two  equal  parts ; there  is  on  each  fide  a kind  of 
bofs  formed  by  the  increafe  of  the  perpendicular  dia- 
meter of  the  fpires,  in  proportion  as  they  recede  from 
the  centre.  The  furface  is  fmooth  ; the  back  is  armed 
with  a flat,  even,  brittle  creft,  as  thin  as  paper,  fur- 
rounding it  on  every  fide  like  a ruff;  it  is  about  half  a 
line  broad,  extends  over  the  fummit  of  the  fpires,  and 
ferves  to  join  them  together.  The  mouth  of  the  Ihell 
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(a)  There  are,  however,  fome  ftriking  internal  differences  : firft,  the  partitions  in  the  fhell  of  the  nautilus 
are  more  curved  than  thofe  of  the  ammonite : fecondly,  the  ammonite  wants  the  fmall  hole  which  communicates 
from  one  cell  to  the  other. 


I 


COR  C521]  COR 


>rnua  is  nearly  triangular ; its  edges  projedt  in  the  form  of 
|i  lips,  and  are  rounded  at  the  border.  I have  often  found 
Cnwall.  ammonite  enclofed  in  the  ftomach  of  the  bonetta 

(fcomber  pelamis,  Linn.),  caught  in  the  South  Sea, 
between  the  tropics,  where  no  bottom  was  found  with 
a line  of  more  than  two  hundred  fathoms.  Thefe 
fhells  were  covered  with  a black  clayey  mud.  Their 
fize  varies  from  one  to  four  lines  acrofs  ; they  are  con- 
fequently  the  largeft  living  ammonites  that  have  yet 
been  difcovered.” 

It  is  well  known  for  what  purpofe  the  modern  phi- 
lofophers  of  France  have  been  fo  indefatigable  in  the 
ftudy  of  natural  hiftory  ; and  there  can  be  little  doubt 
but  that  it  is  to  ferve  the  fame  purpofe  that  Lamanon 
thus  reafons  for  the  deftrudtion  of  the  ancient  race  of 
ammonites  in  fome  univerfal  convuliion  of  the  world. 
But  fuppofing  his  arguments  conclufive,  they  affedl  not 
the  truth  of  the  Jewilh  and  Chrittian  fcriptures.  It  is 
nowhere  faid  in  the  Bible,  that  the  matter  of  this  globe 
was  brought  into  being  at  the  moment  when  Mofes  re- 
prefents  the  Creator  as  beginning  to  reduce  the  chaos 
into  order;  and  it  is  more  than  infinuated  that  there 
' will  be  a earth  after  the  prefent  fyftem  of  things 

fhall  be  dilTolved.  That  new  earth  will  certainly  be 
ftored  with  fome  kind  of  inhabitants ; and  could  it  be 
demonflrated  that  there  was  an  old  earth,  previous  to 
the  era  of  the  Mofaic  cofmogony,  inhabited  by  creatures 
rational  and  irrational,  and  that  the  foffil  cornua  ammon'is 
make  part  of  the  wreck  of  that  fyftem,  the  caufe  of  re- 
velation would  remain  uninjured.  “Mofes,  as  a real 
*\i>pjfor  philofopher*  has  well  obferved,  writes  the  hiftory,  not 
hinfm  of  of  this  globe  through  all  its  revolutions,  but  of  the  race 
Anburgh.  of  Adam.” 

This  fecret  attack,  therefore,  made  by  Lamanon 
againft  that  religion  of  which  he  once  profeffed  to  dif- 
charge  the  duties  of  a prieft,  is  nothing  more  than  te- 
lum  imhelle  fine  itlu.  Yet  it  may  be  worth  fome  natu- 
ralilVs  while  to  enquire,  whether,  though  feeble,  it  has 
been  fairly  made.  We  confefs  that  our  own  fufpicions 
of  unfair  dealing  are  ftrong  ; for  when  a man  of  fcience 
contradidls  himlelf  in  the  courie  of  two  pages,  the  blun- 
der muft  be  attributed  to  fome  other  fource  than  mere 
inadvertency.  M.  de  Lamanon  wifhes  to  prove,  among 
' other  things,  that  the  ancient  ammonites  did  not  inha- 

bit great  depths  of  the  fea  ; and  that  Linnaeus  was  mif- 
taken  when  he  fuppofed  that  in  great  depths  they  may 
ftill  be  found.  Yet  he  himfelf  tells  us,  that  he  freeiuent- 
ly  caught  ammonites  in  the  South  Sea,  where  no  bot- 
tom was  to  be  found  with  a line  of  more  than  200  fa- 
thoms ; and  to  put  it  beyond  a doubt  that  the  animals 
had  been  at  that  bottom,  he  informs  us,  that  their  (hells 
were  covered  with  a black  clayey  mud.  It  is  true  thefe 
ammonites  were  but  fmall ; while  of  300  varieties  of 
fofftl  ammonites  which  he  mentions,  fome,  he  fays, -have 
been  found  ten  feet  in  circumference.  But  is  it  certain 
that  thefe  large  (hells  w’ere  real  cornua  ammonis  P If 
they  agree  not  exactly  with  our  author’s  defcription  of 
the  (hell  of  the  ammonite  (a  fa<5t  into  which  we  have 
had  no  opportunity  of  inquiring),  his  arguments  for 
the  extindion  of  the  ancient  race  are  grofs  fophifms, 
unworthy  of  a man  either  of  fcience  or  of  candour. 

CORNWALL,  a townftiip  in  Addifon  co.  Ver- 
mont, E.  of  Bridport,  on  Lake  Champlain,  contain- 
ing 826  inhabitants. — Morse. 


Cornwall,  New,  a townlhip  in  Orange  co.  New-  Cornwall. 
York,  of  whofe  inhabitants,  35©  are  eledlors. — ih.  II 

Cornwall,  a townlhip  in  Litchfield  co.  Connedficut, 
about  9 miles  N.  of  Litchfield,  1 1 S.  of  SalHbury,  and 
about  40  W.  by  N.  of  Hartford  city. — ib. 

Cornwall,  a fmall  town  in  Upper  Canada,  on  the 
bank  of  Iroquois  river  near  Lake  St  Francis,  between 
Kingfton  and  Quebec,  containing  a fmall  church,  and 
about  30  or  40  houfes. — ib. 

CORNWALLIS,  a town  in  King’s  co.  in  the  pro- 
vince of  New-Brunfwick,  fituated  on  the  S.  W.  fide 
of  the  Bafin  of  Minas;  18  miles  N.  W.  of  Falmouth, 
and  55  N.  W.  of  Annapolis. 

Alfo,  a river  in  the  fame  province,  navigable  for 
veflels  of  too  tons  5 miles;  for  velTels  of  50  tons  10 
miles. — ib. 

CORO,  a town  of  S.  America,  in  Terra  Firma,  at 
the  bottom  of  the  gulf  of  Venezuela,  60  miles  W.  of 
La  Gnaira.  N.  lat.  ii.  W.  long.  70 — ib. 

COROPA,  a province  of  S.  America,  fituated  be- 
tween the  river  Amazon  and  the  lake  Parime. — ib. 

CORRECTION-house  is  a prifon  where  idle  va- 
grants are  compelled  to  work,  and  where  perfons  guilty 
of  certain  crimes  fuffer  punilhment  and  make  reparation 
to  the  public.  Of  the  former  kind  of  correElion- houfes ^ 
perhaps  enough  has  been  faid  in  the  Encyclopaedia  un- 
der the  title  W ov.vi-Houfe  ; but  of  the  latter  very  little 
will  be  found  in  that  work  under  the  titles  Bridewell 
and  Idleness. 

Perhaps  houfes  of  corredlion,  as  means  of  punlfh- 
ment,  are  not,  in  this  country,  employed  fo  frequently 
as  juftice  and  expediency  feem  to  require.  In  the  opi- 
nion of  Dr  Paley,  whofe  opinions  are  always  worthy  of 
attention,  it  is  one  of  the  greateft  defedts  of  the  laws  of 
England  (and  we  may  fay  the  fame  thing  of  the  laws 
of  Scotland),  that  “ they  are  not  provided  with  any 
other  punifliment  than  that  of  death,  fufficiently  terrible 
to  keep  offenders  in  awe.  Tranfportation,  which  is  the 
punifhment  fecond  in  the  order  of  feverity,  anfwers  the 
purpofe  of  example  very  imperfedtly  ; not  only  becaufe 
exile  is  in  reality  a flight  punilhment  to  thofe  who  have 
neither  property,  nor  friends,  nor  regular  means  of  fub- 
fiftence  at  home,  but  becaufe  the  punilhment,  whatever 
it  be,  is  unobferved  and  unknown.  A tranfported  con- 
vidt  may  fuffer  under  his  fentence,  but  his  fufferings  are 
removed  from  the  view  of  his  countrymen  ; his  mifery 
is  unfeen  ; his  condition  ftrikes  no  terror  into  the  minds 
of  thofe  for  whofe  warning  and  admonition  it  was  in- 
tended. This  chafm  in  the  fcale  of  punifhment  pro- 
duces alfo  two  farther  imperfedtions  in  the  adrniniltra- 
tion  of  penal  juftice ; of  which  the  firft  is,  that  the 
fame  punifhment  is  extended  to  crimes  of  very  different 
charadters  and  malignancy ; and  the  fecond,  that  pu- 
nifhments,  feparated  by  a great  interval,  are  affigned  to 
crimes  hardly  diftinguifhable  in  their  guilt  and  mil- 
chief.” 

Perhaps  this  chafm  might  be  properly  filled  up  by 
houfes  of  corredtion  under  judicious  management,  which 
might  likewife  promote  another  important  purpofe,  bet- 
ter than  the  punifhments  in  common  ufe. 

The  end  of  punilhment  is  twofold,  ametidment  and  ex- 
ample. In  the  firft  of  thefe,  the  reformation  of  crimi- 
nals, little  has  ever  been  effedled,  and  little  indeed 
feems  pradlicable  by  the  punilhments  known  to  the  laws 

of 
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CorreAion.  of  Britain.  From  every  fpecles  of  punifhraent  inflidled 
among  us,  from  imprifonment  and  exile,  from  pain  and 
infamy,  malefaiflors  return  more  hardened  in  their 
crimes,  and  more  inflrutfted.  The  cafe  we  think  would 
often  be  different  when  they  returned  to  the  world  from 
a well-regulated  houfe  of  correction.  As  experience  is 
the  only  fafe  guide  in  matters  of  legiflation  and  police, 
we  fliall  lay  before  our  readers  M.  ThomiCs  account  of 
the  houfe  of  correction  at  Amfterdam,  which  feems  to 
corroborate  our  opinion. 

The  Amfterdam  correction  houfe,  from  the  employ- 
ment of  the  prifoners  confined  in  it,  is  called  the  rafping- 
houfi,  and  is  deftined  to  the  reception  of  thofe  malefac- 
tors whofe  crimes  do  not  amount  to  a capital  offence. 
Their  punifhment  cannot  fo  properly  be  denominated 
folitary  confinement  as  a fequeftration  from  fociety  du- 
ring a limited  term  of  years.  The  building  Is  fituated 
in  a part  of  the  fuburbs  to  the  north  eaft  of  the  city. 
The  exterior  has  nothing  remarkable,  either  with  re- 
fpeCt  to  form  or  extent.  It  is  detached  from  the  ftreet 
by  a fpacious  court,  which  contains  the  keeper’s  lodge, 
together  with  apartments  for  the  different  fervants  be- 
longing to  the  eftablifhment.  Over  the  gate,  which 
opens  from  this  court  into  the  prifon,  are  placed  two 
ftatues,  as  large  as  life,  reprefenting  two  men  in  the  act 
of  fiiv^ing  a piece  of  logwood. 

The  inner  court  is  in  the  form  of  a fquare,  round 
which  are  arranged  the  apartments  of  the  prifoners,  to 
gelher  with  the  neceffary  warehoufes.  One  part  of  the 
ground  ftory  is  divided  Into  different  chambers ; the 
other  ferves  as  a depot  for  the  logwood,  and  the  imple- 
ments employed  in  its  preparation. 

The  keeper,  whofe  countenance,  contrary  to  the  ge- 
neral cuflom  of  perfons  of  his  profeffion,  was  ftrongly 
indicative  of  urbanity  and  gentlenefs,  introduced  M. 
Thouin  into  an  apartment  where  two  prifoners  were  at 
work  in  fawing  a large  log  of  Campeachy  wood.  The 
faw  is  compofed  of  four  blades  joined  together,  with 
very  ftrong,  large,  and  (harp  teeth,  which  make  a feif- 
fure  In  the  wood  of  nearly  two  Inches  in  breadth.  The 
operation  Is  repeated,  till  the  pieces  become  too  fmall 
to  undergo  the  faw,  when  they  are  ground  in  mills  pe- 
culiarly conftruded  for  this  purpofe. 

This  employment  requires  an  extraordinary  exertion 
of  ftrength,  and  is  at  fir  ft  a fevere  penance  even  to  ro- 
buft  perfons  ; but  habit,  addrefs,  and  praftice,  foon  ren- 
der it  eafy ; and  the  prifoners  in  a fhort  time  become 
competent  to  furnifh,  without  painful  exertion,  their 
weekly  contingent  of  20olb.  weight  of  fawed  pieces. 
After  completing  this  talk,  they  even  find  time  to  fa- 
bricate a variety  of  little  articles  in  wood  and  ftraw, 
which  they  fell  to  thofe  who  vifit  the  prifon,  or  difpofe 
of,  by  means  of  agents,  in  the  town. 

M.  Thouin  next  infpected  three  apartments  of  dif- 
ferent dimenfions,  which  opened  into  the  inner  court. 
The  one  was  inhabited  by  four,  the  fecond  by  fix,  and 
the  third  by  ten  prifoners.  The  furniture  of  the  rooms 
confifted  in  hammocks,  with  a matrafs,  a blanket,  and  a 
coverlid  to  each,  tables,  chairs,  and  ftools,  glafs,  &c. 
earthen  veffels,  and  various  other  articles  of  convenience. 
Every  thing  in  thefe  apartments  was  diftinguiftied  by 
neatnefs  and  propriety ; and  notwithftanding  the  num- 
ber of  inhabitants  allotted  to  each,  was  fully  adequate 
to  the  dimenfions  of  the  rooms ; the  fenfes  were  not  of- 
fended with  any  difagreeable  feent,  and  the  air  was  in 


every  refped  as  pure  and  wholefome  as  the  furroundlng  Correc 
atmofphere.  ‘ 

In  an  obfeure  part  of  the  building  are  a number  of 
cells,  in  which  formerly  thofe  prifoners  who  revolted 
againft  the  proper  fubordination  of  the  place,  or  ill- 
treated  their  comrades,  were  confined  for  a few  days. 

But  the  keeper  affured  M.  Thouin  that  thefe  cells  had 
not  been  made  ufe  of  for  upwards  of  10  years.  They 
are  dark  gloomy  dungeons,  with  only  a fmall  aperture 
for  the  admiffion  of  light  and  air.  The  fuppreffion  of 
this  barbarous  and  coercive  punilhment  does  honour  to 
the  humanity  of  government. 

The  ftore- rooms  are  filled  with  various  kinds  of  wood 
for  the  purpofes  of  dyeing  ; as  the  haemotoxylum  cam- 
pechianum,  the  morns  tindoria,  the  caefalpinia  fappan, 

&c.  They  are  all  exotics,  with  the  exception  of  the 
Evonymus  Europaeus.  The  warehoufes  were  not  of 
fiifficient  extent  to  contain  the  quantity  of  wood,  which 
was  depofited  in  piles  in  different  parts  of  the  court. 

The  prifoners,  amounting  to  76  in  number,  ■were 
uniformly  habited  in  coarfe  woollens  ; wear  very  good 
ftockings,  large  leather  ftioes,  white  fhirts,  and  caps  or 
hats.  They  are,  by  the  rules  of  the  houfe,  obliged  to 
frequent  ablutions,  which  greatly  contribute  to  the  pre- 
fervation  of  their  health.  There  was  only  one  fick  per- 
fon  among  them  ; and,  what  is  not  a little  remark- 
able, almoft  all  the  prifoners  had  formerly  lived  in  large 
commercial  towns  ; very  few  villagers  were  amongft 
them.  They  had  all  been  fentenced  to  imprifonment 
for  theft  ; but  it  depends  upon  themfelves,  by  reforma- 
tion and  good  behaviour,  to  ftiorten  the  term  of  their 
confinement,  which  many  of  them  frequently  do. 

The  keeper,  whofe  humanity  to  the  unfortunate  per- 
fons committed  to  his  care  inticles  him  rather  to  the 
title  of  their  protedlor  than  their  gaoler  (and  M.  Thou- 
in informs  us,  that  the  prifoners  generally  called  him  by 
no  other  name  than  father),  affifts  them  with  his  coun- 
fels  and  friendly  admonitions.  He  regifters  every  week, 
in  a book  appropriated  to  this  purpofe,  both  the  in- 
ftances  of  good  and  bad  behaviour,  w'hich  is  annually 
fubmitted  to  the  examination  of  the  magiftracy,  who, 
from  this  report,  abridge  or  prolong  the  term  of  con- 
finement according  to  the  degree  of  indulgence  which 
each  prifoner  appears  to  merit.  Cafes  frequently  hap- 
pen, where  a malefaftor,  condemned  to  an  imprifonment 
of  eight  years,  by  his  good  behaviour  procures  his  en- 
largement at  the  expiration  of  four  ; and  fo  in  propor- 
tion for  a Ihorter  term.  But  great  attention  is  paid 
to  diferiminate  between  adual  reform  and  hypocritical 
artifice. 

The  reward  of  good  behaviour  is  not,  however,  con- 
fined to,  or  withheld  till,  the  period  of  adlual  liberation. 
Their  reftoration  to  fociety  is  preceded  by  a progref- 
five  amelioration  of  their  lot.  Their  vpork  is  gradually 
rendered  lefs  laborious,  they  are  accommodated  with  fe- 
parate  apartments,  and  employed  in  the  fervices  of  do- 
meftic  economy-  The  keeper  even  entrufts  them  witli 
commiflions  beyond  the  precinfts  of  the  prifon  ; and 
foarce  a fingle  inftance  has  occurred  of  their  abufing 
this  indulgence.  By  this  prudent  management,  a con- 
fiderable  faving  is  effefted  in  the  expence  of  the  efta- 
blifliment,  at  the  fame  time  that  it  tends  to  wear  away 
prejudice,  and  to  initiate  the  prifoners,  by  gradual  ad- 
vances, into  the  reciprocal  duties  of  foclal  life. 

M.  Thouin  made  particular  inquiries  whether  It  was 

cuftomary 
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Cotopaxi  the  former,  and  4 N.  W.  of  the  latter.  N.  lat.  18.  and  7000  flaves.  They  cultivate  Indian  corn,  tobac- 
H , 12. — lb.  CO,  and  indigo  ; raife  vaft  quantities  of  poultry,  which 

COTOPAXI,  a large  volcano  near  Lataacongo,  they  fend  to  New-Orleans.  They  alfo  fend  to  that  city 
an  afliento  or  dependence  on  the  province  of  Quito,  fquared  timber,  ftaves,  &c. — il. 
in  Peru,  S.  America.  It  lies  nearly  under  the  line,  COURTESEY  of  Scotland.  See  Law  (Encycl.), 
yet  tlie  tops  of  it  are  generally  covered  with  ice  and  Part  III.  fefl  ix  § 28. 

fnow.  It  firtt  fhewed  itfelf  in  1553,  when  Sebaftian  COVENTRY,  a townfiiip  in  Tolland  co.  Connefti- 
de  Belacazar  firll  entered  thefe  countries,  which  erup-  cut,  20  miles  E.  of  Hartford  city.  It  was  fettled  in 
tion  proved  favourable  to  his  enterprife,  as  it  coincided  1709,  being  purchafed  by  a number  of  Hartford  gen- 
with  a predidtion  of  the  Indian  priefts,  that  the  coun-  tlemen  of  one  Jofhua,  an  Indian. — Morse. 
try  (hould  be  invaded  on  the  burfting  of  this  volcano ; Coventry,  in  Rhode-Ifland  ftate,  is  the  N.  eaftern- 
and  accordingly  it  fo  happened;  for  before  1559  he  moft  townfiiip  in  Kent  co.  It  contains  2477  inhabi- 
had  fubdued  all  the  country. — ib.  tants. — ib. 

COTUY,  a canton  and  town  in  the  Spanifh  part  of  Coventry,  a townfiiip  in  the  northern  part  of 
the  ifland  of  St  Domingo,  bounded  E.  by  the  bay  of  New-Hampfiiire,  in  Grafton  co.  It  was  incorporated 
Samana,  N.  by  the  chain  of  mountains  called  Monte-  in  1764,  and  contains  80  inhabitants. — ib. 

Chrilli,  W.  by  the  territory  of  la  Vega,  and  S.  by  the  Coventry,  a townfiiip  in  Orleans  co.  Vermont, 
chain  of  mountains  called  Sevico.  In  1505,  the  gold  It  lies  in  the  N.  part  of  the  ftate,  at  the  S.  end  of 
mines  were  worked  here.  In  the  mountain  of  Mey-  Lake  Memphremagog.  Black  river  pafles  through 
mon,  whence  comes  the  river  of  the  fame  name,  there  this  town  in  its  courfe  to  Memphremagog. — ib. 
is  a copper  mine,  fo  rich,  that  when  refined  will  pro-  Coventry,  a townfhip  in  Chefter  co.  Pennfylvania. 
duce  8 per  cent,  of  gold.  Here  are  alfo  found  excel-  — ib. 

lent  lapis-lazuli,  a ftreaked  chalk,  that  fome  painters  COWE',  is  the  capital  town  of  the  Cherokee  In- 
prefer  to  bole  for  guilding ; loadftone,  emeralds,  and  dians,  fituated  on  the  foot  of  the  hills,  on  both  fides 
iron.  The  iron  is  of  the  beft  quality,  and  might  be  of  the  river  Tenneflee.  Here  terminates  the  great 
conveyed  from  the  chain  of  Sevico  by  means  of  the  vale  of  Cowe,  exhibiting  one  of  the  moft  charming, 
river  Yuna.  The  foil  here  is  excellent,  and  the  plan-  natural,  mountainous  landfcapes  that  can  be  feen. 
tanes  produced  here  are  of  fuch  fuperior  quality,  that  The  vale  is  clofed  at  Cowe  by  a ridge  of  high  hills, 
this  manna  of  the  Antilles  is  called  at  St  Domingo  called  the  y^ore  mountains.  The  town  contains  about 
Sunday  plantanes.  The  people  cultivate  tobacco,  but  100  inhabitants. 

are  chiefly  employed  in  breeding  fwine.  The  inhabi-  In  the  conftitution  of  the  ftate  of  Tenneflee,  Cowe 
tants  are  called  clownifii,  and  of  an  unfociable  charac-  is  defcribed  as  near  the  line  which  feparates  Tenneflee 
ter.  from  Virginia,  and  is  divided  from  Old-Chota,  ano- 

The  town  is  fituated  half  a league  from  the  S.  W.  ther  Indian  town,  by  that  part  of  the  Great  Iron  or 
bank  of  the  Yuna,  which  becomes  unnavigable  near  Smoaky  mountain,  called  Unicoi,  or  Unaca  moun- 
this  place,  about  13  leagues  from  its  mouth  in  the  bay  tain. — ib. 

of  Samana.  It  contains  160  fcattered  houfes,  in  the  COWETAS,  or  Kowetas,  a town  of  the  Lower 
middle  of  a little  favanna,  and  furrounded  with  woods.  Creeks,  in  Eaft-Florida,  called  the  Bloody-town. 
3c  leagues  northerly  of  St  Domingo,  and  12  S.  E.  of  It  lies  on  the  W.  bank  of  Chata-Uche  river  and  con- 
st Yago.  N.  lat.  19^.  II.  W.  long,  from  Paris  72.  tains  280  men. — ib. 

27. — ib.  COWPENS,  a place  fo  called,  in  S.  Carolina,  be- 

COUDRAS,  a fmall  ifland  in  St.  Lawrence  river,  tween  Pacolet  river  and  the  head  branch  of  Broad 
about  45  miles  N.  E.  of  Q_uebec. — ib.  river.  This  is  the  fpot  where  Gen.  Morgan  gained  a 

COUNTRY  Harbor,  f©  called,  is  about  20  leagues  complete  viflory  over  lieut.  col.  Tarleton,  Jan.  ii, 
to  the  eaftward  of  Halifax,  in  Nova-Scotia. — ib.  1781,  having  only  12  men  killed  and  60  wounded. 

COUPEE',  or  Cut  Point,  a fliort  turn  in  the  river  The  Britifh  had  39  commiffioned  officers  killed,  wound- 
Miffiffippi,  about  35  miles  above  Mantchac  fort,  at  the  ed  and  taken  prifoners  ; 100  rank  and  file  killed,  200 
gut  of  Ibberville,  and  259  from  the  mouth  of  the  wounded,  and  500  prifoners.  They  left  behind  2 
river.  Charlevoix  relates  that  the  river  formerly  made  pieces  of  artillery,  2 ftandards,  800  mufkets,  35  bag- 
a great  turn  here,  and  fome  Canadians,  by  deepening  gage-waggons,  and  100  dragoon  horfes,  which  fell 
the  channel  of  a fmall  brook,  diverted  the  waters  of  into  the  hands  of  the  Americans.  The  field  of  battle 
the  river  into  it,  in  the  year  1722.  The  impetuofily  of  was  in  an  open  wood. — ib. 

the  ftream  was  fuch,  and  the  foil  of  fo  rich  and  loofe  COWRY-Shells,  the  loweft  money  in  fome  parts 
a quality,  that  in  a Ihort  time  the  point  was  entirely  of  the  Eaft.  See  Money  (Encycl.),  where  they  are 
cut  through,  and  the  old  channel  left  dry,  except  in  called  haris. 

inundations ; by  which  travellers  fave  14  leagues  of  COXHALL,  a townfiiip  in  York  co.  diftrift  of 
their  voyage.  The  new  channel  has  been  founded  Maine,  containing  775  inhabitants. — Morse. 
with  a line  of  30  fathoms,  without  finding  bottom.  COXSAKIE,  a townfiiip  in  the  weftern  part  of 

The  Spanifii  fettlements  of  Point  Coupee,  extend  Albany  co.  New-York,  containing  3406  inhabitants, 
20  miles  on  the  W.  fide  of  the  Miffiffippi,  and  there  of  whom  302  are  fiaves.  Of  the  citizens  613  are 
are  fome  plantations  back,  on  the  fide  of  La  Faufe  eleflors. — ib. 

Riviere,  through  which  the  Miffiffippi  paffed  about  70  COYAU,  a fettlement  on  Tenneflee  river,  30  miles 
years  ago.  The  fort  at  Point  Coupee  is  a fquare  below  Knoxville. — ib. 

figure,  with  four  baftions,  built  with  ftockades.  There  CRAB-ORCHARD,  a poft  town,  on  Dick’s  river, 
were,  fome  years  fince,  about  2000  white  inhabitants  in  Kentucky,  8 miles  from  Cumberland  river,  and  25 

miles 
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The  road  to  Virginia  paffes  made  ufe  of 
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miles  S.  E.'of  Danville 
through  this  place. — ih. 

CRANBERRY,  a thriving  town  in  Middlefex  co. 
New-Jerfey,  9 miles  E.  of  Princeton,  and  16  S.  S. 
W.  of  Brunl'wick.  It  contains  a handfome  Prefby- 
terian  church,  and  a variety  of  manufai^tures  are  car* 


this,  however,  I fiiould  apprehend,  would 
not  be  a matter  of  abfolute  neceffity.” 

Our  author  is  aware  of  two  objedions  which  may  be 
urged  againft  the  introdudtion  of  a worm  into  a crane 
in  the  manner  which  he  propofes.  The  firft  arifes  from 
the  flownefs  of  the  motion  produced  by  the  turning  of 


Crane. 


ried  on  by  its  iaduftrious  inhabitants.  The  ftage  from  a ferew  which  he  confiders  as  unworthy  of  regard;  be- 
New-York  to  Philadelphia  pafies  through  Amboy,  this  caufe  the  neceffary  fpeed  is  to  be  gained  by  the  firft  pair 
town,  and  thence  to  Bordentown. — ib.  of  wheels,  and  the  diameter  of  the  barrel  of  the  wind- 

Cranberry  IJlands^  on  the  coaft  of  the  diftridf  of  lafs. 

Maine. — ih.  To  the  fecond,  arifing  from  the  fuppofed  greater 

CRANE,  in  mechanics,  a machine  ufed  for  railing  fridlion  between  a worm  and  wheel,  he  replies,  that  as 
or  lowering  great  weights.  For  the  principles  on  which  the  fridlion  between  the  teeth  of  two  wheels  (if  not 
thefe  machines  adf,  fee  Dynamics  in  this  Supplement^  formed  on  the  true  epicycloidal  principle)  muft,  while 
and  likewife  Mechanics,  Encycl.  where  deferiptions  it  lafts,  be  greater  than  between  a worm  and  wheel  for 


are  given  of  feveral  very  powerful  cranes. 

The  crane  in  common  ufe  is  employed  with  fome 
danger  to  thofe  who  work  it ; and  therefore  a machine 
of  this  kind,  adling  upon  a fimple  and  certain  principle, 
by  which  the  men  walking  in  the  wheel  can  lower  goods 
with  fafety  as  well  as  expedition,  has  long  been  conft- 
dered  as  a great  defideratum  in  mechanics.  Repeated 


the  fame  fpace  of  time,  it  feems  no  unreafonable  fuppo- 
fition  that  the  aggregate  of  fridtion  will,  in  the  two 
cafes,  nearly  balance  each  other  ; efpecially  if  it  be 
taken  into  the  account,  that  to  obtain  the  powder  of 
one  worm  and  wheel,  there  will  be,  in  moft  cafes,  re- 
quired two  pair  of  wheels,  and  two  additional  axes— all 
which  will  add  to  the  fridlion.  But  granting  the  ba- 
premiums  have  been  offered  by  the  Society  for  the  Encou-  lance  of  fridfion  to  be  againft  the  adtion  of  the  worm, 
ragement  of  Arts,  to  induce  ingenious  men  to  attempt  the  power  to  overcome  it  is  greater  in  proportion  than 
the  invention  of  fuch  a machine  ; and  various  have  been  to  overcome  the  fridtion  of  two  wheels, 
the  contrivances  for  accompliftiing  fo  defirable  a pur-  Mr  James  Whyte  of  Chevening,  in  the  county  of 
pofe.  A clergyman,  who  fubferibes  E.  C.  we  fuppofe  Kent,  whofe  improvement  in  the  conftrudlion  of  pullies, 
as  the  initials  of  his  name,  propofes,  through  the  medi-  has  with  due  refpedt  been  noticed  elfewhere*,  gives,  * See  Me-- 
um  of  the  Repertory  of  Arts,  to  accomplifh  it  merely  by  in  the  EranfaBions  of  the  Society  for  the  Encouragement  of  chanks,  vP 
introducing  the  adlion  of  a worm  or  ferew  into  the  crane.  Arts,  See.  the  following  defeription  of  a new  crane  for  *7-  S-rcyd. 

Whenever  a worm  of  two  threads  is  introduced  into  wharfs ; 

A (fig.  I.),  a circular  inclined  plane,  moving  on  a Plate  XX. 
pivot  underneath  it,  and  carrying  round  with  it  the 
axis  E.  A perfon  walking  on  this  plane,  and  preffing 
againft  the  lever  B,  throws  off  the  gripe  D,  by  means 
of  an  iron  rod  C;  and  thus  admits  the  plane  and  its 
axis  to  move  freely,  and  raife  the  weight  G by  the  coil- 
ing of  the  rope  F round  the  axis  E. 

To  Ihew  more  clearly  the  conftrudlion  and  adllon  of 


a machine,  all  retrograde  motion  is  ftopped,  unlefs  that 
worm  receive  its  readtion  from  the  firft  moving  force ; 
for,  powerfully  as  a worm  adls  upon  a wheel,  a wheel 
has  no  power  upon  a worm,  whatever  force  may  be  ap- 
plied to  it.  Suppofe,  then,  the  firft  motion  in  a crane 
were  given  by  a worm  upon  the  axis  of  the  wheel  in 
which  the  man  walks,  the  man  would  have  perfedl  com- 
mand of  the  machine,  to  raife  or  lower  the  goods  at 


pleafure,  with  the  remoteft  poflibility  of  being  over-  the  lever  and  gripe,  a plan  of  the  circular  inclined  plane, 
powered  by  the  defeending  weight.  with  the  lever  and  gripe,  is  added  (fee  fig.  2.),  where 

“ Were  I to  conftrudt  (fays  the  author)  a crane  upon  B reprefents  the  lever,  D the  fpring  or  gripe.  In  this 
this  principle,  I would  have  the  axis  of  the  wheel  in  plan,  when  the  lever  B is  in  the  fituation  in  which  it 
which  the  man  walks,  and  the  axis  of  the  worm,  in  fe-  now  appears,  the  fpring  or  gripe  D preffes  againft  the 
parate  parts,  and  occafionally  united  by  a coupling-box,  periphery  of  the  plane,  as  Ihewn  by  the  double  line, 
When  goods  were  to  be  raifed,  the  two  axes  fhould  be  and  the  machine  cannot  move  ; but  when  the  lever  B 
connedled  ; when  lowered,  they  might  be  difunited, 
and  the  worm  turned  by  a winch,  which  would  be  done 
much  more  expeditioully  that  way  than  by  the  wheel. 

For  the  reafons  before  fuggefted,  the  defeent  of  the 


IS 


preffed  out  to  the  dotted  line  H,  the  gripe  is  alfo 
thrown  off  to  the  dotted  line  I,  and  the  whole  machine 
left  at  liberty  to  move.  One  end  of  a rope  or  cord,  of 
a proper  length,  is  fixed  near  the  end  of  the  lever  B, 
weight  could  be  accelerated  or  ftopped  at  pleafure,  at  and  the  other  end  made  faft  to  one  of  the  uprights, 
the  diferetion  of  the  perfon  turning  the  winch.  ferving  to  prevent  the  lever  moving  too  far  when  preffed 

“ This  contrivance  might  be  not  inconveniently  ap-  by  the  man. 

The  properties  of  this  crane,  for  which  the  premium 
of  40  guineas  was  adjudged  by  the  fociety  to  the  in- 
ventor, are  as  follows : 

I.  It  is  fimple,  confifting  merely  of  a wheel  and  axle. 
2.  It  has  comparatively  h’ttle  fridlion,  as  is  obvious  from 
the  bare  infpedtion  of  the  figure.  3.  It  is  durable,  as 
is  evident  from  the  two  properties  above-mentioned. 
4.  It  is  fafe-;  for  it  cannot  move  but  during  the  plea- 
lure  of  the  man,  and  while  he  is  adlually  prefling  on 
the  gripe-lever.  5.  This  crane  admits  of  an  almoft  in- 
finite variety  of  different  powers,  and  this  variation  is 


plied  to  a crane  already  eredted  upon  the  common  prin- 
ciple : Let  there  be  a wheel  put  upon  any  convenient 
axis  in  the  machine  as  it  now  ftands  ; upon  this  let 
there  lie  a worm  that  can  be  thrown  in  or  out  of  gear 
at  pleafure  ; and  let  the  lever  by  which  it  is  done  lie 
within  reach  of  the  man’s  hand  in  the  wheel.  The 
goods  being  faftened  to  the  crane,  and  raifed  off  the  floor 
of  the  w'arehoufe  ready  for  letting  down,  the  man  puts 
the  worm  into  gear,  leaves  the  wheel,  and  lets  the 
goods  down  by  the  winch.  Provided  it  can  be  conve- 
niently done,  it  would  be  advifable  to  throw  the  w'heel 


in  which  the  man  w^alks  out  of  gear,  when  the  winch  is  obtained  without  the  leaft  alteration  of  any  part  of  the 
SuppL.  VoL.  I.  3 Y machine. 
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Cfoft  as  the  radii  to  the  tangent  lines  on  the  faces  of  the 
I ftaff.— The  inftrument  was  ufed  in  taking  the  altitudes 

Crown.  celeftial  bodies  at  fea. 

Cross  Cape,  in  Upper  Canada,  projefts  from  the 
N.  E.  fide  of  St  Mary’s  river,  at  the  outlet  of  lake 
Superiotj  oppohte  the  falls,  in  N.  lit.  ^6.  30.  W.  long; 
84..  50. — Morse. 

CRoss-CREEit,  a townfliip  In  Walhington  county, 
Pe  n n fy  1 vania.— . 

Cross-Roads,  the  name  of  a place  In  North-Caro- 
Una,  near  Duplin  court-honfe,  23  miles  from  Sampfon 
eourt-houfe,  and  23  from  Soiith-Walhington. — il>. 

Cross-Roads,  a village  in  Kent  ca.  Maryland, 
fituated  2 miles  S.  of  Georgetown,  on  Saffafras  river, 
and  is  thus  named  from  4 roads  which  iheet  and  crofs 
each  other  in  the  village. — ib. 

Cross-Roads,  a village  in  Chefter  co.  Pennfylvania, 
w'here  6 different  roads  meet.  It  is  27  miles  S.  E.  of 
Lancafter;  it  N.  by  W.  of  Elkton,  in  Maryland, 
and  about  18  W.  N.  W.  of  Wilmington  in  Delaware. 
— ib. 

CROSSWICKS,  a village  in  Burlington  co.  New- 
Jerfey ; through  'which  the  line  of  ftages  pafies  from 
New- York  to  Philadelphia.  It  has  a refpedlable  Qua- 
ker meeting-houfe ; 4 miles  S.  W.  of  Allen  Town,  8 
S.  E.  of  Trenton,  and  14  S.  W.  of  Burlington, — ib. 

CROTON  Rh)er,  a N.  eaftern  water  of  Hudfon 
river,  rifes  in  the  town  of  New-Faiifield,  in  Connedicut, 
and  running  through  Dutchefs  co.  empties  into  Tap- 
pan  bay,  Croton  bridge  is  thrown  over  this  river  3 
miles  from  its  mouth,  on  the  great  road  to  Albany. 
This  is  a folid  fubftantial  bridge,  1400  feet  long,  the 
road  narrow,  piercing  through  a flate  hill.  It  is  fup- 
ported  by  16  (lone  pillars.  Here  is  an  admirable  view 
of  Croton  Falls,  where  the  water  precipitates  itfelf  be- 
tween 60  and  70  feet  perpendicular ; high  flate  banks, 
in  fome  places  100  feet ; the  river  fpreading  into  three 
dreams,  as  it  enters  the  Hudfon. — ib, 

CROW  Creek,  falls  into  the  Tennelfee,  from  the  N. 
W.  oppofite  the  Crow  Town,  15  miles  below  Nicka- 
jack  Town. — ib. 

CROWN,  in  ajlronomy,  a name  given  to  two  con- 
flellations,  the  fouthern  and  the  northern. 

Crown,  in  geometry,  a plane  ring  included  between 
two  parallel  or  concentric  peripheries  of  unequal  circles. 

Crojtn-PoJI,  is  a poft  in  fome  buildings  Handing  up- 
right in  the  middle  between  two  principal  rafters  ; and 
from  which  proceed  ftruts  or  braces  to  the  middle  of 
each  rafter.  It  is  otherwife  called  a king  pojl,  or  king's- 
piece,  or  joggle-piece. 

Crown  Point,  is  the  mod  foutherly  towndiip  in 
Clinton  co.  New-York,  fo  called  from  the  celebrated 
fortrefs,  which  is  in  it,  and  which  was  garrifoned  by 
Briiifli  troops,  from  the  time  of  its  reduction  by  gen. 
Amherd  in  1759,  till  the  late  revolution.  It  was  taken 
by  the  Americans  the  14th  of  May  1775,  and  retaken 
by  the  Britifii  the  year  after.  The  point  upon  which 
it  was  eretded,  by  the  French  In  1731,  extends  N.  into 
lake  Champlain.  It  was  called  Kruyn  Punt,  or  Scalp 
Point,  by  the  Dutch,  and  by  the  French,  Points  h la 
Che’oekure.  The  fortrefs  they  named  Fort  St  Frede- 
rick.  After  it  was  repaired  by  the  Britifh,  it  w'as  the 
mod  regular  and  expenfive  of  any  condrufted  by  them 
in  America.  The  walls  are  of  wood  and  earth,  about 
16  feet  high  and  about  20  feet  thick,  nearly  150  yards 


fquare,  and  furrounded  by  a deep  and  broad  ditch,  Cvows 
dug  out  of  the  folid  rock.  The  only  gate  opened  on  1 
the  N.  towards  the  lake,  where  w’as  a draw-bridge  and 
a covert-way,  to  fecure  a communication  with  the 
waters  of  the  lake,  in  cafe  of  a dege.  On  the  right 
and  left,  as  you  enter  the  fort,  is  a row  of  done  bar- 
racks, not  inelegantly  built,  which  are  capable  of  con- 
taining 2000  troops.  There  were  formerly  feveral 
out-works,  which  are  now  in  ruins,  as  is  indeed  the 
cafe  with  the  principal  fort,  except  the  walls  of  the 
barracks.  The  famous  fortification  called  Ticonderoga 
is  15  miles  S.  of  this ; but  that  fortrefs  is  alfo  fo  much 
demolidied,  that  a dranger  would  fcarcely  form  aa 
idea  of  its  original  condrudtion.  The  town  of  Crown 
Point  has  no  rivers ; a few  dreams,  however,  iffuc 
from  the  mountains,  w'hich  anfwer  for  mills  and  com- 
mon ufes.  In  the  mountains,  which  extend  the  whole 
length  of  lake  George,  and  part  of  the  length  of  lake 
Champlain,  are  plenty  of  moofe,  deer,  and  almod  all 
the  other  inhabitants  of  the  fored.  In  1790,  the  town 
contained  203  inhabitants.  By  the  date  cenfus  of 
1796,  it  appears  there  are  126  eledors.  The  fortrefs 
lies  in  N.  lat.  44.  20.  W.  long.  73.  36. — Morse. 

CROWS  Meadonns,  a river  In  the  N.  W.  territory, 
which  runs  N.  wedward  into  Illinois  river  oppofite  to 
which  are  fine  meadows.  Its  mouth  is  20  yards  wide, 
and  240  miles  from  the  Mifliffippi.  It  is  navigable  be- 
tween 15  and  18  miles. — ib. 

CROYDEN,  a townfhip  in  Chefhire  co.  New-Hamp- 
diire,  adjoining  Cornilh,  and  about  18  miles  N.  E.  of 
Charledown.  It  was  incorporated  in  1763.  In  1775, 
it  contained  143,  and  in  1790,  537  inhabitants. — ib. 

CRUCES,  a town  of  Terra  Firma,  S.  America,  5 
leagues  from  Panama,  and  fituated  on  Chagre  river. 

— ib. 

La  CRUZ,  an  excellent  harbour  on  the  north-wed 
coad  of  America,  difeovered  by  the  Spaniards  in  1779. 

They  were  introduced  into  it  by  a paffage  which  they 
called  Bucarellt’s  entrance,  and  which  they  placed  in  55® 

18'  N.  Lat.  and  139®  15''  W.  Long,  from  the  meridian 
of  Paris.  There  is  no  good  reafon  to  quedion  the  ex- 
adtnefs  of  the  latitude  of  this  paflage  as  laid  down  by 
the  Spaniards ; but  the  editor  of  Peroufe’s  voyage  jud- 
ly  concludes,  from  the  furvey  made  by  our  celebrated 
navigator  Captain  Cook  on  the  coads  adjacent  to  the 
entrance  of  Bucarelli,  that  this  entrance  is  about  135® 

20'  to  the  wed  of  Paris,  or  very  nearly  133°  wed  of 
Greenwich. 

The  Spaniards  were  not  long  In  the  harbour  of  La. 

Cruz  before  they  received  a vifit  from  the  inhabitants 
in  its  neighbourhood.  Bartering  took  place.  The  In- 
dians gave  their  peltry,  and  various  trifles,  for  glafs 
beads,  bits  of  old  iron,  &c.  By  this  traffic  the  Spa- 
niards were  enabled  to  gain  a fufficiently  exadl  know- 
ledge of  their  genius,  of  their  offenfive  and  defenfive 
arms,  of  their  manufaflures,  &c. 

Their  colour  is  a clear  olive  ; many  among  them 
have,  however,  a perfedtly  white  fkin  : their  counte- 
nance is  well  proportioned  in  all  its  parts.  They  are 
robud,  courageous,  arrogant,  and  warlike. 

They  clothe  themfelves  in  one  or  two  undrefled  fklns 
(with  the  fur  apparently)  *,  tbefe  are  the  fkins  of  otters, 
of  fea-wolves,  of  benades  (afpeciesof  deer),  of  bears, 
or  other  animals,  which  they  take  in  hunting.  Thefe 
drefles  cover  them  from  the  neck  to  the  middle  of  the 
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leg  j there  are,  however,  many  among  them  who  wear 
boots  of  fmooth  Ikin,  refembling  Englilh  boots,  only 
that  thofe  cf  the  Indians  open  before,  and  are  laced 
tight  with  a Rring.  They  wear  hats  woven  from  the 
fine  bark  of  trees,  the  form  of  which  refembles  that  of 
a funnel  or  a cone.  At  the  w'ritts  they  have  bracelets 
of  copper  or  iron,  or  for  want  of  thefe  metals  the  fins 
of  whales ; and  round  the  neck,  necklaces  of  fmall  frag- 
ments of  bones  of  fifhes  and  other  animals,  and  even 
copper  collars  of  the  bignefs  of  two  fingers.  They 
Avear  in  their  ears  pendants  of  mother  cf  pearl,  or  flat 
pieces  of  copper,  on  which  is  embofled  a refin  of  a to- 
paz colour,  and  which  are  accompanied  with  jet  beads. 
Their  hair  is  long  and  thick,  and  they  make  ufe  of  a 
comb  to  hold  it  together  in  a fmall  queue  from  the 
middle  to  the  extremity  ; a narrow  ribbon  cf  coarfe 
linen,  woven  for  this  purpofe,  ferves  as  a ligament.  They 
wear  alfo  as  a covering  a kind  of  fcarf,  woven  in  a par- 
ticular manner,  fomething  more  than  a yard  and  a half 
long,  and  about  half  a yard  broad,  round  which  hangs 
-a  fringe  fomething  more  than  half  a quarter  of  a yard 
deep,  of  which  the  thread  is  regularly  twilled. 

The  women  give  proofs  of  their  modefty  and  decen- 
cy by  their  drefs.  Their  phyfiognomy  is  agreeable, 
their  colour  frelh,  their  cheeks  vermilioned,  and  their 
hair  long;  they  plait  it  together  in  one  long  trefs. 
They  wear  a long  robe  of  a fmooth  Ikin  tied  round  the 
loins,  like  that  of  a nun  ; it  covers  them  from  the  neck 
as  low  as  the  feet ; the  fleeves  reach  down  to  the  wrifts. 
Upon  this  robe  they  put  divers  fleins  of  otters  or  other 
animals  to  defend  themfelves  from  the  inclemency  of 
the  weather.  Better  drefled,  many  of  them  might  dif- 
pute  charms  with  the  moll  handfome  Spanifh  women  ; 
but  dilTatisfied  with  their  natural  charms,  they  have  re- 
courfe  to  art,  not  to  embellilh,  but  to  disfigure  them- 
felves. All  the  married  women  have  a large  opening 
in  the  under  lip,  and  this  opening  or  orifice  is  filled  up 
by  a piece  of  wood  cut  in  an  oval  fhape,  of  which  the 
fmallell  diameter  is  almoll  an  inch  ; the  more  a woman 
is  advanced  in  years  the  more  this  curious  ornament  is 
extended  : it  renders  them  frightful,  the  old  women 
efpecially,  whofelip,  deprived  of  its  wonted  fpring,  and 
dragged  by  the  weight  of  this  extraordinary  jewel,  ne- 
ceflarily  hangs  in  a very  difagreeable  manner.  The 
girls  wear  only  a copper  needle,  which  crofles  the  lip  in 
the  place  where  the  ornament  is  intended  hereafter  to 
be  placed. 

Thefe  Indians  in  war  make  ufe  of  cuiralTes  and 
fhoulder  pieces  of  a manufadlure  like  that  of  the  whale- 
bone flays  among  the  Europeans.  Narrow  boards  or 
fcantlings  form,  in  fome  fort,  the  woof  of  the  texture, 
and  threads  are  the  warp  : in  this  manner  the  tvhole  is 
very  flexible,  and  leaves  a free  ufe  to  the  arms  for  the 
handling  of  weapons.  They  wear  round  the  neck  a 
coarfe  and  large  gorget  which  covers  them  as  high  as 
below  the  eyes,  and  their  head  is  defended  by  a morion, 
©r  fkull  piece,  ufually  made  of  the  head  of  fome  feroci- 
ous animal.  From  the  waift  downwards,  they  wear  a 
kind  of  apron,  of  the  fame  contexture  as  their  cuirafs. 
Laftly,  a fine  fkin  hangs  from  their  fhoulders  down  to 
the  knee.  With  this  armour,  they  are  invulnerable  to 
the  arrows  of  their  enemies  ; but  thus  armed  they  can- 
not change  pofition  with  fo  much  agility  as  if  they  were 
lefs  burdened. 

Their  offenfive  arms  are  arrows  } bows,  of  which  the 


firings  are  woven  like  the  large  cords  of  our  beft  mufi- 
cal  inftruments  ; lances  four  yards  in  length,  tongued 
with  iron  ; knives  of  the  fame  metal,  longer  than  Eu- 
ropean bayonets,  a weapon  however  not  very  common 
among  them  ; little  axes  of  flint,  or  of  a green  ftone,  fo 
hard  that  they  cleave  the  moft  compafl;  wood  without 
injury  to  their  edge. 

The  pronunciation  of  their  language  is  extremely  dif- 
ficult ; they  fpeak  from  the  throat,  with  a movement  of 
the  tongue  againft  the  palate  ; the  little  ufe  the  w^o- 
men  make  of  the  inferior  lip  greatly  injures  the  diftinc- 
tivenefs  of  their  language  ; the  Spaniards  could  neither 
pronounce  nor  write  the  words  which  they  heard. 

From  the  vivacity  of  fpirit  in  thefe  Indians,  and  from 
their  attention  amply  to  furnifh  the  market  efiablifhed 
in  the  harbour,  it  may  be  concluded  that  they  are  pret- 
ty laborious.  They  continually  brought  fiuflFs  well 
woven  and  fhaded  by  various  colours,  the  fldns  of  land 
and  fea  wolves,  of  otters,  bears,  and  other  fmaller  ani- 
mals  ; of  thefe  fome  were  raw%  and  others  drefled. 
There  were  to  be  found  at  this  market  alfo  coverlets  of 
coarfe  cloth,  lhaded  with  white  and  brown  colours,  very 
well  woven,  but  in  fmall  quantities  ; large  ribbons  of 
the  fame  linen  which  might  match  wfith  that  of  the 
Spanilh  officers  mattreffes  ; fkeins  of  thread  fuch  as  this 
cloth  w'as  made  of ; wooden  plates  or  bowls  neatly 
worked  ; fmall  boats  or  canoes  painted  in  various  co- 
lours, the  figures  of  which  reprefented  heads  with  all 
their  parts ; frogs  in  wood  nicely  imitated,  which  open- 
ed like  tobacco  boxes,  and  which  they  employed  to 
keep  their  trinkets  in  : boxes  made  of  fmall  planks,  of 
a cubical  form,  being  three  quarters  of  a yard  on  each 
fide,  with  figures  well  drawn,  or  carved  on  the  outfide, 
reprefenting  various  animals  ; the  covers. fabricated  like 
Flanders  etwees,  with  rabbeted  edges,  formed  fo  as  to 
fimt  into  the  body  of  the  box ; animals  in  wood,  as 
well  thofe  of  the  earth  as  of  the  air  ; figures  of  men  of 
the  fame  material,  with  fkull-caps  reprefenting  the  heads 
of  various  fierce  animals  ; fnares  and  nets  for  fiffiing  ; 
copper  collars  for  the  neck,  and  bracelets  of  iron  for 
the  wrifi,  but  which  they  would  not  part  with  except 
at  a very  high  price  ; beak-like  inftruments,  from  which 
they  drew  founds  as  from  a German  flute.  The  prin- 
cipal officers  took  fuch  of  thefe  merchandizes  as  were 
moft  agreeable  to  them,  and  left  the  remainder  to  the 
ftiips  crews. 

As  the  Indians  difeovered  that  the  Spaniards  were 
very  dainty  in  their  filh,  they  did  not  let  them  want  for 
choice ; the  greateft  abundance  was  in  falmon,  and  a 
fpecies  of  foie  or  turbot  three  yards  and  a quarter  long, 
broad  and  thick  in  proportion  ; cod  and  pilchards  were 
alfo  brought  to  market,  and  filhes  refembling  trout. 
From  all  this  it  may  be  inferred  that  this  gulf  is  full  of 
filh  ; the  banks  too  are  covered  with  ftiells. 

The  quantity  of  mother-of-pearl  that  thefe  Indians 
cut  to  pieces  for  making  ear-rings  awakened  the  curio- 
fity  of  the  Spaniards : they  tried  to  difeover  whether 
thefe  people  had  not  in  their  pofleffion,  or  whether  their 
country  did  not  produce  pearls,  or  fome  precious  Hones : 
their  refearches  were  fruitlefs,  they  only  found  fome 
ftones  which  they  judged  to  be  metallic,  and  which  they 
carried  on  board,  not  having  the  neceflary  means  for 
extracting  the  metal  they  might  contain. 

Thefe  Indians  feed  upon  filh,  frelh  or  dry,  boiled  or 
roafted ; herbs  and  roots  which  their  mountains  yielded 

them. 
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ever  after  kept  up  a very  cordial  and  friendly  corre- 
fpondence  ; though,  it  is  believed,  they  never  from 
that  time  had  a perfonal  interview. 

During  the  time  that  Cullen  praflifed  as  a country 
furgeon  and  apothecary,  he  formed  another  connexion 
of  amore  permanent  kind,  which,  happily  for  him,  was 
not  dilfolved  till  a very  late  period  ol  his  life.  With 
the  ardour  of  difpofition  he  polfelfed,  it  cannot  be  fup- 
pofed  he  beheld  the  fair  fex  with  indifference.  Very 
early  in  life  he  took  a llrong  attachment  to  an  amiable 
Woman,  a Mifs  Johnfton,  daughter  to  a clergyman  in 
that  neighbourhood,  nearly  of  his  own  age,  who  was 
prevailed  on  to  join  with  him  in  the  facred  bonds  of 
wedlock,  at  a time  when  he  had  nothing  elfe  to  recom- 
mend him  to  her  except  his  perfon  and  difpofitions  ; for 
as  to  riches  and  poffeffions  he  had  little  of  ihefe  to  boa  ft 
of.  She  was  beautiful,  had  great  good  fenfe,  equani- 
mity of  temper,  an  amiable  difpofition,  and  elegance  of 
manners,  and  brought  with  her  a little  money,  which, 
though  it  would  be  accounted  nothing  now,  was  fome- 
-thing.in  thofe  days  to  one  in  his  fituation  in  life.  After 
giving  to  him  a numerous  family,  and  participating 
with  him  the  changes  of  fortune  which  he  experienced, 
fhe  peacefully  departed  this  life  in  fummer  1786. 

In  the  year  1746,  Cullen,  who  had  now  taken  the 
degree  of  dodtor  in  phyfic,  was- appointed  a ledurcr  in 
chemiftry  in  the  Univerfity  of  Glafgow  ; and  in  the 
month  of  Odlober  began  his  ledlures  in  that  fcience. 
His  lingular  talents  for  arrangement,  his  diftindtnefs  of 
enunciation,  his  vivacity  of  manner,  and  his  knowledge 
ef  the  fcience  he  taught,  rendered  his  ledlures  intereft- 
ing  to  the  ftudents  to  a degree  that  had  been  till  then 
unknow'n  at  that  univerfity.  He  became,  therefore,  in 
fome  meafure,  adored  by  the  ftudents.  The  former 
profefTors  were  eclipfed  by  the  brilliancy  of  his  reputa- 
tion ; and  he  had  to  experience  all  thofe  little  rubs  that 
envy  and  difappointed  ambition  naturally  threw  in  his 
way.  Regardlefs,  however,  of  thefe  fecret  chagreens, 
he  preffed  forward  with  ardour  in  his  literary  career ; 
and,  fupported  by  the  favour  of  the  public,  he  confoled 
himfelf  for  the  contumely  he  met  with  from  a few  indivi- 
duals. His  pradlice  as  a phyfician  increafed  from  day 
to  day ; and  a vacancy  having  occurred  in  the  year 
1751,  he  was  then  appointed  by  the  king  profeffor  of 
medicine  in  that  univerfity.  This  new  appointment 
ferved  only  to  call  forth  his  powets,  and  to  bring  to 
light  talents  that  it  was  not  formerly  known  he  pofTef- 
fed  ; fo  that  his  fame  continued  to  increafe. 

As,  at  that  period,  the  patrons  of  the  univerfity  of 
Edinburgh  were  conftantly  on  the  watch  for  the  moll 
eminent  medical  men  to  fupport  the  riling  fame  of  the 
college,  their  attention  was  foon  diredled  towards  Cul- 
len ; who  on  the  death  of  Dr  Plumber,  profeffor  of 
chemiftry,  was,  in  1756  unanimoufly  invited  to  accept 
the  vacant  chair.  This  invitation  he  accepted  ; and  ha- 
ving refigned  all  his  employments  in  Glafgow,  he  be- 
gan his  academical  career  in  Edinburgh  in  the  month 
of  Oiftober  of  that  year,  and  there  he  rcfided  till  his 
death. 

If  the  admIQion  of  Cullen  Into  the  univerfity  of  Glaf- 
gow gave  great  fpirit  to  the  exertions  of  the  ftudents, 
this  was  ftill,  if  poflible,  more  ftrongly  felt  in  Edin- 
burgh. Chemiftry,  which  had  been  till  that  time  of 
fmall  account  in  that  univerfity,  and  was  attended  to  by 
very  few  of  the  ftudents,  inftantly  became  a favourite 


ftudy  ; and  the  leiftures  upon  that  fcience  were  more 
frequented  than  any  others  in  the  univerfity,  anatomy 
alone  excepted.  The  ftudents,  in  general,  fpoke  of 
Cullen  with  the  rapturous  ardour  that  is  natural  to 
youth  when  they  are  highly  pleafed.  Thefe  eulogiums 
appeared  extravagant  to  moderate  men,  and  could  rot 
fail  to  prove  difgufting  to  his  colleagues.  A party  was 
formed  among  the  ftudents  for  oppofing  this  new  fa- 
vourite of  the  public  ; and  thefe  ftudents  by  mifrepre- 
fenting  the  doArines  of  Cullen  to  others  who  could  not 
have  an  opportunity  of  hearing  thefe  dodtrines  them- 
feices,  made  even  fome  of  the  moft  Intelligent  men  in  the 
univerftty  think  it  their  duty  publicly  to  oppofe  thefe 
imaginary  tenets.  The  ferment  was  thus  augmented  ; 
and  it  was  fome  time  before  the  profefTors  difeovered 
the  arts  by  which  they  had  been  impofed  upon,  and 
univerfal  harmony  reftored. 

During  this  time  of  public  ferment  Cullen  went 
fteadily  forward,  without  taking  any  part  himfelf  in 
thefe  difputes.  He  never  gave  ear  to  any  tales  refpedl- 
ing  his  colleagues,  nor  took  any  notice  of  the  dodlrines 
they  taught : That  fome  of  their  unguarded  ftrldtures 
might  at  times  come  to  his  knowledge,  is  not  Impoffi- 
ble  ; but  if  they  did,  they  feemed  to  make  no  Impreffion 
on  Iris  mind. 

Thefe  attempts  of  a party  of  ftudents  to  lov/er  the 
charadfer  of  Cullen  on  his  firft  outfet  in  the  univerfity 
of  Edinburgh  having  proved  fruitlefs,  his  fame  as  a 
profetTor,and  his  reputation  as  a phyfician,  became  more 
and  more  refpedled  every  day.  Nor  could  it  well  be 
otherwife ; Cullen’s  profeffional  knowledge  was  always 
great,  and  his  manner  of  ledturing  fingularly  clear  and 
intelligible,  lively  and  entertaining  ; and  to  his  patients, 
his  condudl  in  general  as  a phyfician  wasfo  pleafing,  his 
addrefs  fo  affable  and  engaging,  and  his  manner  fo  open, 
fd  kind,  and  fo  little  regulated  by  pecuniary  confidera- 
tions,  that  it  was  impoffible  for  thofe  who  had  occafion  to 
call  once  for  his  medical  affiftance,  ever  to  be  fatisfied 
on  any  future  occafion  without  it.  He  became  the 
friend  and  companion  of  every  family  he  vifited  ; and 
his  future  acqu-aintance  could  not  be  difpenfed  with. 

But  if  Dr  Cullen  in  his  public  capacity  deferved  to 
hs  admired,  in  his  private  capacity  by  his  ftudents  he  de- 
ferved to  be  adored.  His  condudl  to  them  was  fo  at- 
tentive, and  the  intereft  he  took  in  the  private  concerns 
of  all  thofe  ftudents  who  applied  to  him  for  advice,  was 
fo  cordial  and  fo  warm,  that  it  was  impoffible  for  any 
one  who  had  a heart  fufceptlble  of  generous  emotions, 
not  to  be  enraptured  with  a condudl  fo  uncommon  and 
fo  kind.  Among  ingenuous  youth,  gratitude  eafily 
degenerates  into  rapture — into  fefpedl  nearly  allied  to 
adoration.  Thofe  who  advert  to  this  natural  conftru®- 
tion  of  the  human  mind,  will  be  at  no  lofs  to  account 
for  that  popularity  that  Cullen  enjoyed — a popula- 
rity, that  thofe  who  attempt  to  weigh  every  occur- 
rence by  the  cool  ftandard  of  reafon  alone,  will  be  in- 
clined to  think  exceffive.  It  is  fortunate,  however, 
that  the  bulk  of  mankind  will  ever  be  influenced  In  their 
judgment  not  lefs  by  feelings  and  affedlions  than  by 
the  cold  and  phlegmatic  didla'tes  of  reafon.  The  ado- 
ration which  generous  condudl  excites,  is  the  reward 
which  nature  hath  appropriated  exclufively  to  difinte- 
refted  beneficence.  This  was  the  fecret  charm  that 
Cullen  ever  carried  about  with  him,  which  fafcinated 
filch  numbers  of  thofe  who  had  intimate  accefs  to  him. 
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Cullen.  This  was  the  power,  which  his  envious  opponents  never 
could  have  an  opportunity  of  feeling. 

The  general  condudl  of  Cullen  to  his  ftudents  was 
thus.  With  all  fuch  as  he  obferved  to  be  attentive  and 
diligent,  he  formed  an  early  acquaintance,  by  inviting 
them  by  twos,  by  threes,  or  by  fours  at  a time,  to  fup 
with  him,  converfing  with  them  on  thefe  occafions  with 
the  mod  engaging  eafe,  and  freely  entering  with  them 
on  the  fubjedls  of  their  Rudies,  their  amufements,  their 
difficulties,  their  hopes,  and  future  profpedts.  In  this 
way,  he  ufually  invited  the  whole  of  his  numerous  clafs, 
till  he  made  himfelf  acquainted  with  their  abilities,  their 
private  charader,  and  their  objeds  of  purfuit.  Thofe 
among  them  whom  he  found  moft  affiduous,  beft  dif- 
pofed,  or  the  mofl;  friendlefs,  he  invited  the  mofl;  fre- 
quently, till  an  intimacy  was  gradually  formed,  which 
proved  highly  beneficial  to  them.  Their  doubts,  with 
regard  to  their  objeds  of  Rudy,  he  liRened  to  with  at- 
tenticn,  and  folved  with  the  moR  obliging  condefeen- 
fion.  His  library,  which  confiRed  of  an  excellent  af- 
fortment  of  the  beR  books,  efpecially  on  medical  fub- 
jeds,  was  at  all  times  open  for  their  accommodation  ; 
and  his  advice  in  every  cafe  of  difficulty  to  them  they 
always  had  it  in  their  power  moR  readily  to  obtain. 
They  feemed  to  be  his  family  ; and  few  perfons  of  dif- 
tinguiRied  merit  have  left  the  univerfity  of  Edinburgh 
in  his  time  with  whom  he  did  not  keep  up  a corre- 
fpondence  till  they  were  fairly  eRabllRied  in  biifinefs. 
By  thefe  means  he  came  to  have  a moft  accurate  know- 
ledg.^  of  the  ftate  of  every  country,  with  refped  to 
praditioners  in  the  medical  line  ; the  only  ufe  he  made 
of  which  knowledge,  was  to  dired  the  ftudents  in  their 
choice  of  places  where  they  might  have  an  opportu- 
nity of  engaging  in  bufinefs  with  a reafonable  profped 
of  iuccefs.  Many,  very  many,  able  men  has  he  thus  put 
into  a good  line  of  buRnefs  where  they  never  could  have 
thought  of  it  themfelves,  and  they  are  now  reaping  the 
fruits  of  this  beneficent  forefight  on  his  part. 

Nor  was  it  In  this  way  only  that  he  befriended  the 
ftudents  at  the  univerfity  at  Edinburgh.  Poffeffing  a 
benevolence  of  mind  th  it  made  him  ever  think  firft  of 
the  wants  of  others,  and  recolleding  the  difficulties 
that  he  himfelt  had  had  to  ftruggle  with  in  his  younger 
days,  he  was  at  all  times  fingularly  attentive  to  their  pe- 
cuniary concerns.  From  his  general  acquaintance  a- 
mong  the  ftudents,  and  the  friendly  habits  he  was  on 
with  many  of  them,  he  found  no  difficulty  in  difeover- 
ing  thoie  among  them  who  were  rather  in  hampered 
circumftances,  without  being  obliged  to  hurt  their  de- 
licacy in  any  degree.  To  fuch  perfons,  when  their 
habits  of  ftudy  admitted  of  it,  he  was  peculiarly  at- 
tentive. They  were  more  frequently  invited  to  his 
houfe  than  others  ; they  were  treated  with  more  than 
ufual  kindnefs  and  familiarity  ; they  were  condufled  to 
his  library,  and  encouraged  by  the  moft  delicate  addrefs 
to  borrow  from  it  freely  whatever  books  he  thought 
they  had  occafion  for  ; and  as  perfons  in  thefe  circum- 
ftances were  ufually  more  fliy  in  this  refpefl:  than  others, 
books  were  fometimes  prelfed  upon  them  as  a fort  of 
conftraint,  by  the  Dodlor  infifting  to  have  their  opinion 
of  fuch  or  fuch  paifages  they  had  not  read,  and  defiring 
them  to  carry  the  book  home  for  that  purpofe.  He, 
in  ftiort,  behaved  to  them  rather  as  if  he  courted  their 
company,  and  ftood  in  need  of  their  acquaintance  than 
they  of  his.  He  thus  raifed  them  in  tiie  opinion  of 
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their  acquaintance  to  a much  higher  degree  of  eftima-  CuKeii 
tion  than  they  could  otherwife  have  obtained  ; which, 
to  people  whofe  minds  were  deprefled  by  penury,  and 
whofe  fenfe  of  honour  was  fiiarpened  by  the  confeiouf- 
nefs  of  an  inferiority  of  a certain  kind,  was  fingularly 
engaging.  Thus  they  were  Infpired  with  a feeret  fenfe 
of  dignity,  which  elevated  their  minds,  and  excited  an 
uncommon  ardour  of  purfuit,  inftead  of  that  melancho- 
ly inadivity  which  is  fo  natural  in  fuch  circumftances, 
and  which  too  often  leads  to  defpair.  Nor  was  he  lefs 
delicate  in  the  manner  of  fupplying  their  wants,  than 
attentive  to  difeover  them.  He  often  found  out  fome 
polite  excufe  for  refufing  to  take  payment  for  a firft 
courfe,  and  never  was  at  a lofs  for  one  to  an  after  courfe. 

Before  they  could  have  an  opportunity  of  applying  for 
a ticket,  he  would  fometimes  lead  the  converlhti<'n  to 
fome  fubjcfl  tliat  occurred  in  the  courfe  cfhis  ledlures; 
and  as  his  ledures  were  never  put  in  writing  by  him- 
felf, he  would  fometimes  beg  the  favour  to  fee  their 
notes,  if  he  knew  they  had  been  taken  with  attention, 
under  a pretext  ofaffilling  his  memory.  Sometimes  he 
would  exprefs  a wifli  to  have  their  opinion  of  a particu- 
lar part  of  his  courfe,  and  prefented  them  with  a ticket 
for  that  purpofe  ; and  fometimes  he  refufed  to  take 
payment,  under  the  pretext  that  they  had  not  received 
his  full  courfe  the  pi  eceding  year,  fome  part  of  it  ha- 
ving been  necefiarily  omitted  for  want  of  time,  which 
he  meant  to  include  in  this  courfe.  By  fuch  delicate 
addrefs  in  which  he  greatly  excelled,  he  took  care  to 
forerun  their  wants.  Thus  he  not  only  gave  them  the 
benefit  of  his  own  ledures,  but  by  refufing  to  take 
their  money,  he  alfo  enabled  them  to  attend  thofe  of 
others  that  were  neceftary  to  complete  their  courfe  of 
ftudies.  Thefe  were  particular  devices  he  adopted  to 
individuals  to  whom  economy  was  neceftary  ; but  it 
was  a general  rule  with  him  never  to  take  money  from 
any  ftudent  for  more  than  two  courfes  of  the  fame  fet 
of  ledures,  permitting  him  to  attend  thefe  ledures  as 
many  years  longer  as  he  pleafed  gratis. 

He  introduced  another  general  rule  into  the  univer- 
fity, that  was  didated  by  the  fame  principle  of  difin- 
terefted  beneficence,  that  ought  , not  to  be  here  paf- 
fed  over  in  filence.  Before  he  came  to  Edinburgh,  it 
was  the  cuftom  of  medical  profeffors  to  accept  of  fees 
for  their  medical  affiftance  when  wanted,  even  from 
medical  ftudents  themfelves,  who  were  perhaps  attend- 
ing the  profeftbr’s  own  ledures  at  the  time.  But  Cul- 
len never  would  take  fees  as  a phyfician  from  any  ftu- 
dent at  the  univerfity,  though  he  attended  them,  when 
called  in  as  a phyfician,  with  the  fame  affiduity  and 
care  as  if  they  had  been  perfons  of  the  firft  rank,  who 
paid  him  moft  liberally.  This  gradually  induced  others 
to  adopt  a fimilar  pradice  ; fo  that  it  is  now  become  a 
general  rule  for  medical  profeftors  to  decline  taking  any 
fees  when  their  affiftance  is  neceftary  to  a ftudent.  For 
this  ufeful  reform,  with  many  others,  the  ftudents  of 
the  univerfity  of  Edinburgh  are  folely  indebted  to  the 
liberality  of  Dr  Cullen. 

The  firft  ledures  which  Cullen  delivered  in  Edin- 
burgh were  on  chemiftry  ; and  for  many  years  he  alfo 
gave  clinical  ledures  on  the  cafes  which  occurred  in  the 
royal  infirmary.  In  the  month  of  February,  1763, 

Dr  Alfton  died,  after  having  begun  his  ufual  C(mrfe  of 
ledures  on  the  materia  medica  ; and  the  magiftrates  of 
Edinburgh,  as  patrons  of  that  profelTorlhip  in  the  uni- 
verfity. 
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Cullen,  verfity,  appointed  Dr  Cullen  to  that  chair,  requefting 
that  he  would  finifli  the  courfe  of  leftures  that  had  been 
begun  for  that  feafon ; this  he  agreed  to  do  ; and 
though  he  was  under  a necelllcy  of  going  on  with  the 
courfe  in  a few  days  after  be  was  nominated,  he  did  not 
once  think  of  reading  the  ledlures  of  his  predecelTor, 
but  refolved  to  deliver  a new  courfe  entirely  his  own. 
The  popularity  of  Cullen  at  this  time  may  be  guefled 
at  by  the  increafe  of  new  (tudents  who  came  to  attend 
his  courfe  in  "addition  to  the  eight  or  ten  who  had  en- 
tered to  Dr  Alfton.  The  new  ftudents  exceeded  loo. 
An  imperfedt  copy  of  thefe  ledtures  thus  fabricated  in 
hade,  having  been  publilhed,  the  Dodtor  thought  it  ne- 
ceffary  to  give  a more  corredt  edition  of  them  in  the 
latter  part  of  his  life.  But  his  faculties  being  then 
much  impaired,  his  friends  looked  in  vain  for  thofe  ftri- 
king  beauties  that  charadterized  his  literary  exertions  in 
the  prime  of  life. 

Some  years  afterwards,  on  the  death  of  Dr  White, 
the  magidrates  once  more  appointed  Dr  Cullen  to  give 
ledlures  on  the  theory  of  phyfic  in  his  dead.  And  it 
was  on  that  occafion  Dr  Cullen  thought  it  expedient  to 
refign  the  chemical  chair  in  favour  of  Dr  Black,  his 
former  pupil,  whofe  talents  in  that  department  of  fcience 
were  then  well  known,  and  who  has  filled  the  chair  ever 
fince  with  great  fatisfadtion  to  the  public.  Soon  after, 
on  the  death  of  Dr  Rutherford,  who  for  many  years 
had  given  ledlures  with  applaufe  on  the  pradlice  of  phy- 
fic, Dr  John  Gregory,  (whofe  name  can  never  be  men- 
tioned by  any  one  who  had  the  pleafure  of  his  acquain- 
tance, without  the  warmed  tribute  of  a grateful  refpedt) 
having  become  a candidate  for  this  place  along  with  Dr 
Cullen,  a fort  of  compromife  took  place  between  them, 
by  which  they  agreed  each  to  give  ledlures  alternately 
on  the  theory  and  on  the  pradlice  of  phyfic  during 
their  joint  lives,  the  longed  furvivor  being  allowed  to 
hold  either  of  the  clades  he  (hould  incline.  In  confe- 
quence  of  this  agreement  Dr  Cullen  delivered  the  JirJi 
courfe  of  ledlures  on  the  pradlice  of  phyfic  in  winter 
1766,  and  Dr  Gregory  fucceeded  him  in  that  branch 
the  following  year.  Never  perhaps  did  a literary  ar- 
rangement take  place  that  could  have  proved  more  be- 
neficial to  the  dudents  than  this.  Both  thefe  men  pof- 
fdfedgreat  talents,  though  of  a kind  extremely  diflimi- 
lar.  Both  of  them  had  certain  failings  or  defers,  which 
the  other  was  aware  of,  and  counteradled.  Each  of 
them  knew  and  refpedled  the  talents  of  the  other.  They 
co-operated,  therefore,  in  the  happied  manner,  to  en- 
large the  underdanding,  and  to  forward  the  purfuits  of 
their  pupils.  Unfortunately  this  arrangement  was 
foon  deftroyed  by  the  unexpe<ded  death  of  Dr  Gregory, 
who  was  cut  ofl[  in  the  flower  of  life  by  a fudden  and 
unforefeen  event.  After  this  time,  Cullen  continued 
to  give  lectures  on  the  pradlice  of  phyfic  till  a few 
months  before  his  death,  which  happened  on  the  5th 
of  February  1790,  in  the  77th  year  of  his  age. 

In  drawing  the  charadler  of  Dr  Cullen,  Dr  Ander- 
fon,  to  whom  we  are  indebted  for  this  (ketch,  obferves, 
that  in  fcientific  purfuits  men  may  be  arranged  into 
two  grand  clafles,  which,  though  greatly  different  from 
each  otner  in  their  extremes,  yet  approximate  at  times 
lb  near  as  to  be  blended  indiferiminately  together ; 
thofe  who  poffefs  a talent  for  detail,  and  thofe  who  are 
endowed  with  the  faculty  of  arrangement.  The  firft 
may  be  faid  to  view  objedls  individually  as  through  a 
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microfeope.  The  field  of  vlfion  is  confined  ; but  the 
objedls  included  within  that  field,  which  muft  ufually 
be  confidered  fingly  and  apart  from  all  others,  are  feen 
with  a wondrous  degree  of  accuracy  and  diftinflnefs. 
The  other  takes  a fweeping  view  of  the  univerfe  at 
large,  confiders  every  objed  he  perceives,  not  individu- 
ally,  but  as  a part  of  one  harmonious  whole:  His  mind 
is  therefore  not  fo  much  employed  in  examining  the  fe- 
parate  parts  of  this  individual  objed,  as  in  tracing  its 
relations,  connedions,  and  dependencies,  on  thofe  a- 
round  it. — Such  was  the  turn  of  Cullen’s  mind.  The 
talent  for  arrangement  was  that  which  peculiarly  dif- 
tinguiflied  him  from  the  ordinary  clafs  of  mortals  ; and 
this  talent  he  poffeffed  perhaps  in  a more  dtftinguiflied 
degree  than  any  other  perfon  of  the  age  in  which  he 
lived.  Many  perfons  exceeded  him  in  the  minute 
knowledge  of  particular  departments,  who,  knowing 
this  naturally  looked  upon  him  as  their  inferior  ; but 
poffefling  not  at  the  fame  time  that  glorious  faculty, 
which,  “ w'ith  an  eye  wide  roaming,  glances  from  the 
earth  to  heaven,”  or  the  charms  which  this  talent  can 
infufe  into  congenial  minds,  felt  difguft  at  the  pre-emi- 
nence he  obtained,  and  aftonifhment  at  the  means  by 
which  he  obtained  it.  An  Ariftotle  and  a Bacon  have 
had  their  talents  in  like  manner  appreciated  ; and  many 
are  the  perfons  who  can  neither  be  exalted  to  fublime 
ideas  with  Homer,  nor  ravifhed  with  the  natural  touches 
of  a Shakefpeare.  Such  things  are  wifely  ordered,  that 
every  department  in  the  univerfe  may  be  properly  filled 
by  thofe  who  have  talents  exa<Sly  fuited  to  the  talk 
afligned  them  by  heaven. 

Had  Cullen,  however,  poffeffed  the  talents  for  ar- 
rangement alone,  fmall  would  have  been  his  title  to 
that  high  degree  of  applaufe  he  has  attained.  With- 
out a knowledge  of  fails,  a talent  for  arrangement  pro- 
duces nothing  but  chimeras  ; without  materials  to  work 
upon,  the  ftrudlures  which  an  over  heated  imagination 
may  rear  up  are  merely  **  the  bafelefs  fabric  of  a vifion.” 
No  man  was  more  fenfible  of  the  jullnefs  of  this  remark 
than  Dr  Cullen,  and  few  were  at  greater  pains  to  avoid 
it.  His  whole  life,  indeed,  was  employed,  almoft  with- 
out interruption,  in  colle(5ling  fa<5ls.  Whether  he  w'as 
reading,  or  walking,  or  converfmg,  thefe  were  continu- 
ally falling  into  his  way.  With  the  keen  perception  of 
an  eagle,  he  marked  them  at  the  firft  glance;  and  with- 
out ftopping  at  the  time  to  examine  them,  they  were 
ftored  up  in  his  memory,  to  be  drawn  forth  as  occafion 
required,  to  be  confronted  with  other  facfls  that  had 
been  obtained  after  the  fame  manner,  and  to  have  their 
truth  afeertained,  or  their  falfity  proved,  by  the  evi- 
dence which  fhould  appear  when  carefully  examined  at 
the  impartial  bar  of  juftice.  Without  a memory  reten- 
tive in  a Angular  degree,  this  could  not  have  been  done; 
but  fo  very  extraordinary  was  Dr  Cullen’s  memory, 
that  till  towards  the  very  decline  of  life,  there  was 
fcarcely  a fact  that  had  ever  occurred  to  him  which  he 
could  not  readily  recollect,  with  all  its  concomitant  cir- 
cumftances,  whenever  he  had  occafion  to  refer  to  it. 
It  was  this  faculty  which  fo  much  abridged  his  labour 
in  ftudy,  and  enabled  him  fo  happily  to  avail  himfelf  of 
the  labour  of  others  in  all  his  literary  fpeculalions.  He 
often  reaped  more  by  the  converfation  of  an  hour  than 
another  man  would  have  done  in  whole  weeks  of  labo- 
rious ftudy. 

In  his  preledlons,  Dr  Cullen  never  attempted  to 
3 Z read. 


Cullen- 


c U L E 534  ] C U L 


Cnllen.  read.  His  leflures  were  delivered  viva  voce,  without 
having  been  previoufly  put  into  writing,  or  thrown  in- 
to any  particular  arrangement.  The  vigour  of  his  mrad 
was  fuch,  that  nothing  more  was  necellary  than  a few 
fhort  notes  before  him,  merely  to  prevent  him  from  va- 
rying from  the  general  order  he  had  been  accuftomed 
to  obferve.  This  gave  to  his  difcourfes  an  eafe,  a vi- 
vacity, a variety,  and  a force,  that  are  rarely  to  be  met 
with  in  academical  difcourfes.  His  ledlures,  by  confe- 
quence,  upon  the  fame  fubjedl:  were  never  exadtly  the 
fame.  Their  general  tenor  indeed  was  not  much  va- 
ried ; but  the  particular  illuflrations  were  always  new, 
well  fuited  to  the  circumftances  that  attradled  the  ge- 
neral attention  of  the  day,  and  were  delivered  in  the 
particular  way  that  accorded  with  the  eaft  of  mind  the 
preledlor  found  himfelf  in  at  the  time.  To  thefe  cir- 
cumftances muft  be  afcribed  that  energetic  artlefs  elo- 
cution, which  rendered  his  leftures  fo  generally  capti- 
vating to  his  hearers.  Even  thofe  who  could  not  fol- 
low him  in  thofe  extenfive  views  his  penetrating  mind 
glanced  at,  or  who  w'ere  not  able  to  underftand  thofe 
apt  alluftons  to  collateral  objefts  which  he  could  only  ra- 
pidly point  at  as  he  went  along,  could  not  help  being 
warmed  in  fume  meafure  by  the  vivacity  of  his  manner. 
But  to  thofe  who  could  follow  him  in  his  rapid  career, 
the  ideas  he  fuggefted  were  fo  numerous,  the  views  he 
laid  open  were  fo  extenfive,  and  the  objedts  to  be  at- 
tained were  fo  important — that  every  aftive  faculty  of 
the  mind  was  roufed  ; and  fuch  an  ardour  of  enthufiafm 
was  excited  in  the  profecution  of  ftudy,  as  appeared  to 
be  perfedtly  inexplicable  to  thofe  who  were  merely  un- 
concerned fpedlators.  In  confequence  of  this  unfhack- 
led  freedom  in  the  compofition  and  delivery  of  his  lec- 
tures, every  circumftance  was  in  the  niceft  unifon  with 
the  tone  of  voice  and  exprelTion  of  countenance,  which 
the  particular  caft  of  mind  he  was  in  at  the  time  infpi- 
red.  Was  he  joyous,  all  the  figures  introduced  for  il- 
luftration  were  fitted  to  excite  hilarity  and  good  hu- 
mour : was  he  grave,  the  objedts  brought  under  view 
W'ere  of  a nature  more  folemn  and  grand  : and  was  he 
peevifti,  there  w'as  a peculiarity  of  manner  in  thought, 
in  w'ord,  and  in  adlion,  which  produced  a moft  ftriking 
and  interefting  effedl.  The  languor  of  a nervelefs  uni- 
formity W'as  never  experienced,  nor  did  an  abortive  at- 
tempt to  excite  emotions  that  the  fpeaker  himfelf  could 
not  at  the  time  feel,  ever  produce  thofe  difcordant  ideas 
which  prove  difgufting  and  unpleafing. 

It  would  feem  as  if  Dr  Cullen  had  confidered  the 
proper  bufinefs  of  a preceptor  to  be  that  of  putting  his 
pupils  into  a proper  train  of  ftudy,  fo  as  to  enable  them 
to  profecute  thofe  ftudies  at  a future  period,  and  to  car- 
ry them  on  much  farther  than  the  ftiort  time  allowed 
for  academical  preledlions  would  admit.  He  did  not, 
therefore,  fo  much  ftrive  to  make  thofe  who  attended 
his  ledures  deeply  verfed  in  the  particular  details  of 
objefts,  as  to  give  them  a general  view  of  the  whole 
fubjed ; to  ftiew  what  had  been  already  attained  re- 
fpeding  it ; to  point  out  what  remained  yet  to  be  dif- 
covered ; and  to  put  them  into  a train  of  ftudy  that 
ftiould  enable  them,  at  a future  period,  to  remove  thofe 
difficulties  that  had  hitherto  obftrufled  our  progrefs  | 
and  thus  to  advance  of  themfelves  to  farther  and  far- 
ther degrees  of  perfedtion.  If  thefe  were  his  views, 
nothing  could  be  more  happily  adapted  to  them  than 
the  mode  he  invariably  purfued.  He  firft  drew,  with 
the  ftriking  touches  of  a raafter,  a rapid  and  general  out- 


line of  the  fubjedl,  by  which  the  whole  figure  was  Teen  Cullen 
at  once  to  ftart  boldly  from  the  canvas,  diftindt  in  all 
its  parts,  and  unm^xed  with  any  other  objedl.  He  then 
began  anew  to  retrace  the  pidlure,  to  touch  up  the  lef- 
fer  parts,  and  to  finifti  the  whole  in  as  perfedt  a manner 
as  the  ftate  of  our  knowledge  at  the  time  would  permit. 

Where  materials  were  wanting,  the  pidlure  there  conti- 
nued to  remain  imperfedl.  The  wants  were  thus  ren- 
dered obvious  ; and  the  means  of  fupplying  thefe  were 
pointed  out  with  the  moft  careful  difcrimination.  The 
ftudent,  whenever  he  looked  back  to  the  fubjedl,  per- 
ceived the  defedls ; and  his  hopes  being  awakened,  he 
felt  an  irrefiftible  impulfe  to  explore  that  hitherto  un- 
trodden path  which  had  been  pointed  out  to  him,  and 
fill  up  the  chafm  which  ftill  remained.  Thus  were  the 
adlive  faculties  of  the  mind  moft  powerfully  excited  ; 
and  inftead  of  labouring  himfelf  to  fupply  deficiencies 
that  far  exceeded  the  power  of  any  one  man  to  accom- 
plifh,  he  fet  thoufands  at  work  to  fulfil  the  talk,  and 
put  them  into  a train  of  going  on  with  it,  when  he  him- 
felf fliould  be  gone  to  that  country  “ from  whofe  dread 
bourne  no  traveller  returns.” 

It  was  to  thefe  talents,  and  to  this  mode  of  applying 
them,  that  Dr  Cullen  owed  his  celebrity  as  a profeffor ; 
and  it  was  in  this  manner  that  he  has  perhaps  done 
more  towards  the  advancement  of  fcience  than  any 
other  man  of  his  time,  though  many  individuals  might 
perhaps  be  found  who  were  more  deeply  verfed  in  the 
particular  departments  he  taught  than  he  himfelf  was, 
Chemiftry,  which  was  before  his  time  a moft  difgufting 
purfuit,  wvas  by  him  rendered  a ftudy  fo  pleafing,  fo  ea- 
fy,  and  fo  attrailive,  that  it  is  now  profecuted  by  num-, 
bers  as  an  agreeable  recreation,  who  but  for  the  lights 
that  were  thrown'  upon  it  by  Cullen  and  his  pupils, 
would  never  have  thought  of  engaging  in  it  at  all ; 
though  perhaps  they  never  heard  of  Cullen’s  name,  nor 
have  at  this  time  the  moft  diftant  idea  that  they  owe 
any  obligations  to  him  ; and  the  fame  may  be  laid  of 
the  other  branches  of  fcience  which  he  taught. 

According  to  a man  who  knew  him  well,  there  are 
three  things  which  eminently  diftinguiftied  Cullen  as  a 
profefibr.  “ The  energy  of  his  mind,  by  which  he 
viewed  every  fubjedl  with  ardour,  and  combined  it  im- 
mediately with  the  whole  of  his  knowledge. 

“ The  fcientific  arrangement  which  he  gave  to  his 
fubjedl,  by  which  there  was  a lucfdus  ordo  to  the  dulleft 
fcholar.  He  was  the  firft  perfon  in  this  country  who 
made  chemiftry  ceafe  to  be  a chaos. 

“ A wonderful  art  of  interefting  the  ftudents  in 
every  thing  which  he  taught,  and  of  raifing  an  emula- 
tive enthufiafm  among  them.” 

We  are  well  aware  that  this  charadter  will  by  many 
be  deemed  an  extravagant  panegyric  ; but  having  no 
opportunity  of  judging  for  ourfelves,  we  would  rather 
adopt  from  others  an  extravagant  panegyric  than  an 
unmerited  cenfure.  Dr  Anderfou  himfelf  admits  that 
Cullen’s  eharadler  was  far  from  perfedl ; and,  in  the 
opinion  of  moft  other  men  with  whom  we  have  conver- 
fed  on  the  fubjedl,  and  who  were  at  the  fame  time  qua- 
lified to  form  an  eftimate  of  his  mental  powers,  his  ima- 
gination was  not  balanced  by  his  judgment.  Hence 
the  common  remark  in  the  univerfity  of  Edinburgh, 
that  Dr  Cullen  was  more  fuccefsful  in  demoliffiing  the 
theories  of  others  than  in  giving  ftability  to  thofe 
which  were  reared  by  himfelf. 

Dr  Cullen’s  external  appearance,  though  ftriking  and 
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Cumfcer-  diftrlft;  and  between  the  two  firfl:  named  diftridls  and 
the  ftate  of  Kentucky.  The  ridge  is  about  30  miles 
CurLu-  exrends  from  Crow  creek,  on  Tenneflee 

Bell.  river  from  S.  W.  to  N.  E.  The  place  where  the  Ten- 
neflee  breaks  through  the  Great  ridge,  called  the 
Whirl  or  Such.,  is  250  miles  above  the  Mufcle  flioals. 
Limeftone  is  found  on  both  fides  the  mountain.  The 
mountain  confifts  of  the  molt  ftupendous  piles  of  crag- 
gy rocks  of  any  mountain  in  the  weftern  country.  In 
feveral  parts  of  it,  it  is  inacceflible  for  miles,  even  to 
the  Indians  on  foot.  In  one  place  particularly,  near 
the  fummit  of  the  mountain,  there  is  a moft  remarkable 
ledge  of  rocks  of  about  30  miles  in  length,  and  200 
feet  thick,  (hewing  a perpendicular  face  to  the  S.  E. 
more  noble  and  grand  than  any  artificial  fortification 
in  the  known  world,  and  apparently  equal  in  point  of 
regularitv. — ib. 

Cumberland  Rivers  called  by  the  Indians  “ Sha- 
wanee,”  and  by  the  French  “ Shavanon,”  falls  into 
the  Ohio  10  miles  above  the  mouth  of  Tenneflee  river, 
and  about  24  miles  due  E.  from  fort  MafTac,  and 
1113  below  Pittfburg.  It  is  navigable  for  large  veflels 
to  Nafhville  in  Tenneflee,  and  from  thence  to  the  mouth 
of  Obed's  or  Obas  river.  The  Caney  fork,  Harpeth, 
Stones,  Red,  and  Obcd’s,  are  its  chief  branches ; 
fome  of  them  are  navigable  to  a great  diftance. 

The  Cumberland  mountains  in  Virginia  feparate  the 
head  waters  of  this  river  from  thole  of  Clinch  river. 
It  runs  S.  W.  till  it  comes  near  the  S.  line  of  Kentuc- 
ky, when  its  courfe  is  wefterly,  in  general,  through 
Lincoln  co.  receiving  many  dreams  from  each  fide ; 
thence  it  flows  S.  W.  into  the  (late  of  TennelTee, 
where  it  takes  a winding  courfe,  inclofing  Sumner, 
Davidfon,  and  TennelTee  counties  ; afterwards  it  takes 
a N.  weftern  direfUon  and  re-enters  the  ftate  of  Ken- 
tucky ; and  from  thence  it  preferves  nearly  an  uniform 
diftance  from  Tenneflee  river  to  its  mouth,  where  it  is 
300  yards  wide.  It  is  200  yards  broad  at  Nalhvillc, 
and  its  whole  length  is  computed  to  be  above  450 
miles. — lb. 

Cumberland-River,  a place  fo  called,  where  a 
poft  office  is  kept,  in  TennelTee,  13  miles  from  Cum- 
berland mountain,  and  80  from  the  Crab-Orchard  in 
Kentucky. — ib. 

CUMMASHAWAS,  or  Cutnmajhaivaay  a found 
and  village  on  the  E.  fide  of  Walhington  ifland,  on 
the  N.  W.  coaft  of  N.  America.  The  port  is  capaci- 
ous and  fafe,  and  its  mouth  lies  in  53.  2.  30.  N.  lat. 
and  in  228.  22.  W.  long.  In  this  port  Capt.  Ingra- 
ham remained  fome  time ; and  he  obferves,  in  his 
journal,  that  here,  in  drredl  oppofition  to  moft  other 
parts  of  the  world,  the  women  maintained  a prece- 
dency to  the  men  in  every  point ; infomuch  that  a man 
dares  not  trade  without  the  concurrence  »f  his  wife ; 
and  that  he  has  often  been  witnefs  to  men’s  being 
abufed  for  parting  with  (kins  before  their  approbation 
was  obtained : and  this  precedency  often  occafioned 
much  difturbance. — ib. 

CUMMINGTON,  a townlhip  in  Hamplhire  co. 
Maflachufetts,  having  873  inhabitants;  lying  about 
20  miles  N.  Vf.  of  Northampton,  and  120  N.  W.  by 
W.  of  Bofton.  It  was  incorporated  in  1779. — ih.  . 

CURFEU-Beli.  (fee  Curfew,  Encycl.J,  called  in 
the  law  Latin  of  the  middle  ages  ignitegium  or  pyrite- 
and  in  French,  cuvre-/eu—\vsLs  a fignal  for  all 


perfons  to  extinguiflr  their  fires  at  a certain  hour.  In 
thofe  ages  people  made  fires  in  their  houfes  in  a hole  or 
pit  in  the  centre  of  the  floor,  under  an  opening  formed 
in  the  roof;  and  when  the  fire  waB  burnt  out,  or  the 
family  went  to  bed,  the  hole  was  Ihut  by  a cover  of 
wood  or  of  earth.  This  pradice  ftill  prevails  among 
the  cottagers  in  fome  parts  of  Scotland,  and  we  doubt 
not  of  other  countries.  In  the  dark  ages,  when  all 
ranks  of  people  were  turbulent,  a law  was  almoft  every- 
where eftablilhed,  that  the  fire  Ihould  be  extinguifhed 
at  a certain  time  in  the  evening ; that  the  cover  Ihould 
be  put  over  the  fire-place ; and  that  all  the  family 
Ihould  retire  to  reft,  or  at  leaft  keep  within  doors.  The 
time  when  this  ought  to  be  done  was  fignified  by  the 
ringing  of  a bell,  called  therefore  the  curfeu-bell  or 
ignitegium.  The  law  of  William  the  Conqueror,  which 
introduced  this  pradice  into  England,  as  has  been 
mentioned  in  the  Encyclopaedia,  was  abolilhed  by  Hen- 
ry I.  in  I too. 

The  ringing  of  the  curfeu-bell  gave  rife  to  the  pray- 
er bell,  as  it  is  called,  which  is  ftill  retained  in  fome 
Proteftant  countries.  Pope  John  XXIII.  with  a view 
to  avert  certain  apprehended  misfortunes,  which  ren- 
dered his  life  uncomfortable,  gave  orders,  that  every 
perfon,  on  hearing  the  ignitegium  Ihould  repeat  the  Ave 
Maria  three  times.  When  the  appearance  of  a comet, 
and  a dread  of  the  Turks,  afterwards  alarmed  all  Chrif- 
tendom.  Pope  Calixtus  III.  increafed  thefe  periodical 
times  of  prayer,  by  ordering  the  prayer-bell  to  be  rung 
alfo  at  noon.  BeckmanrC s Hijiory  of  Iwuentions. 

CURRITUCK  Co.  is  fituated  on  the  fea  coaft  of 
Edenton  diftrid,  N.  Carolina,  and  forms  the  N.  E. 
corner  of  the  ftate ; being  bounded  E.  by  Currituck 
found,  N.  by  the  ftate  of  Virginia,  S.  by  Albemarle 
found,  and  W.  by  Camden  co. ; containing  5219  in- 
habitants, of  whom  1103  arc  Haves.  Difinal  fwamp 
lies  in  this  county,  on  the  S.  fide  of  Albemarle  found, 
and  is  now  fuppofed  to  contain  one  of  the  moft  valua- 
ble rice  eftates  in  America.  In  the  midft  of  this  Dif- 
mal,  which  contains  upwards  of  350,000  acres,  is  a 
lake  of  about  1 1 miles  long  and  7 miles  broad.  A 
navigable  canal,  20  feet  wide  and  5^  miles  long,  con- 
neds  the  waters  of  the  lake  with  the  head  of  Skupper- 
nong  river.  About  500  yards  from  the  lake,  the  pro- 
prietors have  ereded  feveral  faw  mills  : and  as  the  wa- 
ter of  the  lake  is  higher  than  the  banks  of  the  canal, 
the  company  can  at  any  time  lay  under  water  about 
10,000  acres  of  rich  fwamp,  which  proves  admirably 
fitted  for  rice. — Morse. 

Currituck,  or  Caratuak,  a townlhip  in  the  dlftrld< 
of  Maine,  28  miles  above  Norridgewalk.  In  i79Z 
this  was  the  uppermoft  fettlement  on  Kennebeck  river, 
and  then  confifted  of  about  20  families. — ib. 

CURVE  OF  Equable  Approach.  It  was  firft 
propofed  by  Leibnitz,  namely,  to  find  a curve,  down 
which  a body  defeending  by  the  force  of  gravity  (hall 
make  equal  approaches  to  the  horizon  in  equal  portions 
of  time.  It  has  been  found  by  Bernoulli  and  others, 
that  the  curve  is  the  fecond  cubical  parabola,  placed 
with  its  vertex  uppermoft,  and  which  the  defeending 
body  muft  enter  with  a certain  determinate  velocity. 
Varignon  rendered  the  queftion  general  for  any  law  of 
gravity,  by  which  a body  may  approach  towards  a gi- 
ven point  by  equal  fpaces  in  equal  times.  And  Mau- 
pertuis  alfo  refolved  the  problem  in  the  cafe  of  a body 
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DAGELET,  the-iname  given  by  La  Peroufe,  the 
celebrated  though  unfortunate  navigator,  to  an  ifland 
on  the  coaft  of  Corea  (See  Corea  Encycl.)  Avhich  he 
difcovcred  in  the  year  1787.  It  is  little  more  than  three 
leagues  in  circumference  ; and  our  author  almoft  made 
its  circuit  at  the  diftance  of  a mile  without  finding  bot- 
tom. This  fmall  fpot  is  very  fteep,  but  covered  with 
the  fineft  trees  from  the  fea-fhore  to  the  fummit.  A 
rampart  of  bare  rock,  like  a wall,  encircles  the  whole 
outline  of  it,  with  the  exception  of  feven  little  fandy 
creeks  where  it  is  poflible  to  land.  In  thefe  creeks  the 
Frenchmen  faw  upon  the  flocks  fome  boats  of  a con- 
flruftion  altogether  Chinefe  ; but  the  fight  of  their 
Ihips  frightened  the  workmen,  who  fled  from  their 
dock-yard  into  the  wood,  which  was  not  more  than 
fifty  paces  diflant.  As  a few  huts  were  feen,  but  nei- 
ther villages  nor  cultivation,  La  Peroufe  concluded  that 
the  ifland  is  w’ithout  inhabitants,  and  that  the  men 
whom  he  faw  at  work  were  Corean  carpenters,  who  du- 
ring the  fummer  months  go  with  provifion  to  Dagelet 
for  the  purpofe  of  building  boats,  which  they  fell  upon 
the  continent.  He  places  the  north  eafl  point  of  this 
ifland  in  N.  Lat.  37®.  25'.  and  E.  Long.  129°.  2'.  from 
Paris. 

DAGSBOROUGH,  a pod  town  in  Suflex  co.  De- 
law'are,  fituated  on  the  N.  W.  bank  of  Peper’s  creek, 
a branch  of  Indian  river,  and  contains  about  40  houfes. 
It  is  19  miles  from  Broad  hill,  or  Clowes’,  and  127 
S.  from  Philadelphia. — Morse. 

DAIRY  is  a word  which  fignifies  fometimes  the  art 
of  making  various  kinds  of  food  from  milk  ; fometimes 
the  place  where  milk  is  manufaftured  ; and  fometimes 
the  management  of  a milk-farm.  On  the  dairy^  in  the 
firft  and  feeond  of  thefe  fenfes,  enough  has  been  faid  in 
the  Encyclopaedia  under  the  titles  Butter,  Cheese, 
and  Dairy  ; on  the  management  of  a milk-farm  that 
work  contains  nothing. 

When  a dairy  is  eflabliflied,  the  undertaker  may 
fometimes  think  it  his  intereft  to  obtain  the  greateft 
poflible  quantity  of  produce  ; fometimes  it  may  be  more 
beneficial  for  him  to  have  it  of  the  fineft  quality  ; and 
at  other  times  it  may  be  neceflary  to  have  both  thefe 
objedls  in  view,  the  one  or  the  other  in  a greater  or  lefs 
proportion  ; it  is  therefore  of  importance  that  he  fliould 
know  how  he  may  accomplifh  the  one  or  the  other  of 
thefe  purpofes  in  the  eafieft  and  moft  diredl  manner. 

To  be  able  to  convert  his  milk  to  the  higheft  pofli- 
ble profit  in  every  cafe,  he  ought  to  be  fully  acquaint- 
ed with  every  circumftance  refpeding  the  manufadture 
both  of  butter  and  of  cheefe  : as  it  may  in  fome  cafes 
happen,  that  a certain  portion  of  that  milk  may  be 
more  advantageoufly  converted  into  butter  than  into 
cheeie,  while  another  portion  of  it  would  return  more 
profit  if  made  into  cheefe. 


The  firft  thing  to  be  adverted  to  in  an  undertaking 
of  this  nature  is  to  choofe  cows  of  a proper  fort.  A- 
mong  this  clafs  of  animals,  it  is  found  by  experience, 
that  fome  kinds  give  milk  of  a much  thicker  confift- 
ence,  and  richer  quality,  than  others  ; nor  is  this  rich- 
nefs  of  quality  neceflarily  connedted  with  the  fmallnefs 
of  the  quantity  yielded  by  cows  of  nearly  an  equal  fize  ; 
it  therefore  behoves  the  owmer  of  a dairy  to  be  pecu- 
liarly attentive  to  this  circumftance.  In  judging  of  the 
value  of  a cow,  it  ought  rather  to  be  the  quantity  and 
the  quality  of  the  cream  produced  from  the  milk  of  the 
cow,  in  a given  time,  than  the  quantity  of  the  milk  it- 
felf  : this  is  a circumftance  that  will  be  fiiewm  hereafter 
to  be  of  more  importance  than  is  generally  imagined. 
The  fmall  cows  of  the  Alderney  breed  afford  the  rich- 
eft  milk  hitherto  knowm  ; but  individual  cows  in  every 
country  may  be  found,  by  a careful  feledlion,  that  afford 
much  thicker  milk  than  others  ; thefe  therefore  ought 
to  be  fearched  for  with  care,  and  their  breed  reared  with 
attention  as  being  peculiarly  valuable. 

Few  perfons,  who  have  had  any  experience  at  all  in 
the  dairy,  can  be  ignorant,  however,  that  in  comparing 
the  milk  of  two  cows,  to  judge  of  their  refpedlive  quali- 
ties, particular  attention  muft  be  paid  to  the  time  that 
has  elapfed  fince  their  calving  ; for  the  milk  of  the  fame 
cow  is  always  thinner  foon  after  calving  than  it  is  af- 
terwards ; as  it  gradually  becomes  thicker,  though  ge- 
nerally lefs  in  quantity  in  proportion  to  the  time  fince 
the  cow  has  calved.  The  colour  of  the  milk  foon  after 
calving  is  richer  than  it  is  afterwards ; but  this,  efpe- 
cially  for  the  firft  two  weeks,  is  a faulty  colour,  that 
ought  not  to  be  coveted. 

To  make  the  cows  give  abundance  of  milk,  and  of  3 
good  quality,  they  muft  at  all  times  have  plenty  of 
food.  Grafs  is  the  beft  food  yet  known  for  this  pur- 
pofe, and  that  kind  of  grafs  which  fprings  up  fponta- 
neoufly  on  rich  dry  foils  is  the  beft  of  all.  If  the  tem- 
perature of  the  climate  be  fuch  as  to  permit  the  cows 
to  graze  at  eafe  throughout  the  day,  they  fhould  be 
fuffered  to  range  on  fuch  paftures  at  freedom  : but  if 
the  cows  are  fo  much  incommoded  by  the  heat  as  to 
be  prevented  from  eating  through  the  day,  they  ought 
in  that  cafe  to  be  taken  into  cool  fliades  for  proteiftion  ; 
where,  after  allowing  them  a proper  time  to  ruminate, 
they  fhould  be  fupplied  with  abundance  of  green  food 
frefli  cut  for  the  purpofe,  and  given  to  them  by  hand 
frequently,  in  fmall  quantities  frefli  and  frefli,  fo  as  to 
induce  them  to  eat  it  with  pleafure.  When  the  heat 
of  the  day  is  over,  and  they  can  remain  abroad  with 
eafe,  they  may  be  again  turned  into  the  pafture,  where 
they  fliould  be  allowed  to  range  with  freedom  all 
night,  during  the  mild  weather  of  fummer. 

Cows,  if  abundantly  fed,  fliould  be  milked  three  times 
a-day  during  the  whole  of  the  fummer  feafon  (a);  in 

the 


(a)  If  cows  be  milked  only  twice  in  the  day  (24  hours),  while  they  have  abundance  of  fucculent  food,  they 
will  yield  a much  fmaller  quantity  of  milk,  in  the  fame  time,  than  if  they  be  milked  three  times.  Some  atten- 
tive 
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airy,  the  morning  early,  at  noon,  and  in  the  evening,  juft  be- 
fore  night-fall.  In  the  choice  of  perfons  for  milking 
tlie  cows,  great  caution  ftiould  be  employed  j for  it 
that  operation  be  not  carefully  and  properly  performed, 
not  only  the  quantity  of  the  produce  of  the  dairy  will 
be  greatly  diminiihed,  but  its  quality  alfo  will  be  very 
much  debafed  ; for  if  all  the  milk  be  not  thoroughly 
drawn  from  a cow  when  fhe  is  milked,  that  portion  ot 
milk  which  is  left  in  the  udder  feems  to  be  gradually 
abforbed  into  the  fyftem,  and  Nature  generates  no  more 
than  to  fupply  the  wafte  of  what  has  been  taken  away. 
If  this  leffened  quantity  be  not  again  thoroughly  drawn 
off,  it  occaftons  a yet  farther  diminution  of  the  quan- 
tity of  milk  generated  ; and  thus  it  may  be  made  to 
proceed  in  perpetual  progreffion  from  little  to  lefs,  till 
none  at  all  is  produced.  In  (hort,  this  is  the  pradlice 
in  all  cafes  followed,  when  it  is  meant  to  allow  a cow’s 
milk  to  dry  up  entirely,  without  doing  her  hurt.  In 
this  manner,  therefore,  the  profits  of  a dairy  might  be 
wonderfully  diminiihed  ; fo  that  it  much  behoves  the 
owner  of  it  to  be  extremely  attentive  to  this  circum- 
ftance,  if  he  wifivfis  to  avoid  ruin.  It  ought  to  be  a 
rule  without  an  .^sception,  never  to  allow  this  important 
department  tq.tbe  entrufted,  without  controul,  to  the 
management  of  hired  fervants  (b).  Its  importance 
will  be  ftill  more  manifeft  from  what  follows. 

It  is  to  Dr  James  Anderfon  that  we  are  indebted  for 
thefe  judicious  obfervations,  as  well  as  for  the  following 
aphorifms  which  though  they  may  be  in  part  known  to 
attentive  houfewives,  he  has  reafon  to  believe  are  not 
commonly  adverted  to  as  their  importance  deferves- 
horifm  “ Of  the  milk  that  is  drawn  from  any  cow  at  one 
time,  that  which  comes  off  at  the  firft  is  always  thinner, 
and  of  a much  wprfe  quality,  than  that  which  comes 
afterwards  ; and  the  richnefs  goes  on  continually  in- 
creafing  to  the  very  laft  drop  that  can  be  drawn  from 
the  udder  at  that  time.” 

Few  perfons  are  ignorant  that  the  milk  which  is  laft 
of  all  taken  from  the  cow  at  milking  (in  this  country 
called  Jlroakhigs)  is  richer  than  the  reft  of  the  milk; 
but  fewer  ftill  are  aware  of  the  greatnefs  of  the  difpro- 
portion  between  the  quality  of  the  firft  and  the  laft 
drawn  milk,  from  the  fame  cow,  at  one  milking.  The 
following  fads  (fays  our  author)  refpeding  this  circum- 
ftance  were  afcertained  by  me  many  years  ago,  and 
have  been  confirmed  by  many  fubfequent  experiments 
and  obfervations. 

Having  taken  feveral  large  tea-cups,  exadly  of  the 
fame  fize  and  fhape,  one  of  thefe  tea-cups  was  filled  at 
th*  beginning  of  the  milking,  and  the  others  at  regular 
intervals,  till  the  laft,  which  was  filled  with  the  dregs 
of  the  ftroakings.  Thefe  cups  were  then  weighed,  the 


weight  of  each  having  been  fettled,  fo  as  to  afcertain 
that  the  quantity  of  milk  in  each  was  precifely  the 
fame;  and  from  a great  number  of  experiments,  fre- 
quently repeated  with  many  different  cows ; the  refult 
was  in  all  cafes  as  follows  : 


The  quantity  of  cream  obtained  from  the  firft  drawn 
cup  was,  in  every  cafe,  much  fmaller  than  from  that, 
which  was  laft  drawn  ; and  thofe  between  afforded  lefs 
or  more  as  they  were  nearer  the  beginning  or  the  end. 

It  is  unneceffary  here  to  fpecify  thefe  intermediate  pro- 
portions ; but  It  is  proper  the  reader  fliould  be  inform- 
ed, that  the  quantity  of  cream  obtained  from  the  laft-. 
drawn  cup,  from  fome  cows,  exceeded  that  from  the 
firft  in  the  proportion  of  fixteen  to  one.  In  other 
cows,  however,  and  in  particular  circumftances,  the  dif-. 
proportion  was  not  quite  fo  great ; but  in  no  cafe  did  it 
fall  fliort  of  the  rate  of  eight  to  one.  Probably,  upon 
an  average  of  a great  many  cows,  it  might  be  found  to 
run  as  ten  or  twelve  to  one. 

Secondly,  The  difference  in  the  quality  of  the  cream, 
however,  obtained  from  thefe  two  cups,  was  much 
greater  than  the  difference  in  the  quantity.  In  the  firft 
cup,  the  cream  w'as  a thin  tough  film,  thinner,  and  per- 
haps whiter,  than  writing  paper  ; in  the  laft,  the  cream 
was  of  a thick  butyrous  confidence,  and  of  a glowing 
richnefs  of  colour  that  no  other  kind  of  cream  is  ever 
found  to  pollefs. 

Thirdly,  The  difference  in  the  quality  of  the  mllh 
that  remained,  after  the  cream  was  feparated,  was  per- 
haps ftill  greater  than  either  in  refpe<ff  to  the  quantity 
or  the  quality  of  the  cream.  The  milk  in  the  firft  cup. 
was  a thin  bluifti  liquid,  as  if  a very  large  proportion  of 
water  had  been  mixed  with  ordinary  milk  ; that  in  the 
laft  cup  was  of  a thick  confiftence,  and  yellow  colour, 
more  refembling  cream  than  milk  both  in  tafte  and  ap- 
pearance. 

From  this  important  experiment,  it  appears  that  the 
perfon  who,  by  bad  milking  of  his  cows,  lofes  but  half 
a pint  of  his  milk,  lofes  in  fad  about  as  much  cream  as 
would  be  afforded  by  fix  or  eight  pints  at  the  begin- 
ning, and  lofes,  befides,  that  part  of  the  cream  which 
alone  can  give  richnefs  and  high  flavour  to  his  butter. 

“ If  milk  be  put  into  a difti,  and  allowed  to  ftand  Aphorlfiu 
till  it  throws  up  cream,  that  portion  of  cream  which  a* 
rifes  firft  to  the  furface  is  richer  in  quality,  and  greater 
in  quantity,  than  what  rifes  in  a fecond  equal  fpace  of 
time  ; and  the  cream  that  rifes  in  the  fecond  interval  of 
time  is  greater  in  quantity,  and  richer  in  quality,  than 
that  which  rifes  in  a third  equal  fpace  of  time  ; that  of 
the  third  than  the  fourth,  and  fo  on ; the  cream  that 
rifes  decreafing  in  quantity,  and  declining  in  quality, 
continually,  as  long  as  any  rifes  to  the  furface.” 

Our 


tive  obfervers  think  a cow,  in  thefe  circumftances,  will  give  nearly  as  much  milk  at  each  time,  if  milked  three 
times,  as  if  fhe  were  milked  only  twice.  This  fad,  however,  has  not,  that  we  know  of,  been  afcertained  by  ex- 
periment. There  can  be  no  doubt  but  they  give  more,  how  much  more  is  not  afcertained  ; nor,  whether  it 
would  be  advantageous,  in  any  cafe,  to  milk  them  four  times,  or  oftener  ; nor,  what  effed  frequent  milking  pro- 
duces on  the  quality  of  the  milk. 

(b)  Cows  fliould  always  be  treated  with  great  gentlenefs,  and  foothed  by  mild  ufage,  efpecially  when  young 
and  ticklifli,  or  when  the  paps  are  tender  ; in  which  laft  cafe  the  udder  ought  to  be  fomented  with  warm  water 
before  milking,  and  touched  with  the  greateft  gentlenefs,  otherwife  the  cow  will  be  in  danger  of  contrading  bad 
habits,  becoming  ftubborn  and  unruly,  and  retaining  her  milk  ever  after.  A cow  never  lets  down  her  milk  plea- 
fantly  to  the  perfon  (he  dreads  or  diflikes.  The  udder  and  paps  fliould  always  be  waftied  with  clean  water  bgie 
fore  milking ; but  care  fliould  be  taken  that  pone  of  that  water  be  admitted  into  the  milking-pail. 
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Dairy.  Our  ingenious  author  confeffes,  that  his  experiments  from  diftinguirtiing  the  good  from  the  bad  cow’s  milk,  D»u 
not  having  been  made  with  fo  much  accuracy  in  this  fo  as  to  feparate  thefe  from  each  other,  where  it  is  ne- 
cafe  as  in  the  former,  he  was  not  enabled  to  afeertain  cefliary.  He  may  thus  have  the  whole  of  his  dairy  pro- 
the  difference  in  the  proportion  that  takes  place  in  duft  greatly  debafed  by  the  milk  of  one  bad  cow,  for 
equal  portions  of  time  ; but  they  have  been  fo  often  re-  years  together,  without  being  able  to  difeover  it.  A 
peated  as  not  to  leave  any  room  to  doubt  the  fail,  and  better  pradtice,  therefore,  would  be,  to  have  the  milk 
it  will  be  allowed  to  be  a fadt  of  no  fmall  importance  in  drawn  from  each  cow  put  feparately  into  the  creaming- 
the  management  of  the  dairy.  It  is  not^ertain,  how-  pans  as  foon  as  it  is  milked,  without  being  ever  mixed 
ever,  but  that  a greater  quantity  of  cream  may,  upon  with  any  other.  Thus  would  the  careful  manager  of 
the  whole,  be  obtained  from  the  milk  by  taking  it  the  dairy  be  able  on  all  occafions  to  cbferve  the  parti- 
away  at  different  times  ; but  the  procefs  is  fo  trouble-  cular  quality  of  each  individual  cow’s  milk,  as  well  as 
fome  as  not  to  be  counterbalanced  by  the  increafed  its  quantity,  and  to  know  with  precifion  which  of  his 
quantity  obtained,  if  indeed  an  increafed  quantity  be  cows  it  was  his  interell  to  difpofe  of  and  which  of  them 
thus  obtained,  which  is  not  as  yet  quite  certain.  he  ought  to  keep  and  breed  from. 

Aphsrifm  « Thick  milk  always  throws  up  a fmaller  proportion  Thirdly.  If  it  be  intended  to  make  butter  of  a very 
3*  of  the  cream  it  adtually  contains,  to  the  furface,  than  fine  quality,  it  will  be  advifable  in  all  cafes  to  keep  the 
milk  that  is  thinner  ; but  that  cream  is  of  a richer  qua-  milk  that  is  firft  drawn  feparate  from  that  which  comes 
lity.  If  water  be  added  to  that  thick  milk,  it  will  af-  laft  ; as  it  is  obvious,  that  if  this  be  not  done,  the  qua- 
ford  a confiderably  greater  quantity  of  cream  than  it  lity  of  the  butter  will  be  greatly  debafed,  without  much 
would  have  done  if  allowed  to  remain  pure,  but  its  augmenting  its  quantity.  It  is  alfo  obvious,  that  if  this 
quality  is,  at  the  fame  time,  greatly  debafed.”  is  done,  the  quality  of  the  butter  will  be  improved  in 

This  is  a fadt  that  every  perfon  attentive  to  a dairy  proportion  to  the  fmallnefs  of  the  quafhtity  of  the  laft- 
muft  have  remarked  ; but  I have  never  (fays  ourauthor)  drawn  milk  that  is  retained  ; fo  that  thofe  who  wifh  to 
heard  of  any  experiment  that  could  afeertain,  either  the  be  fingulaily  nice  in  this  refped,  will  dof  well  to  retain 
precife  amount  of  the  increafed  quantity  of  cream  that  only  a very  fmall  portion  of  the  laft-drawn  milk, 
might  thus  be  obtained,  or  of  the  ratio  in  the  decreafe  To  thofe  owners  of  dairies  who  have  profit  only  in 
of  its  quality.  The  effefls  of  mixing  water  with  the  view,  it  muft  ever  be  a matter  of  trial  and  calculation, 
milk  in  a dairy  are  at  leaft  afeertained  ; and  the  know-  how  far  it  is  expedient  for  them  to  carry  the  improving 
ledge  of  this  fadl  will  enable  attentive  perfons  to  follow  of  the  quality  of  their  butter  at  the  expence  of  dimi- 
that  pradtice  which  they  think  will  beft  promote  their  nifhing  its  quantity.  In  different  fituations  prudence 
own  intereft.  will  point  out  different  kinds  of  pradtice  as  moft  eli- 

Aphorifm  “ Milk  which  is  put  into  a bucket  or  other  proper  gible ; and  all  perfons  muft  be  left,  after  making  accu- 
4*  veffel,  and  carried  in  it  to  any  confiderable  diftance,  fo  rate  trials,  to  determine  for  themfelves.  It  is  likewife 
as  to  be  much  agitated,  and  in  part  cooled,  before  it  be  a confideration  of  no  fmall  importance,  to  determine  in 
put  into  the  milk-pans  to  fettle  for  cream,  never  throws  what  way  the  inferior  milk,  that  is  thus  to  be  fet  apart 
up  fo  much,  nor  fo  rich  cream,  as  if  the  fame  milk  had  where  fine  butter  is  wanted,  can  be  employed  with  the 
been  put  into  the  milk-pans  diredlly  afteritwas  milked.”  greateft  profit.  In  the  Highlands  of  Scotland  they 
In  this  cafe,  it  is  believed  the  lofs  of  cream  will  be  have  adopted,  without  thinking  of  the  improvement  of 
nearly  in  proportion  to  the  time  that  has  elapfed,  and  their  butter,  a very  fimple  and  economical  pradtice  in 
the  agitation  the  milk  has  fuftained,  after  being  drawn  this  refpedf.  As  the  rearing  of  calves  is  there  a prin- 
from  the  cow.  But  Dr  Anderfnn  fays  that  he  is  not  cipal  objedl  with  the  farmer,  every  cow  is  allowed  to 
yet  in  poffeffion  of  any  experiments  which  fufficiently  fuckle  her  own  calf  with  a part  of  her  milk,  the  remain- 
afeertain  how  much  is  to  be  aferibed  to  the  time,  and  der  only  being  employed  in  the  dairy.  To  give  the 
the  agitation,  taken  feparately.  On  every  branch  of  calf  its  portion  regularly,  it  is  feparated  from  the  cow, 
agriculture  we  find  experiments  wanting,  at  each  ftep  and  kept  in  an  inclofure,  with  all  the  other  calves  be- 
we  advance  in  our  enquiries  ; and  it  is  the  duty  of  longing  to  the  fame  farm.  At  regular  times,  the  cows 
every  enquirer  to  point  out,  as  he  goes  along  where  are  driven  to  the  door  of  the  inclofure,  where  the  young 
they  are  wanted,  fince  the  labours  of  no  one  man  can  calves  fail  not  to  meet  them.  Each  calf  is  then  fepa- 
poffibly  complete  the  whole.  rately  let  out,  and  runs  diredlly  to  its  mother,  where  it 

From  the  above  fadls,  the  following  corollaries  feem  fucks  till  the  dairy-maid  judges  it  has  had  enough  ; Ihe 
to  be  clearly  deducible : then  orders  it  to  be  driven  away,  having  previoufly 

Fit^.  It  is  of  importance  that  the  cows  fliould  be  ftiackled  the  hinder  legs  of  the  mother,  by  a very  fim- 
always  milked  as  near  the  dairy  as  poffible,  to  prevent  pie  contrivance,  to  oblige  her  to  ftand  ftill.  Boys  drive 
the  neceflity  of  carrying  and  cooling  the  milk  before  it  away  the  calf  with  fwitches,  and  return  it  to  the  inclo- 
is  put  into  the  difties ; and  as  cows  are  much  hurt  fure,  while  the  dairy-maid  milks  off  what  was  left  by 
by  far  driving,  it  muft  be  a great  advantage  in  a dairy,  the  calf ; thus  they  proceed  till  the  whole  of  the  cows 
farm  to  have  the  principal  grafs  fields  as  near  the  dairy  are  milked.  They  obtain  only  a fmall  quantity  of 
or  homeftead  as  poffible.  milk,  it  is  true,  but  that  milk  is  of  an  exceeding  rich 

Sscondly.  The  pradtice  of  putting  the  milk  of  all  quality  ; which,  in  the  hands  of  fuch  of  the  inhabitants 
the  cows  of  a large  dairy  into  one  veffel,  as  it  is  milked,  as  know  how  to  manage  it,  is  manufadlured  into  the 
there  to  remain  till  the  whole  milking  is  finifhed,  before  richeft  marrowy  butter  that  can  be  anywhere  met  with, 
any  part  of  it  is  put  into  the  milk-pans — feems  to  be  This  richnefs  of  the  Highland  butter  is  univerfally  a 
higldy  injudicious  ; not  only  on  account  of  the  lofs  that  feribed  to  the  old  grafs  the  cows  feed  upon  in  their 
is  fuftained  by  agitation  and  cooling,  but  alfo,  more  remote  glens ; but  it  is  in  fadl  chiefly  to  be  attributed 
efpecially,  becaufe  it  prevents  the  owner  of  the  dairy  to  the  pradtice  here  deferibed,  which  has  long  prevailed 
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Dairy.  In  thofe  regions.  Whether  a fimllar  praflice  could  be 
economically  adopted  elfewhere,  our  author  takes  not 
upon  him  to  fay ; but  doubtlefs  other  fecondary  ufes 
might  be  found  for  the  milk  of  inferior  quality.  On 
fome  occafions,  it  might  be  converted  into  butter  of  an 
inferior  quality;  on  other  occafions,  it  might  be  fold 
fweet,  where  the  fituation  of  the  farm  was  within  reach 
of  a market- town  ; and  on  others,  it  might  be  convert- 
ed into  cheefes,  which,  by  being  made  of  fweet  milk, 
would  be  of  a very  fine  quality  if  carefully  made  (c). 
Still  other  ufes  might  be  devifed  for  its  application  ; 
of  which  the  following  is  worthy  of  notice.  Take 
common  Ikimmed  milk,  when  it  has  begun  to  turn  four, 
put  it  into  an  upright  ftand  churn,  or  a barrel  with  one 
of  its  ends  out,  or  any  other  convenient  veflel.  Heat 
fome  water,  and  pour  it  into  a tub  that  is  large  enough 
to  contain  with  eafe  the  veifel  in  which  the  milk  was 
put.  Set  the  velfel  containing  the  milk  into  the  hot 
water,  and  let  it  remain  there  for  the  fpace  of  one 
night.  In  the  morning  it  will  be  found  that  the  mi^k 
has  feparated  into  two  parts ; a thick  cream-hke  fub- 
ftance,  which  occupies  the  upper  part  of  the  veflel,  and 
a thin  watery  part,  that  remains  at  the  bottom.  Draw 
off  the  thin  part,  (called  in  Scotland  w/Vg)  by  opening 
a ftop-cock,  placed  for  that  purpofe  clofe  above  the 
bottom,  and  referve  the  cream  for  ufe.  Not  much  lefs 
than  half  of  the  milk  is  thus  converted  into  a fort  of 
cream,  which,  when  well  made,  feems  to  be  as  rich  and 
fat  as  real  cream  itfelf,  and  is  only  diftinguifliable  from 
it  by  its  fournefs.  It  is  eaten  with  fugar,  and  efteemed 
a great  delicacy,  and  ufually  fells  at  double;  the  price  of 
frefh  unfkimmed  milk.  It  requires  praftice,  however, 
to  be  able  to  make  this  nicely.  The  degree  of  the  heat 
of  the  water,  and  many  other  circumftances,  greatly  af- 
fecting the  operation. 

Fourthly.  If  the  quality  of  the  butter  be  the  chief 
object  attended  to,  it  will  be  neceffary,  not  only  to  fe- 
parate  the  firft  from  the  laft  drawn  milk,  but  alfo  to 
take  nothing  but  the  cream  that  is  firft  feparated  from 
the  beft  milk,  a's  it  is  this  firft  rifing  cream  alone  that 
is  of  the  prime  quality.  The  remainder  of  the  milk, 
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which  will  be  ftill  fweet,  may  be  either  employed  for 
the  purpofe  of  making  fweet  milk  cheefes,  or  may  be 
allowed  to  ftand,  to  throw  up  cream  for  making  butter 
of  an  inferior  quality,  as  circumftances  may  direCf. 

Fifthly.  From  the  above  faCts,  we  are  enabled  to 
perceive,  that  butter  of  the  very  beft  poflible  quality 
can  only  be  obtained  from  a dairy  of  confiderable  ex- 
tent, judicioufly  managed  ; for  w'hen  only  a fmall  por- 
tion of  each  cow’s  milk  can  be  fet  apart  for  throwing 
up  cream,  and  when  only  a fmall  proportion  of  that 
cream  can  be  referved,  of  the  prime  quality,  it  follows 
(tlie  quantity  of  milk  being  upon  the  whole  very  in- 
confiderable),  that  the  quantity  of  prime  cream  pro- 
duced would  be  fo  fmall  as  to  be  fcarcely  worth  manu- 
facturing feparately. 

Sixthly.  From  thefe  premifes  we  are  alfo  led  to  draw 
another  conclufion,  extremely  different  from  the  opi- 
nion that  is  commonly  entertained  on  this  fubjeCt,  viz. 
That  it  feems  probable,  that  the  very  beft  butter  could 
be  made  with  economy  in  thofe  dairies  only  where  the 
manufacture  of  cheefe  is  the  principal  objeCl.  The  rea- 
fons  are  obvious  : If  only  a fmall  portion  of  milk  fhould 
be  fet  apart  for  butter,  all  the  reft  may  be  made  into 
cheefe,  while  it  is  yet  warm  from  the  cow,  and  perfect- 
ly fweet ; and  if  only  that  portion  of  cream  which  rifes 
during  the  firft  three  or  four  hours  after  milking  is  to 
be  referved  for  butter,  the  rich  milk,  which  is  left  after 
that  cream  is  feparated  being  ftill  perfectly  fweet,  may 
be  converted  into  cheefe  with  as  great  advantage  nearly 
as  the  newly  milked  milk  itfelf. 

But  as  it  is  not  probable  that  many  perfons  could  be 
found  who  would  be  willing  to  purchafe  the  very  fineft 
butter,  made  in  the  manner  above  pointed  out,  at  a 
price  that  would  be  fufficient  to  indemnify  the  farmer 
for  his  trouble  in  making  it,  thefe  hints  are  thrown  out 
merely  to  (hew  the  curious  in  what  way  butter  poffef- 
fing  this  fuperior  degree  of  excellence  may  be  obtained, 
if  they  choofe  to  be  at  the  expence  ; but  for  an  ordi- 
nary market.  Dr  Anderfon  is  fatisfied,  from  experience 
and  attentive  obfervation,  that  if  in  general  about  the 
firft  drawn  half  of  the  milk  be  feparated  at  each  milk- 
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(c)  The  making  of  cheefe  has  never  yet  been  reduced  to  fcientific  principles,  and  confequently  the  reafoning 
relating  to  it  is  very  inconclufive.  It  is  in  general  fuppofed,  that  the  goodnefs  of  cheefe  depends  almoft  entirely 
upon  its  richnefs,  by  which  is  meant  the  proportion  of  oily  matter,  whether  natural  or  extraneous,  it  contains  ; 
nothing,  however,  is  more  certain,  than  that  this  opinion  is  erroneous.  Sometimes  a very  lean  cheefe  is  much 
better  taited  than  one  that  is  much  fatter  ; and,  which  will  appear  to  moft  perfons  ftill  more  extraordinary,  it 
frequently  happens,  that  a cheefe  that  taftes  foft  and  fat,  is  much  leaner  than  one  that  is  hard,  dry,  and  fticky. 
The  mode  of  manufacturing  it  occafions  this,  and  not  the  quantity  of  cream  it  contains.  It  is  very  poflible  by 
art  to  make  poor  ikim  milk  cheefe  affume  the  foft  buttery  tafte  and  appearance  even  of  cream  cheefe.  This  fub- 
jeCt, therefore,  deferves  to  be  more  particularly  elucidated  than  It  has  hitherto  been. 

Connected  as  they  are  with  the  objeCt  difeuifed  in  the  text,  we  beg  leave  with  our  author  to  fuggeft  the  fol- 
lowing particulars  as  proper  objeCts  of  examination  and  experiment,  viz.  Is  the  quantity  of  cafeous  matter  af- 
forded by  milk  neceflarily  connected  with  the  proportion  of  cream  that  milk  contains,  or  does  it  depend  upon 
fome  other  principle  not  hitherto  inveftigated  ? Without  pretending  to  decide  this  queftion.  Dr  Anderfon  feels 
himfelf  ftrongly  inclined  to  believe  it  does  not  depend  upon  the  quantity  of  cream.  It  is  well  known  that  cow’s 
milk,  which  always  throws  up  more  cream,  and  that  of  a much  richer  quality,  than  ewe-milk,  does  in  no  cafe  af- 
ford above  one  half  the  proportion  of  cheefe  that  ewe-milk  does.  Nor  can  this  Angular  tendency  of  ewe-milk,  to 
yield  a gi  eat  proportion  of  curd,  be  attributed  to  its  fuperior  thicknefs  ; for  cow-milk  can  be  often  had  that  Is 
thicker  and  richer  than  ewe-milk,  but  it  always  affords  a much  fmaller  proportion  of  curd.  From  thefe  confi- 
deratlons,  it  is  not  Impoffible  but  it  might  be  found,  upon  a careful  inveftigation,  that  the  refufe  milk,  which  ought 
to  be  feparated  from  the  other  in  making  the  beft  butter,  might  be  equally  proper,  or  very  nearly  fo,  for  mak- 
ing cheefe  as  if  no  fuch  feparation  had  been  made.  We  therefore  recommend  this  as  a proper  object  of  expe- 
rimental enquiry. 
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ing,  and  the  remainder  only  fet  up  for  prodycing  cream, 
and  if  that  milk  be  allowed  to  Hand  to  throw  up  the 
whole  of  its  cream  (even  till  it  begins  fenfibly  to  tafte 
fourifh),  and  that  cream  be  afterwards  carefully  manag- 
ed, the  butter  thus  obtained  will  be  of  a quality  great- 
ly fuperior  to  what  can  ufually  be  procured  at  market, 
and  its  quantity  not  confiderably  lefs,  than  if  the  w'hole 
of  the  milk  had  been  treated  alike.  This,  therefore,  is 
the  practice  that  our  author  thinks  moft  likely  to  fuit 
the  frugal  farmer,  as  his  butter,  though  of  a fuperior 
quality,  could  be  afforded  at  a price  that  would  always 
enfure  it  a rapid  fale. 

Dr  Anderfon  throws  out  many  other  ingenious  and 
ufeful  obfervations  on  this  important  branch  of  rural 
economy.  In  particular,  he  points  out,  in  the  plaineft 
manner,  the  requifites  of  a good  milk-houfe,  which,  as 
he  truly  obferves,  ftiould  be  cool  in  fummer  and  warm 
in  winter,  fo  as  to  preferve  a temperature  nearly  the 
fame  throughout  the  year.  But  we  have  treated  of 
this  part  of  the  fubjefl  elfewhere,  and  muft  therefore 
refer  fuch  as  are  defirous  to  know  the  dodor’s  fenti- 
ments  on  it,  to  the  Letters  and  Papers  of  the  Bath  and 
IVeJl  of  England  Society  for  the  encouragement  of  agri- 
culture, &c.  or  to  the  eighth  volume  of  the  Repertory 
of  Arts  and  Manufactures . 

DAHALAC,  the  larged  ifland  in  the  Red  Sea,  is 
thus  defcribed  by  Mr  Bruce.  It  is  low  and  even,  the 
foil  fixed  gravel  and  white  fand,  mixed  with  fhells  and 
other  marine  produdions.  It  is  deditute  of  all  forts  of 
herbage,  at  lead  in  fummer,  unlefs  a fmall  quantity  of 
bent  grafs,  jud  fufficient  to  feed  the  few  antelopes  and 
goats  that  are  on  the  ifland.  There  is  a very  beautiful 
fpecies  of  this  lad  animal  found  here,  fmall,  ftiort-hair- 
ed,  with  thin  black  fharp  horns,  having  rings  upon 
them,  and  they  are  very  fwift  of  foot. 

This  ifland  is,  in  many  places,  covered  with  large 
plantations  of  acacia  trees,  which  grow  to  no  height, 
feldom  above  eight  feet,  but  fpread  wide,  and  turn  flat 
at  top,  probably  by  the  influence  of  the  wind  from  the 
fea.  Though  in  the  neighbourhood  of  Abyfllnia,  Da- 
halac  does  not  partake  of  its  feafons,  no  rain  falls  here 
from  the  end  of  March  to  the  beginning  of  Odober ; 
but  in  the  intermediate  months,  efpecially  December, 
January  and  February,  there  are  violent  flrowers  for  12 
hours  at  a time,  which  deluge  the  ifland,  and  fill  the 
ciderns  fo  as  to  ferve  all  next  fummer,  for  there  are  no 
hills  nor  mountains  in  Dahalac,  and  confequently  no 
fprings.  Thefe  ciderns  alone  preferve  the  water,  and 
of  them  there  yet  remain  370,  all  hewn  out  of  the  folid 
rock.  They  fay  thefe  were  the  works  of  the  Perfians  ; 
it  is  more  probable  they  were  thofe  of  the  fird  Ptole- 
mies. But  whoever  were  the  condrudors  of  thefe 
magnificent  refervoirs,  they  were  a very  different  people 
from  thofe  that  now  poffefs  them,  who  have  not  induf- 
try  enough  to  keep  one  of  the  370  clear  for  the  ufe  of 
man.  All  of  them  are  open  to  every  fort  of  animal, 
and  half  full  of  the  filth  they  leave  there,  after  drinking 
and  waftiing  in  them ; yet  one  of  thefe  ciderns,  cleaned 
and  fliut  up  with  a door  might  afford  them  vrholefome 
fweet  water  all  the  year  over. 

After  the  rains  fall,  a prodigious  quantity  of  grafs 
Immediately  fprings  up ; and  the  goats  give  the  in- 
habitants milk,  which  in  winter  is  the  principal  part  of 
their  fubfidence ; for  they  neither  plow  nor  fow  ; all 
their  employment  is  to  work  the  veffels  which  trade  to 


the  different  parts  of  the  coad.  One  half  of  the  inha- 
bitants is  condantly  on  the  Arabian  fide,  and  by  their 
labour  is  enabled  to  furnilh  with  dora  (millet  or  Indian 
corn)  and  other  provifions  the  other  half  who  day  at 
home  ; and  when  their  time  is  expired,  they  are  relieved 
by  the  other  half,  and  fupplied  with  neceffaries  in  their 
turn.  But  the  fudenance  of  the  poorer  fort  is  entirely 
fliell  and  other  iifli.  Their  waves  and  daughters  are 
very  bold  and  expert  fifher-women.  Several  of  them, 
entirely  naked,  fwam  off  to  the  veffel  before  it  came 
to  an  anchor,  begging  handfuls  of  wheat,  rice,  or  do- 
ra. They  are  very  importunate  and  durdy  beggars, 
and  not  eafily  put  off  with  denials.  Thefe  miferable 
people,  who  liv»in  the  villages  not  frequented  by  barks 
from  Arabia,  arefometimes  a whole  year  without  tad- 
ing  bread.  Yet  fuch  is  the  attaehment  to  their  place 
of  nativity,  they  prefer  living  in  this  bare,  barren,  parch- 
ed fpot,  almod  in  want  of  neceffaries  of  every  kind,  ef- 
pecially of  thefe  effential  ones,  bread  and  water,  to  thofe 
pleafant  and  plentiful  countries  on  both  fides  of  them. 

There  are  in  Dahalac  twelve  villages  or  towns,  of 
which  each  has  a plantation  of  doomtrees  round  it, 
which  furnifti  the  only  manufadlure  in  the  ifland.  The 
leaves  of  this  tree,  when  dried,  are  of  a gloffy  white, 
which  might  very  eafily  be  midaken  for  fattin  : of  thefe 
they  make  bafleets  of  furprifing  beauty  and  neatnefs, 
daining  part  of  the  leaves  with  red  or  black,  and  work- 
ing them  into  figures  very  artificially.  Our  author  knew 
fome  of  thefe  refembling  draw  bafltets,  continue  full  of 
water  for  24  hours,  without  one  drop  coming  through. 
They  fell  thefe  at  Loheia  and  Jidda,  the  larged  of  them 
for  four  commefh,  or  fixpence.  This  is  the  employ- 
ment, or  rather  amufement,  of  the  men  who  day  at 
home  ; for  they  w'ork  but  very  moderately  at  it,  and 
all  of  them  indeed  take  fpecial  care  not  to  prejudice 
their  health  by  any  kind  of  fatigue  from  indudry. 

People  of  the  better  fort,  fuch  as  the  Shekh  and  his 
relations,  men  privileged  to  be  idle,  and  never  eipofed 
to  the  fun,  are  of  a brown  complexion.  But  the  com- 
mon fort  employed  in  fifliing,  and  thofe  who  go  con- 
dantly to  fea,  are  not  indeed  black  but  red,  and  little 
darker  than  the  colour  of  new  mahogany. 

The  inhabitants  of  Dahalac  feemed  to  be  a Ample, 
fearful  and  inoffenfive  people.  It  is  the  only  part  of 
Africa  or  Arabia  (call  it  which  you  pleafe)  where  you 
fee  no  one  carry  arms  of  any  kind  ; neither  gun,  knife, 
nor  fword,  is  to  be  feen  in  the  hands  of  any  one. 
Whereas,  at  Loheia,  and  on  all  the  coad  of  Arabia,  and 
more  particularly  at  Yambo,  every  perfon  goes  arm- 
ed ; even  the  porters,  naked,  and  groaning  under  the 
weight  of  their  burden  and  heat  of  the  day,  have  yet  a 
leather  belt,  in  which  they  carry  a crooked  knife,  fo 
mondroufly  long,  that  it  needs  a particular  motion  and 
addrefs  in  walking  not  to  lame  the  bearer.  This  was 
not  always  the  cafe  at  Dahalac  ; feveral  of  the  Portu- 
guefe,  on  their  fird  arrival  here,  were  murdered,  and 
the  ifland  often  treated  ill  in  revenge  by  the  arma- 
ments of  that  nation.  The  men  feemed  healthy.  They 
told  our  author  they  had  no  difeafes  among  them,  un- 
lefs fometimes  in  fpring,  when  the  boats  of  Yemen  and 
Jidda  bring  the  fmall-pox  among  them,  and  very  few 
efcape  with  life  that  are  infeded.  He  did  not  obferve 
among  them  a man  that  feemed  to  be  fixty  years  old  ; 
from  which  he  inferred  that  they  are  not  long  livers, 
though  the  air  fhould  be  healthy,  as  being  near  the 
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Uafrymple.  chara(?ler  contemplated  with  admiration  and  delight  (of  Vifcount  Royfton,  pp.  151.  “ From  a colle<!lIon  in  Dilrj 

late,  indeed,  with  a mixture  of  anxiety  and  fear),  as  the  advocate’s  library,  by  Balfour  of  Deninyln.”  The 
the  temple  of  piety,  as  the  genuine  fource  of  greater  preface  of  four  pages,  figned  Dav.  Dalrymplei 
happinefs  and  freedom,  to  a larger  portion  of  mankind  The  Works  of  the  ever-memorable  Mr  John 'Hailes 
than  ever  flowed  from  any  government  upon  earth.  of  Eaton,  now  firfl;  colledted  together  in  ^ vols,  Glaf. 

“ 111  indeed  can  the  times  bear  the  lofs  of  fuch  an 
affectionate  patriot  and  the  guardian  of  the  laws  of  his 
country.  But  we  mull  not  murmur  at  the  will  of  Pro 


gow,  1765;  preface  of  three  pages.  Dedicated  to- 
William  (Warburton),  Bilhop  of  Glouceller.  “ The 
edition  faid  to  be  undertaken  with  his  approbation; 


vidence,  which  in  its  mercy  ‘ may  have  withdrawn  the  obfolete  words  altered,  with  corrections  in  fpelling  and 


good  man  from  the  evil  to  come.’  In  mercy,  I fay, 
to  him,  whofe  righteous  fpirit  was  fo  deeply  grieved 
when  ‘ he  faw  the  wicked  rage,  and  the  people  imagine 
a vain  thing.” 

Such  is  the  memorial  which,  in  the  hour  of  recent 


punctuation. 

A fpecimen  of  a book  intitled  “ Ane  Compendious 
Booke  of  Godly  and  Spiritual  Sangs,  colleCtic  out  of 
fundrie  parts  of  the  Scripture,  with  fundrie  of  other  Bal- 
lates  changed  out  of  prophaine  Sanges,  for  avoyding  of 


forrow,  followed  this  excellent  man  to  the  grave  ; and  Sin  and  Harlotrie,  with  augmentation  of  fundry  Gtide 
we  believe  it  will  yet  be  allowed  to  be  juft  by  all  who  and  Godly  Ballates,  not  contained  in  the  firft  edition, 
had  the  happinefs  of  his  Lordfhip’s  acquaintance,  and  Edinburgh,  printed  by  Andro  Hart,”  lamo.  - Edin. 
are  what  he  was,  friends  to  the  beft  interefts  of  1765,  pp.  43  ; with  a Gloffary  of  four  pages, 
mankind.  Memorials  and  Letters  relating  to  the  Hiftory  of 

This  fketch  of  the  life  of  Lord  Hailes  would  be  more  Britain  in  the  reign  of  Charles  I.  publifhed  from  the 
Imperfect  than  even  it  is,  if  we  could  not  fubjoin  to  it  originals,  Glafgow,  1766,  pp.  189.  Preface  of  fix 
a catalogue  of  his  publications,  of  which  the  greater  pages,  figned  Dav.  Dalrymple,  chiefly  collected  by  Mr 
part  are  exceedingly  curious.  We  call  them  publtca~  Wodrow,  author  of  the  Hiftory  of  the  Church  of  Scot- 


tions,  becaufe  he  employed  almoll  as  much  of  his  time 
in  republiftiing  old  and  ufeful  books  as  in  preparing  for 
the  prefs  his  own  valuable  works. 

Befides  his  effays  in  the  papers  called  The  World  and 
The  Mirror,  which  are  well  known  and  univerfally  ad- 
mired, his  Lordftiip  publiftied  the  following  works : 
Sacred  Poems,  or  a Collection  of  Tranflations  and 


land.  Tnfcribed  to  Robert  Dundas  of  Arnifton,  Lord 
Prefident  of  the  Court  of  Seffion. 

An  account  of  the  prefervation  of  Charles  II.  after 
the  Battle  of  Worcefter,  drawm  up  by  himfelf;  to 
which  are  added,  his  Letters  to  feveral  perfons.  Glaf- 
gow, 1766,  pp.  196,  from  the  MSS.  of  Mr  Pepys,  dic- 
tated to  him  by  the  king  himfelf,  and  communicated  by 


Paraphrafes  from  the  Holy  Scriptures;  by  various au-  Dr  Sandby,  mafter  of  Magdalen  College.  The  letters 


thors,  Edinburgh,  1751,  lamo.  Dedicated  to  Charles 
Lord  Hope,  with  a preface  of  ten  pages. 

The  Wifdom  of  Solomon,  Wifdom  of  Jefus  the  Son 
of  Sirach,  or  Ecclefiafticus,  izmo,  Edin.  1755. 

SeleCl  Difcourfes  (in  number  nine),  by  John  Smith, 
kte  Fellow  of  Queen’s  College,  Cambridge,  izmo, 
291  pages.  Edin.  1756  ; with  a preface  of  five  pages, 
“ many  quotations  from  the  learned  languages  tranfla- 
ted, — and  notes  added,  containing  allufions  to  ancient 


are  collected  from  various  books  ; fome  of  them  now 
firft  publiftied,  communicated  by  the  tutors  of  the  Duke 
of  Hamilton,  by  the  Earl  of  Dundonald,  &c.  The 
preface  of  four  pages,  figned  Dav.  Dalrymple,  dedica- 
ted to  Thomas  Holies,  Duke  of  Newcaftle,  chancellor 
of  the  univerfity  of  Cambridge. 

The  Secret  Correfpondence  between  Sir  Robert  Ce- 
cil and  James  VI.  izmo,  1766. 

A Catalogue  of  the  Lords  of  Seffion,  from  the  In- 


mythology,  and  to  the  erroneous  philofophy  which  pre-  ftitution  of  the  College  of  Juftice  in  the  year  1532, 
vailed  in  the  days  of  the  author, — various  inaccuracies  with  Hiftorical  Notes.  Suumcuique — rependet pojitritas. 
of  ftyle  have  been  corrected,  and  harfti  expreffions  foft-  Edin.  1767,  410,  pp.  26. 

ened.”  The  Private  Correfpondence  of  Dr  Francis  Atter- 

A Difcourfe  of  the  unnatural  and  vile  Confpiracy  bury,  Biftiop  of  Rochefter,  and  his  friends,  in  1725,  ne- 
attempted  by  John  Earl  of  Gowry  and  his  Brother,  ver  before  publiftied.  Printed  in  1768,  4to.  Adver- 


againft  his  Majefty’s  perfon,  at  St  Johnftoun,  upon  the 
ych  of  Aug.  1600.  No  date  of  the  republication,  but 
the  edition  and  notes  fuppofed  by  Lord  Hailes,  izmo. 


1757- 


tifement,  pp.  2.  Letters,  pp.  10.  A fac  fimile  of 
the  firft  from  Biftiop  Atterbury  to  John  Cameron  of 
Lochiel,  to  prove  their  authenticity. 

An  Examination  of  fome  of  the  Arguments  for  the 


A Sermon,  which  might  have  been  preached  in  Eaft  High  Antiquity  of  Regiam  Majejlatem ; and  an  In- 
Lothi'an  upon  the  25th  day  of  OClober  1761,  on  ACts  qiiiry  into  the  authenticity  of  the  Leges  Malcolmi ; by 
xxvii.  1,2.  “ The  barbarous  people  fhewed  us  no  Sir  David  Dalrymple,  4m,  pp.  52.  Edin.  1769. 

little  kindnefs.”  Edin.  1761,  pp.  25,  izmo.  “ Oc-  Hiftorical  Memoirs  concerning  the  Provincial  Coun- 
cafioned  by  the  country  people  pillaging  the  wreck  of  cils  of  the  Scottifti  Clergy,  from  the  earlieft  Accounts 
two  veffels,  viz.  the  Betfy,  Cunningham,  and  the  Leith  to  the  JSra  of  the  Reformation  ; by  Sir  David  Dal- 
Packet,  Pitcairn,  from  London  to  Leith,  caft  away  on  rymple.  Edinburgh,  1769,  4to,  pp.  41.— iVo/a,  Hav- 


the  ftiore  between  Dunbar  and  North  Berwick.  All 
the  paffengers  on  board  the  former,  in  number  17,  pe- 
riftied  ; five  on  board  the  latter,  OClober  16.  1761.” — 


ing  no  high  opinion  of  the  popularity  of  his  writings, 
he  prefixes  to  this  work  the  following  motto.  “ Si  de- 
leClamnr  quum  fcribimus  quis  eft  tarn  invidus  qui  ab  oc 


A moll  affecting  difcourfe,  admirably  calculated  to  con-  nos  abducat  ? fin  laboramus  quis  eft  qui  alienas  modum 


vince  the  offenders  ! 

Memori'als  and  Letters  relating  to  the  Hiftory  of 
Britain,  in  the  reign  of  James  I.  publiftied  from  the 
originals,  Giafgow,  1762.- — Addrelledto  Philip  Yorke, 


ftatuat  induftriae.” — Cicero. 

Canons  of  the  Church  of  Scotland,  drawm  up  in  the 
Provincial  councils  held  at  Perth,  A.  D.  1242,  and 
1269.  Edinburgh,  1769,  410,  pp.  48. 

Ancient 
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'mpl«-  Ancient  Scottifti  Poems,  publifhed  from  the  MS.  of 
George  Bannatyne,  156S.  Edin.  1770,  i2mo.  Pre- 
face fix  pages;  Poems  pp.  221;  very  curious  notes 
pp,  92  ; gloffary  and  lifts  of  paftages  and  words  not 
underftood,  pp.  14. 

The  additional  Cafe  of  Elizabeth,  claiming  the  title 
and  dignity  of  Countefs  of  Sutherland  ; by  her  Guar- 
dians. Wherein  the  fadts  and  arguments  in  fupport  of 
her  claim  are  more  fully  ftated,  and  the  errors  in  the 
additional  cafes  for  the  other  claimants  are  detedled, 

4to. This  ftngularly  learned  and  able  cafe  was  fub- 

fcribed  by  Alexander  Wedderburn  (prefent  Lord  Chan- 
cellor), and  Sir  Adam  FergulTon,  but  is  the  well-known 
work  of  Lord  Hailes.  It  ought  not  to  be  regarded 
merely  as  a law  paper  of  great  ability,  but  as  a treatife 
of  profound  refearch  into  the  hiftory  and  antiquity  of 
many  important  and  general  points  of  fucceffion  and 
family  hiftory.  Introdudtion,  pp.  21  ; the  firft  four 
chapters,  pp.  70;  the  fifth  and  fixth  chapters,  pp.  177. 

Remarks  on  the  Hiftory  of  Scotland,  by  Sir  David 
Dalrymple. — “ Utinam  tarn  facile  vera  invenire  poffem 
quam  falfa  convincere.”  Cicero. — Edin.  1775,  infcribed 
to  George  Lord  Lyttleton,  in  nine  chapters,  pp.  284. 
i2mo. 

Hubert!  Langueti  Epiftolas  ad  Philippum  Sydnelum 
Equitem  Anglum,  accurante  D.  Dalrymple  de  Hailes, 
Eq.  Edinburgh,  1776,  8vo.  Infcribed  to  Lord  Chief 
Baron  Smythe. — Virorum  Eruditorum  Teftimonia  de 
Langueto,  pp.  7.  Epiftolae,  pp.  289.  Index  Nomiuum, 
pp.  41. 

Annals  of  Scotland,  from  the  Acceflion  of  Malcolm 
III.  furnamed  Canmore,  to  the  Acceffion  of  Robert  L 
by  Sir  David  Dalrymple.  Edin.  1776,  pp.  31 1.  Ap- 
pendix, pp.  51. 

Tables  of  the  Succeffion  of  the  Kings  of  Scotland, 
from  Malcolm  III.  to  Robert  I.  their  marriages,  chil- 
dren, and  time  of  their  death  ; and  alfo  of  the  Kings 
of  England  and  France,  and  of  the  Popes  who  were 
their  contemporaries. 

Chronological  Abridgement  of  the  Volume,  pp.  30. 
The  Appendix  contains  eight  diftertations  : i.  Of  the 
law  of  Evenus  and  Mercheta  Mulierum,  pp.  17.  2.  A 

commentary  on  the  2 2d  ftatute  of  William  the  Lion, 
pp.  8.  3.  Of  the  i8th  Statute  of  Alexander  III.  pp.  5. 
4.  Bull  of  Pope  Innocent  IV.  pp.  6.  5.  Of  Walter 

Stewart,  Earl  of  Menteeth,  1296,  pp.  7.  6.  Of  M‘DufF, 
flain  at  Falkirk,  in  1298,  pp.  3.  7.  Of  the  death  of 

John  Comyn,  loth  February,  1305,  pp  4.  8.  Of 

the  origin  of  the  houfe  of  Stuart,  pp.  6. 

Annals  of  Scotland  from  the  acceffion  of  Robert  I. 
furnamed  Bruce,  to  the  Acceffion  of  the  Houfe  of 
Stuart;  by  Sir  David  Dalrymple.  Edin.  1779,  4to, 
pp.  277.  Appendix,  pp.  54,  containing,  i.  Of  the 
manner  of  the  death  of  Marjory,  daughter  of  Robert  I. 
pp.  7.  2.  Journal  of  the  campaign  of  Edward  III. 

1327  pp.  9.  3.  Of  the  genealogy  of  the  family  of 

Seton  in  the  14th  century.  4.  Lift  of  the  Scottifti 
commanders  at  the  battle  of  Hallidon,  19th  July,  1383, 
pp.  II.  5.  Whether  Edward  3d  put  to  death  the 
fon  of  Sir  Alexander  Seton,  pp.  8.  6.  Lift  of  the 

Scottifti  commanders  killed  or  made  prifoners  at  the 
battle  of  Durham,  pp.  8.  7.  Table  of  kings,  p.  i. 

8.  Corredtions  and  additions  to  volume  i,  pp.  16.  Chro- 
nological abridgement  of  the  volume,  pp.  39. 

Account  of  the  Martyrs  of  Smyrna  and  Lyons,  In 


the  2d  century,  12 mo,  with  explanatory  notes,  Edin.  Dalrymple. 
1776.  Dedicated  to  Biftiop  Hurd,  pp.  68.  Notes  and 
illuftratlons,  pp.  142.  This  is  a new  and  corredl  ver- 
fion  of  two  moft  ancient  epiftles,  the  one  from  the  church 
at  Smyrna  to  the  church  at  Philadelphia.  The  other 
from  the  Chrlftians  at  Vienna  and  Lyons  to  thofe  in 
Afia  and  Phrygia — their  antiquity  and  authenticity  are 
undoubted.  Great  part  of  both  is  extra(51ed  from  Eu- 
fcbius’s  Ecclefiaftical  Hiftory.  The  former  was  firft 
completely  edited  by  Archbifhop  Uftier.  The  author 
of  the  notes  fays  of  them,  with  his  ufual  and  fingular 
modefty,  “ That  they  will  afford  little  new  or  intereft- 
ing  to  men  of  erudition,  though  they  may  prove  of 
fome  benefit  to  the  unlearried  reader.”  But  the  eru- 
dition he  poffeffed  in  thefe  branches  is  fo  rare,  that  this 
notice  is  nnneceffary.  They  dlfplay  much  ufeful  learn- 
ing and  ingenious  criticifm,  and  breathe  the  moft  ardent 
zeal,  conneded  with  an  exemplary  knowledge  of  Chri- 
ftianity.  N.  B.  This  is  the  firft  volume  of  the  remains 
of  Chriftian  Antiquity. 

Remains  of  Chriftian  Antiquity,  with  explanatory 
notes,  vol.  li.  Edin.  1778,  i2mo.  Dedicated  to  Dr 
Newton  bllhop  of  Briftbl.  Preface,  pp.  7.  This  vo- 
lume contains  the  trial  of  Juftin  Martyr  and  his  com- 
panions, pp.  8.  Epiftle  ol  Dionyfius  biftiop  of  Alex- 
andria, to  Fabius  biftiop  of  Antioch,  pp.  16.  The 
trial  and  execution  of  Cyprian  biftiop  of  Carthage,  pp. 

8.  The  trial  and  execution  of  Fruduofus  bllhop  of 
Tarraconain  Spain,  and  of  his  two  deacons,  Augurius 
and  Eulogius,  pp.  8.  The  Maiden  of  Antioch,  pp  2. 

Thefe  are  all  newly  tranflated  by  Lord  Hailes  from  Rui- 
nart,  Eufebius,  Ambrofe,  See.  The  notes  and  illuftra- 
tions  of  this  volume  extend  from  p.  47  to  165,  and 
difplay  a moft  intimate  acquaintance  with  antiquity, 
great  critical  acumen,  both  in  elucidating  the  fenfe,  and 
detedling  interpolations  ; and  above  all,  a fervent  and 
enlightened  zeal,  in  vindicating  fuch  fentiments  and 
conduAas  are  conformable  to  the  word  of  God  againft 
the  malicious  farcafms  of  Mr  Gibbon.  To  this  volume 
is  added  an  appendix  of  pp.  22,  correffing  and  vindU 
eating  certain  parts  of  vol.  i. 

Remains  of  Chriftian  Antiquity,  vol.  iil.  Edin-  1780, 
Dedicated  to  Thomas  Balguy,  D.  D.  Preface,  pp.  2« 

It  contains  the  Hiftory  of  the  martyrs  of  Paleftine  in 
the  3d  century,  tranflated  from  Eufebius,  pp.  94. 

Notes  and  illuftratlons,  pp.  135,  in  which  Mr  Gib- 
bon again  comes,  and  more  frequently,  under  review. — - 
The  partiality  and  mifreprefentations  of  this  popular 
writer  are  here  expofed  in  the  calmeft  and  moft  fads- 
fadory  manner. 

Pity  it  is  that  Lord  Hailes  ftiould  have  printed  and 
publiftied  thefe  valuable  volumes,  and  indeed  moft  of 
his  other  works,  at  his  own  expence  ; and  difperfed 
them  fo  liberally  to  his  friends,  that  they  have  been 
little  circulated  among  any  other. 

Odtavius,  a Dialogue,  by  Marcus  Minuclus  Felix. 

Edin.  1781,  pp.  16.  Preface. — The  fpeakers  are,  Coe- 
cilius  a Heathen,  Odt.nvius  a Chriftian;  whofe  argu- 
ments prevail  with  his  friend  to  renounce  Pagaailm  and 
become  a Chriftian  profelyte.  Notes  and  illuftratlons, 
pp.  120. 

Of  the  manner  in  which  the  Perfecutors  Died ; a 
Treatife  by  L.  C.  F.  Laffantiivs,  Edin.  1782.  In- 
feribed  to  Dr  Porteous  biffiop  of  Cheftcr  (prefent  bi- 
fliop  of  London).  Preface,  pp.  37'.  in  wh^-h  it  is 
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proved  that  Laftantius  is  the  author.  Text,  pp.  125. 
Notes  and  illuftrations,  pp.  109. 

L.  C.  F.  Laflantli  Divinarum  Inftltutionum  Liber 
Qiiintus  feu  de  Juftitia,  1777. 

Difquifitions  concerning  the  Antiquity  of  the  Chrif- 
tian  Church.  Glafgow,  1783.  Infcribed  to  Dr  Ha- 
lifax, bifhop  of  Gloucefter,  pp.  194. — This  fmall  origi- 
nal and  moft  excellent  work,  confifts  of  fix  chapters. 
Chap.  I.  A commentary  on  the  condudt  and  charadier 
of  Gallic.  Adis  xviii.  5,  12,  17. — Chap.  2.  Of  the 
time  at  which  the  Chriftian  religion  became  publicly 
known  at  Rome. — Chap.  3.  Caufe  of  the  periecution 
of  the  Chriftlans  under  Nero.  In  this  the  hypothefis 
of  Mr  Gibbon,  vol.  i.  4to,  p.  641,  is  examined. — 
Chap.  4.  Of  the  eminent  Heathen  writers  who  are 
faid  (by  Gibbon)  to  have  difregarded  or  contemned 
Chriftianity,  viz.  Seneca,  Pliny  fen.  Tacitus,  Pliny  jun. 
Galen,  Epidletus,  Plutarch,  Marcus  Antonius.  To 
the  admirers  of  Heathen  philofophers,  and  to  thofe  ef- 
pecially  who  ftate  between  them  and  the  Chriftian  doc- 
trine any  confanguinity,  this  chapter  is  earneftly  recom- 
mended.— Chap.  5.  Illuftration  of  a conjedlure  by  Gib- 
bon, refpedling  the  filence  of  Dio  Caffius  concerning 
the  Chriftians.  In  this  chapter,  with  extreme  impar- 
tiality, he  amplifies  and  fupportsan  idea  of  Mr  Gibbon 
on  this  head.  Chap.  6.  Of  the  circumftances  refpedl- 
ing Chriftianity  that  are  to  be  found  in  the  Auguftan 
hiftory. 

It  feems  very  probable  that  the  clofe  attention  which 
Lord  Hailes  appears  to  have  given  tofuch  fubjedls,  was 
in  feme  meafure  the  effedl  of  the  miftakes  and  partiality 
of  Gibbon.  In  no  one  work,  from  1776,  the  date  of 
Mr  Gibbon’s  firft  publication,  has  he  omitted  to  trace 
this  unfair  and  infinuating  author;  but  in  1786  he 
came  forth  of  fet  purpofe  with  the  moft  able  and  for- 
midable reply,  which  he  has  received,  intitled,  “ An 
Inquiry  into  the  Secondary  Caufes  which  Mr  Gibbon 
has  alTigned  for  the  rapid  growth  of  Chriftianity  ; by 
Sir  David  Dalrymple.”  Edin.  1786;  gratefully  and 
affedlionately  aferibed  to  Richard  (Hurd)  bifliop  of 
‘Worcefter,  qto,  pp.  213.  In  five  chapters. 

Sketch  of  the  Lite  of  John  Barclay,  4to,  1786. 
Sketch  of  the  Life  of  John  Hamilton,  a Secular 
Prieft,  4to  (one  of  the  moft  favage  and  bigotted  adhe- 
rents of  Popery,  who  lived  about  A.  D.  1600.) 

Sketch  of  the  Life  of  Sir  James  Ramfay,  a general 
officer  in  the  armies  of  Guftavus  Adolphus  king  of 
Sweden,  with  a head. 

Life  of  George  Leflie  (an  eminent  capuchin  friar  in 
the  early  part  of  the  17th  century),  qto,  pp.  24. 

Sketch  of  the  Life  of  Mark  Alex.  Boyd,  4m. 

Thefe  lives  were  written  and  publifhed  as  a fpecimen 
of  the  manner  in  which  a Biographia  Scotica  might  be 
executed  ; and  it  is  likely  that  Lord  Hailes  felefted 
purpofely  the  leaft  interefting. 

The  Opinions  of  Sarah  Duchefs  Dowager  of  Marl- 
borough, publifhed  from  her  original  MSS.  1788, 
i2mo,  pp.  120.  (with  a few  foot  notes  by  Lord  Hailes, 
in  which  he  corredls  the  fplenetic  partiality  of  her 
Grace). 

The  Addrefs  of  Q^.  Sept.  Tertulllan  to  Scapula  Ter- 


tullus,  Proconful  of  Africa,  tranflated  by  Sir  David  Dali 
Dalrymple,  i2mo.  Edin.  1790,  infcribed  to  Dr  John 
Butler,  bifliop  of  Hereford  ; preface,  pp.  4 ; tranfla-  ^ 
tion  pp.  18  ; original,  pp.  13  ; notes  and  illuftrations, 

pp.  135-  . , , 

This  addrefs  contains  many  particulars  relating  to 
the  church  after  the  third  century.  The  tranflator  has 
rejected  all  words  and  phrafes  of  French  origin,  and 
written  entirely  in  the  Anglo  Saxon  dialed.  In  the 
courfe  of  the  notes  many  obfeurities  of  the  original,  not 
adverted  to  by  other  commentators,  are  explained. 
Some  ftrange  inaccuracies  of  Mr  Gibbon  are  alfo  de- 
tedled,  not  included  in  the  mifreprefentations  of  his  two 
famous  chapters. 

This  was  the  laft  work  of  this  truly  learned,  refpefl- 
able  and  ufeful  man.  Whether  he  left  behind  him  any 
thing  elfe  finifhed  for  the  prefs,  is  known  only  to  his 
friends.  We  have  repeatedly  heard  that  he  was  enga- 
ged in  examining  the  authenticity  of  the  books  of  the 
New  Teftament,  and  that,  with  the  exception  of  two 
or  three,  he  found  every  verfe  contained  in  it  in  the 
writings  of  the  firft  three  centuries.  This  feems  in- 
deed to  have  been  an  objefl  in  all  his  works ; for,  at 
the  end  of  each  of  his  tranflations  and  editions  of  the 
primitive  Chriftian  writers.  A table  is  given  of  paflages 
quoted  or  mentioned  by  them.  If  his  Lordfiiip  com- 
pleted any  work  of  this  kind,  it  Ihould  not  be  with- 
held from  the  public.  We  may  indeed  be  told  that  its 
utility  in  a great  meafure  fuperceded  by  the  laborious 
colleflion  of  Lardner  (b),  and  the  more  elegant  work 
of  Paley  (c)  ; but  not  to  mention  the  prejudices  gene- 
rally entertained  againft  Lardner  on  account  of  his  evi- 
dent bias  to  Unitarianifm,  it  would  furely  be  proper,  in 
the  prefent  age  of  wild  opinions,  to  Ihew  the  multitude, 
who  are  guided  by  authority,  how  important  a fubjeft 
the  Chriftian  religion  was  deemed  by  this  learned  and 
accomplifhed  layman. 

DALTON,  a fine  townftiip  in  Berkflilre  co.  Mafla- 
chufetts,  having  Pittsfield  on  the  W.  and  contains  554 
inhabitants.  The  ftage  road  from  Bofton  to  Albany, 
runs  through  it.  Dalton  was  incorporated  in  1784, 
and  lies  135  miles  W.  by  N.  of  Bofton,  and  about  35 
the  fame  courfe,  from  Northampton. — Morse. 

Dalton,  a townlhip  in  Grafton  co.  New-Hamp- 
(hire,  firft  called  Apthorpe,  was  incorporated  in  1784, 
and  has  only  14  inhabitants.  It  lies  on  the  E.  bank 
of  Connedlicut  river  at  the  1 5 mile  falls,  oppofite  Con- 
cord, in  Eftex  CO.  Vermont. — \b. 

DAMIENS  ( Robert  Fran^ais),  as  he  poflelTed  nei- 
ther literature  nor  fcience,  is  not,  ftricftly  fpeaking,  in- 
titled  to  notice  in  this  Work.  His  character,  how- 
ever, was  fo  extraordinary,  and  the  noife  which  he  made 
in  the  world  fo  great,  that  a ftiort  account  of  his  life 
will  probably  be  acceptable  to  a numerous  clafs  of  our 
readers. 

He  was  born  in  1714,  in  the  fuburbs  of  Arras,  called 
St  Catharines.  His  infancy  announced  what  he  would 
one  day  become  ; for  fuch  were  his  wickednefs  and 
knaveries,  that  they  procured  to  him  the  appellation  of 
Robert  ihe  Devil. 

He  ferved  in  the  army,  was  at  feveral  engagements, 

and 
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Damiens,  and  at  the  fiege  of  Pliilipfburgh.  On  his  return  to 
France,  he  entered  in  quality  of  a domeftic  into  the 
college  of  Jefuits  at  Paris,  which  he  left  in  1738  to  be 
married. 

After  having  ferved  different  mailers  in  the  capital, 
and  poifoned  one  of  them  by  a glyller,  he  committed  a 
robbery  of  240  louis  d*ors  ; which  being  difcovered 
obliged  him  to  abfcond.  He  lurked,  therefore,  about 
five  months  in  the  neighbourhood  of  St  Omer,  Dun- 
kirk, and  Bruffels,  holding  always  the  moft  abfurd  pur- 
pofes  with  regard  to  the  difputes  which  at  that  time 
divided  France.  At  Poperingue,  a fmall  town  near 
Ypres,  he  was  heard  to  fay  : “ If  I return  to  France — 
Yes,  I will  return,  I will  die  there,  and  the  greateft 
man  on  earth  (hall  dielikewife,  and  you  fhall  hear  news 
of  me  !” 

It  was  in  the  month  of  Auguft,  1756,  that  he  utter- 
ed thefe  extravagant  fentiments.  On  the  2 ifl  of  De- 
cember, in  the  fame  year,  being  at  Falefque  near  Arras, 
at  the  houfe  of  one  of  his  relations,  he  talked  in  the 
fame  ftrain,  affirming,  “ That  the  kingdom,  his  wife, 
and  daughter  were  all  ruined  !”  His  blood,  his  heart, 
and  liis  head,  were  at  this  time  in  a dreadful  flate  of  ef- 
fervefcence ; and  in  this  ftate  of  mind  he  fet  out  for  Pa- 
ris, at  which  he  arrived  on  the  31ft  day  of  the  fame 
month.  Having  appeared  at  Verfailles  on  thefirft  day 
of  the  year  1757,  betook  opium  for  two  or  three  days, 
probably  with  a view  to  invigorate  his  mind  for  the  hor- 
rid purpofe,  which  he  executed  on  the  5th  of  January, 
about  three  quarters  of  an  hour  after  five  in  the  even^ 

ing- 

This  execrable  parricide  ftruck  Louis  XV.  with  a 
knife  in  the  right  fide,  as  that  monarch,  furrounded 
by  his  courtiers,  was  entering  a carriage  to  go  to 
Trianon.  He  was  feized  upon  the  fpot ; and  after  ha- 
ving undergone  fome  interrogatories  at  Verfailles,  was 
fent  to  Paris  to  the  tower  of  Montgommeri,  where  a 
room  was  prepared  for  him,  above  that  w'hich  Ravail- 
lac  had  formerly  occupied.  The  king  charged  the 
great  court  of  parliament  to  inftitute  his  procefs  ; but 
notwithftanding  the  moll  cruel  tortures,  which  he  fup- 
. ported  with  unparalleled  firmnefs,  they  could  not  get 
from  him  a fingle  confeffion  which  could  lead  them  to 
fufpedl  that  he  had  any  accomplices.  This  miferable 
wretch  protefted,  that  if  he  had  been  blooded  as  co- 
pioufly  as  he  wiffied,  he  would  never  have  committed 
the  crime.  After  being  cruelly  tortured  to  no  pur- 
pofe, he  was  condemned  to  die  by  the  fame  puniffiment 
as  the  infamous  alTaffin  of  Henry  IV. 

The  fame  year,  on  the  28th  of  March,  which  w'as 
the  day  of  his  execution,  he  arrived  at  the  Place  de 
Greve  at  a quarter  pad  three,  looking  with  a tearlefs 
eye  and  a firm  countenance  on  the  place  and  the  inftru- 
ments  of  his  punifhment.  They  firft  burned  his  right 
hand,  afterwards  tore  his  flelh  with  red  hot  pincers, 
and  poured  melted  lead,  wax  and  pitch,  into  the 
wounds.  They  then  proceeded  to  quarter  him,  the 
four  horfes  trying  in  vain  for  50  minutes  to  dilmember 
his  body.  At  the  end  of  that  time,  Damiens  being 
ftill  alive,  the  executioners  cut  with  knives  the  flelh  and 
tendinous  joinings  of  his  legs  and  aims  ; which  they 
bad  formerly  been  obliged  to  do  to  Ravaillac.  They 
began  with  his  legs  ; and  even  after  they  were  cut,  he 
continued  to  breathe  till  his  aims  were  cut  in  like  man- 
ner. His  punilhment,  from  the  time  he  was  put  upon 
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the  fcaffold  to  the  moment  of  his  death  laded  about  an  Damicits. 
hour  and  an  half ; during  the  greater  part  of  which  he 
retained  his  recolledlion,  and  raifed  his  head  feven  or 
eight  times  to  view  the  horfes  and  his  mangled  and 
burned  limbs.  In  the  middle  of  the  mod  violent  of 
the  tortures,  he  even  let  fome  jokes  efcape  him. 

That  the  crime  of  Damiens  was  of  the  deeped  die, 
every  man  but  an  aflaffin  like  himfelf,  will  readily  ac- 
knowledge ; but  the  cruel  and  lingering  punilhment 
which  was  inflidted  on  him,  was  fuch  as  we  think  no 
human  being  intitled  to  inflidi  on  another.  It  was 
likewife  impolitic  as  well  as  cruel.  We  can  conceive 
no  reafon  for  lengthening  out  any  punifhment,  or  ac- 
companying it  with  cifcumdances  of  horror,  but  to  in- 
fpife  the  fpedlators  with  a deteftation  of  the  crime;  but 
a punifhment  too  fevcre  produces  a contrary  effedt,  by 
withdrawing  the  attention  from  the  crime  to  the  cri- 
minal, and  exciting  compaffion  for  his  fufferings,  and 
indignation  againd  the  authors  of  them.  Such  at  lead 
would  be  its  effedt  in  this  country  ; but  the  minds  of 
Frenchmen  feem  to  be  differently  condituted  from  thofe 
of  others. 

Damiens  was  rather  above  the  middle  fize  ; he  had 
a long  face,  a bold  and  piercing  countenance,  afid  his 
mouth  was  a little  funk.  He  had  contradted  a kind  of 
convulfive  motion,  by  a cudom  he  had  of  fpeaking  to 
himfelf.  He  was  full  of  vanity,  defirous  offignalizing 
himfelf,  curious  of  novelty,  a dickler  againd  govern- 
ment, though  filent  ; converfing  with  himfelf  inter- 
nally ; obdinate  in  profecuting  whatever  he  projedled  ; 
bold  to  put  it  into  execution ; full  of  effrontery,  and  a 
liar  ; by  turns  religious  and  wicked  ; committing  faults 
at  one  time,  and  immediately  after  repenting  of  them, 
and  continually  agitated  by  violent  impulfes.  “ His 
crime  (fays  a writer  of  genius)  cod  us  as  many  groans 
as  improbable  projedts  of  his  came  to  light.” 

How,  it  has  been  afked,  could  a nation  fo  mild  and 
fo  polifhed  as  France,  or  an  age  which  was  called  phi- 
lofophic,  produce  an  affaffin  of  a king  fo  much  beloved 
by  his  people  ? 

To  this  quedlon  the  French  author,  whofe  work 
we  have  tranflated,  anfwers.  That  at  all  times  there  have 
been  wretches  who  have  taken  neither  of  their  age  nor 
their  country.  A man,  from  the  dregs  of  the  people, 
accudomed  to  crimes,  heated  by  the  propofals  of  fome 
turbulent  fpirits,  in  the  time  of  cnnteds  which  agitate 
both  the  church  and  the  date — will  end  in  a parricide. 

His  brain  is  heated  ; he  puts  himfelf  into  a ferment 
of  defpair,  produced  by  inifery,  by  the  fear  of  the  pu- 
nifhment his  robberies  deferve,  and  by  feditious  dif- 
courfes.  Agitated  more  and  more  by  the  contradic- 
tory movements  which  his  mind  experiences,  and  me- 
ditating on  a projedl  of  this  nature,  his  mind  goes  a- 
dray  as  far  as  it  can,  and  in  the  height  of  his  frantic 
del  rium,  he  perpetrates  the  crime  jud  as  a mad  dog 
precipitates  himfelf  upon  the  fird  objedt  he  meets. 

This  is  perhaps  the  bed  account  which  could  be  gi- 
ven, at  the  time  it  was  written,  of  the  condud:  of  Da- 
miens ; but  fubfequent  events  have  fhewn  that  he  did 
not  in  fad  deviate  fo  much  as  was  fuppofed  from  the 
principles  of  his  age  and  country,  though  that  age 
was  philofophic,  and  that  country  highly  polifhed. 

We  have  feen  a defendant  of  Louis  XV.  polfelfed 
of  ten  times  his  virtues,  and  entitled  to  the  love  and 
gratitude  of  the  whole  nation,  murdered  openly  in 
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Dan  the  midft  of  bis  capital,  nnder  the  forms  of  juHice, 

II  and  •with  circumftances  of  atrocity  at  which  the  mind 
of  Damiens  would  perhaps  h ave  recoiled.  The  guilt 
of  an  infane  affaffin,  who  commits  a murder  in  a fit  of 
frenzy,  (inks  into  infignificance  •when  compared  with 
that  of  legillators,  who  coolly  departed,  not  only  from 
every  principle  of  juftice,  but  alfo  from  the  very  letter 
of  that  law  which  conferred  authority  on  themfelves,  to 
cut  off  their  innocent,  their  amiablefovereign, 

DAN,  a confiderable  river  of  N.  Carolina,  which 
nniies  w'lih  the  Staunton,  and  forms  the  Roanoke,  In 
May,  1795,  a boat  53  feet  long,  and  about  7 tons 
burden,  palfed  from  Upper  Saura  to-wn  to  Halifax, 
about  200  miles  above  Halifax,  under  the  direflion  of 
Mr  Jeremiah  Wade.  She  brought  about  9 hhds. 
the  above  place,  6 of  which  fite  difeharged  at  St  Ta- 
miny,  40  miles  above  Halifax ; to  •which  place  the 
river  has  been  cleared  by  the  donations  of  individuals. 
From  St  Taminy  to  Halifax,  flie  brought  about  5000 
weight  through  the  falls,  which  hitherto  had  been 
deemed  impaH'able.  Mr  Wade  thinks,  fafe  navigation 
for  boats  of  a larger  burden  may  be  made  at  a fmall 
expenfe.  The  famous  Burfted  hill  'ftands  on  the  bank 
tf  the  Dan,  in  Virginia,  near  the  borders  of  N.  Caro- 
lina. It  appears  to  have  been  an  ancient  volcano. 
There  are  large  rocks  of  the  lava,  or  melted  matter, 
from  1000  to  1500  weight,  lying  on  the  fummit  of 
the  hill.  The  crater  is  partly  filled,  and  covered  with 
large  trees. — Morse. 

DANBURY,  a poft  towm  in  the  co.  of  Fairfield,  in 
Connedlicut.  It  was  fettled  in  1687,  and  the  compadt 
■part  of  the  town  contains  2 churches,  a court-houfe, 
and  about  60  dwelling-boufes.  On  its  fmall  ftreams 
are  iron  works,  and  feveral  mills.  Mr  Lazarus  Beach 
prefented  to  the  mufeum  in  New-York  city,  a quire  of 
paper,  made  of  the  afbeftos,  at  his  paper  mill  in  Dari- 
bury,  March,  1792,  which  the  hotted  fire  would  not 
confume.  It  lies  about  70  miles  N.  E.  of  New-York 
city,  and  33  N.  W.  by  W,  of  New-Haven.  This 
town,  with  a large  quantity  of  military  ftores,  was 
burnt  by  the  Britilh  on  the  26th  of  April,  1777- — r’A 

DANBY,  a townfhip  in  Rutland  co.  Vermont,  E. 
of  Pawlet,  and  contains  1206  inhabitants.  It  lies 
about  32  miles  N.  of  Bennington. — ii. 

DANGEAU  (Louis  Courcillon  de),  member  of  the 
French  academy,  Abbe  of  Fontedne  Daniel  and  of  Cler- 
mont, was  born  at  Paris  in  January,  1643,  and  died 
there  the  ift  of  January  1723,  aged  80.  Few  people 
of  family  have  given  fo  ranch  time  to  the  belles  lettres, 
or  paid  fuch  attention  to  rendering  the  ftudy  of  them 
eafy  and  agreeable.  He  devifed  feveral  methods  for 
rendering  of  more  eafy  acquifition  the  knowledge  of 
hiftory,  painting,  geography,  genealogy,  the  inlerefts 
of  princes,  and  French  grammar.  Hepublifhed  fome 
trails  upon  each  of  ihefe  fubjefts.  i.  A new  Method 
of  Hiftorical  Geography,  1706,  2vg1s.  folio  ; 2.  The 
Principles  of  Painting,  in  14  plates,  1715,410.;  3.  An 
Hiftorical  Play  of  the  Kings  of  France,  which  is  play- 
ed like  that  of  Orr,  with  a fmall  book  explaining  the 
method  ; 4.  Reflexions  on  ail  the  Parts  of  Grammar, 
1684,  i2mo.  5.  On  the  EleXion  of  the  Emperor, 
1738,  8'vo.  The  firft  of  thefe,  however,  is  his  princi- 
pal work,  and  a part  of  the  tenth  dialogue  on  the  im- 
mortality of  the  foul,  commonly  attributed  to  the  Abbe 
Choifi,  is  likewifo  hU.  That  book  is  very  common ; 


but  his  other  produXions  are' very  rare,  becaafe  he  Dangeau 
only  threw  off  a few  copies  for  the  ufe  of  his  friends. 

Dangeau  was  mafter  of  many  languages ; Greek,  I.a-  ' 

tin,  Italian,  Spaniih,  Dutch,  and  almoft  all  the  lan- 
guages which  depend  upon  thefe.  His  virtues  were 
equal  to  his  learning.  “ Full  of  humanity  for  the  un- 
fortunate (fays  M d' Alembert'),  he  diftributed  fuccour 
to  the  indigent,  and  had  the  virtue  to  conceal  his  good 
aXions.  His  heart  was  formed  for  friendfhip.  If  he 
had  any  faults,  they  were  perhaps  too  great  indulgence 
for  the  faults  and  failings  of  mankind  ; a fault  which, 
from  its  rarity  may  be  called  a virtue,  and  for  which 
few  people  have  any  reafon  to  reproach  themfelves,  even 
towards  their  friends.  He  poffelfed,  in  a high  degree, 
that  knowledge  of  men  a'nd  the  world  •w’hich  neither  | 

books  nor  genius  alone  can  give  when  one  has  negleX- 
ed  to  live  with  his  equals.  Rejoicing  in  the  efteem  ' 

and  confidence  which  he  poffelfed  in  a great  degree  in 
France,  there  could  be  no  better  counfellor  than  he  in 
the  moft  important  concerns.  Yet  his  noble  foul,  deli- 
cate  and  honourable,  was  ignorant  of  deceit  ; and  his  i 

prudence  was  too  evident  to  be  taken  for  finefle.  Plea- 
fant  and  agreeable  in  converfation,  but  preferring  truth  j 

in  all  cafes, he  never  difputed  unlefs  there  was  occafion  to 
defend  it,  which  he  did  in  fuch  a firm  manner  as  to  give  1 

fome  people  an  idea  that  he  was  obftinate  in  difpiUing,  I 

which  is  leldomer  found  among  men  than  a cool  and 
culpable  indifference.” 

Dangeau  (Philippe  de  Courcillon  Marquis  de), 
brother  to  the  former,  was  bom  in  1638.  The  ele- 
gance of  his  wit  and  perfon  advanced  him  at  the  court 
of  Louis  XIV.  and  his  decided  tafte  for  letters  procu- 
red him  a place  in  the  French  academy,  and  in  that  of 
fciences.  He  died  at  Paris  in  1720,  at  the  age  of  82, 
chevalier  of  the  order  of  the  king,  and  grand  mafter  of 
the  royal  and  military  orders  of  our  lady  of  Mont  Car- 
mel and  of  St  Lazarus  of  Jerufalem.  When  'be  was 
invefted  with  this  laft  dignity,  he  paid  more  attention 
than  was  formerly  done  to  the  choofing  of  chevaliers  ; 
he  renewed  the  ancient  pomp  of  their  admiffion,  which 
the  public,  always  malicious,  ridiculed.  But  that  which  I 

fhould  have  fereened  him  from  ridicule  was,  that  it  procu-  ; 

red  him  the  foundation  of  25  commanderies,  and  he  cm-  j 

ployed  the  revenues  to  bring  up  1 2 young  men  of  the  beft  ! 

nobility  in  France.  Even  envy  then  excuTed  his  elevation.  [ 

At  the  court  (fays  Fontenelle),  where  credit  is  never  I 

given  to  probity  and  virtue,  he  held  always  a fair  and  | 

unblemilhed  reputation.  His  converfation,  his  man- 
ners were  all  regulated  by  a politenefs,  which  was  not 
the  confequence  merely  of  his  aftbeiating  with  good 
company,  but  the  offspring  of  an  obliging  and  benevo- 
lent heart.  We  fiiould  pafs  over  in  him,  on  account  of 
his  honourable  manners,  the  defire  he  had  to  be  a great  ! 

lord.  Madame  de  Montefpan,  who  did  not  believe  he  [ 

could  play  this  part,  ufed  to  fay,  in  a malicious  manner, 
that  one  could  not  help  loving  and  defpifing  him  at  the  j 

fame  time.  He  married,  firft  Franpife  Morin,  fifter  to  I 

the  Marechal  d’Eftrees,  and  afterwards  the  Countefs  de  j 

.Leuvejlem,  of  a very  noble  houfe,  but  not  opulent. 

There  are  extant  manufeript  memoirs  by  the  Marquis 
Dangeau,  in  which  there  are  feveral  curious  anecdotes 
of  Voltaire,  Henault,  and  Beaumelle.  Dangeau,  how- 
ever, did  not  always  write  thefe  memoirs  ; which,  ac- 
cording to  the  author  of  the  age  of  Louis  XIV.  were 
compiled  by  an  old  valet  de  chambre,  who  inferred  in 

them 
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Danvers  them  without  order,  every  ridiculous  thing  which  he 
li  heard  in  the  antichamber,  or  redd  in  the  gazettes.  There 
ftill  remains  a fmall  work  of  Dangeau’s,  which  paints, 
in  an  interefting  manner,  Louis  the  XIV.  as  he  was  in 
the  midft  of  his  court. 

DANVERS,  a townfhip  in  EfTex  co.  Maflaohufetts, 
adjoining  Salem  on  the  N.  W.  in  which  it  was  formerly 
comprehended  by  the  name  of  Salem  village.  It  con- 
fifts  of  two  parities,  and  contains  2425  inhabitants, 
and  was  incorporated  in  1757-  The  moft  confiderable 
and  compadl  fettlement  in  it,  is  formed  by  a continua- 
tion of  the  principal  ftreet  Salem,  which  extends 
more  than  two  miles  toward  the  country,  having  ma- 
ny work  fhops  of  mechanics,  and  feveral  for  retailing 
goods.  Large  quantities  of  bricks  and  coarfe  earthen 
ware  are  manufadured  here.  Another  pleafant  and 
thriving  fettlement  is  at  the  head  of  Beverly  river, 
called  New-Mills ; where  a fewr  veflels  are  built  and 
owned.  The  town  of  Danvers  receives  an  annual 
compenfation  of  _^.io  from  the  proprietors  of  Efiex 
bridge,  for  the  obitrudion  of  the  river. — Mors^e. 

DANVILLE,  a tliriving  port  town  in  Mercer  co. 
and  formerly  the  metropolis  of  Kentucky,  pleafantly 
fituated  in  a large,  fertile  plane,  on  the  S.  W.  fide  of 
Dick’s  river,  35  miles  S.  S.  W.  of  Lexington.  It 
confills  of  about  50  houfes,  and  a Prefoyterian  church. 
From  Leelburg  to  Danville,  the  country,  for  the  firft 
20  miles,  is  of  an  inferior  rate  for  lands  in  this  coun- 
try; but  round  Lexington,  and  from  Leefburgh  to 
Lexington  and  Boonfborough,,  is  the  richeft  land  in  the 
country.  It  is  40  miles  S.  by  E.  of  Frankfort,  83 
from  Louilville,  201  from  Hawkins  in  Tenneffee,  and 
830  from  Philadelphia.  N.  lat.  37.  30.  W.  long.  85. 
30. — ib. 

Danville,  a very  thriving  townlhip  in  Caledonia 
co,  Vermont.  It  was  a wildernefs,  without  fo  much 
as  a fingle  family,  a few  years  ago,  and  now  contains 
574  inhabitants.  It  lies  8 miles  N.  W.  of  Barnet. — ib. 

DARBY,  a fmall  town  in  Delaware  co.  Pennfylva- 
nia,  on  the  E.  fide  of  Darby  Creek,  It  contains  about 
50  houfes,  and  a Quaker  meeting-houfe,  an-d  lies  7 
miles  S.  W.  by  W.  of  Philadelphia,  There  are  two 
townfliips  of  this  name,  in  the  county,  called  Upper 
and  Lower,  from  their  relative  fituation. — ib. 

DARCY  (Count),  an  ingenious  philcfopher  and  ma- 
thematician, was  born  in  Ireland  in  the  year  1 725  ; but 
his  friends  being,  like  many  other  great  and  good  families 
at  that  period,  attached  to  the  houfe  of  Stuart,  he  was  at 
14  years  of  age  fent  to  France,  where  he  fpent  the  reft  of 
his  life.  Giving  early  indications  of  a genius  for  faience, 
he  was  put  under  the  care  of  the  celebrated  Clairaut 
(fee  Clairaut,  Encycl..)  under  whofe  tuition  he  im- 
proved fo  rapidly  in  the  mathematics,  that  at  17  years 
of  age,  he  gave  a new  folution  of  the  problem  concern- 
ing the  curve  of  equal  preffiire  in  a refilling  medium. 
This  was  followed  the  year  after  by  a determination  of 
the  curve  defcribed  by  a heavy  body,  hiding  by  its  own 
weight  along  a moveable  plane,  at  the  fame  time  that 
the  prefture  of  the  body  canfes  a horizontal  motion  in 
llie  plane. 

Though  Darcy  fervcd  in  the  war  of  1744,  he  found 
leifure,  during  the  buftle  of  a military  life,  to  fend  two 
memoirs  to  the  academy  ; the  firft  of  thefe  contained  a 
general  principle  in  mechanics,  that  of  the  prefervation 
of  the  rotatory  motion ; a principle  which  he  again 


brought  forward  in  1750,  by  the  name  of  the  principle  Darcy 
of  the  prefervation  of  aiftion.  He  w'as  taken  prifoner  II 
in  this  war  by  the  Englilh  ; and  fuch  was  either  the 
refpeift  paid  to  fcience,  or  the  mercy  of  the  cabinet  of  St 
James’s,  that  he  was  treated,  not  as  an  Irifh  rebel,  but  as 
a French  fubjedt  fighting  for  his  king  and  his  country. 

In  1760,  Darcy  publiftied  An  Eflay  on  Artillery, 
containing  fome  curious  experimeots  on  the  charges  of 
gunpowder,  &c.  &c.  and  improvements  on  thofe  of  the 
ingenious  Robbins ; a kind  of  experiments  which  our  au- 
thor carried  on  occafionally  to  the  end  of  his  life.  In 
1765,  he  gave  to  the  public  the  moft  ingenious  of  all 
his  works  his  Memoir  on  the  Duration  of  the  Senfa- 
tion  of  Sight,  in  which  he  endeavours  to  prove,  and 
indeed  completely  proves,  that  a body  may  fometimes 
pafs  by  our  eyes  without  producing  a fenfation  attend- 
ed with  confeioufnefs,  or  marking  its  prefence,  other- 
wife  than  by  weakening  the  brightness  of  the  objedl 
which  it  may  chance  to  cover  in  its  pafTage.  If  in 
this  work  he  ftiall  be  thought  to  have  taken  hints  from 
Dr  Hartley,  it  is  not  perhaps  too  much  to  fay,  that 
fome  of  our  moft  celebrated  writers:  on  vifion  have  fince 
been  beholden  to  Darcy.  No  man  indeed  has  caufe  to 
be  afharaed  of  being  indebted  to  him  ; for  all  his  works 
difplay  in  an  eminent  degree  the  union  of  genius  and 
philofophy ; but  as  he  meafured  every  thing  upon  the 
largeft  fcale,  and  required  extreme  accuracy  in  experi- 
ment, neither  his  time,  fortune,  nor  avocations,  allow- 
ed him  to  execute  more  than  a very  fmall  part  of  what 
he  projedted . 

In  his  difpofition,  Darcy  was  amiable,  fpirited,  live- 
ly, and  a lover  of  independence  ; a pafllon  to  which  he 
nobly  facrificed,  even  in  the  midft  of  literary  fociety. — 

He  died  of  a cholera  morbus  in  1779,  at  54  years  of 
age.  He  was  admitted  of  the  French  academy  in  1 749, 
and  was  made  penfioner-geometrician  in  1770.  His 
eftays  printed  in  the  Memoirs  of  the  Academy  of 
Sciences,  are  various  and  very  ingenious,  and  are  con- 
tained in  the  volumes  for  the  years  1742,  1747,  1749, 

i75°>  1752.  1753.  i754»  1758.  ilS9>  1760, 

1765,  and  in  tom  i.  of  the  Savans  Etrangers. 

DARIEN,  Gulf  of,  runs  S.  eafterly  into  Terra 
Firma.  On  the  eaftern  fide  of  its  mouth,  is  the  town 
of  St  Stbaftian. — Morse. 

Darien,  a town  in  Liberty  co.  Georgia,  by  the 
heights  of  which  glides  the  N.  channel  of  Alatamaha 
river,  about  20  miles  above  Sapelo  Iftand,  and  10  be- 
lov/  Fort  Barrington.  It  lies  47  miles  S.  S.  W.  of 
Savannah.  N.  lat.  31.  23.  W.  long.  80.  14. — ib. 

DARLINGTON,  the  moft  fouthern  county  of 
Cheraws  diftridt,  S.  Carolina  ; bounded  S.  and  S.  W. 
by  Lynch’s  creek.  It  is  about  35  miles  long,  and  21 
broad. — ib. 

DARTMOUTH,  a town  in  Grafton  co.  New^- 
Hamplhire,  north  weft  of  the  foot  of  the  White  Moun- 
tains ; 33  miles  N.  E.  of  Haverhill,  New-Hamplbire, 
and  87  N.  wefterly  ot  Portfmouth.  It  contains  1 1 1 
inhabitants,  and  was  incorporated  in  1772. — ib. 

Dartmouth,  a thriving  fea  port  town  in  Briftol  co. 
Maifachufetts,  fituated  on  the  W.  fide  of  Accuftinet 
river,  70  miles  foutherly  of  Bofton.  It  was  incorpo- 
rated in  1664,  and  contains  2499  inhabitants.  N.  lat* 

41.  37.  W.  long.  70.  52. — ib. 

Dartmouth,  a town  in  Elbert  co.  Georgia,  fituat- 
ed  on  the  peulnfula  formed  by  the  confluence  of  Broad 
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Data  and  Savannah  rivers,  2 miles  front  Fort  James  Dart- 

11  mouth,  which  is  a mile  below  Charlotte  Fort.  The 

town  and  fort  derive  their  names  from  James,  earl  of 
Dartmouth,  whofe  influence  in  the  Britilh  councils  ob- 
tained from  the  king,  a grant  and  powers  to  the  Indian 
trading  company  in  Georgia  to  treat  with  the  Creeks, 
for  the  territory  called  the  Ne^  Purchafe,  ceded  in  dif- 
charge  of  debts  due  to  the  traders.  This  tra<5t  con- 
tains about  2,000,000  of  acres,  lying  upon  the  head 
of  the  Great  Ogechee,  between  the  banks  of  the  Sa- 
vannah and  Alatamaha,  touching  on  the  Oconee,  in- 
cluding all  the  waters  of  Broad  and  Little  rivers.  This 
territory  comprehends  a body  of  excellent,  fertile  land, 
well  watered  by  innumerable  rivers,  creeks  and  brooks. 

■ — ib. 

DATA  OF  Euclid,  the  firft  in  order  of  the  books 
that  have  been  written  by  the  ancient  geometricians,  to 
facilitate  and  promote  the  method  of  refolution  or  ana- 
lyfis.  In  general,  a thing  is  faid  to  be  given  which  is 
either  adtually  exhibited,  or  can  be  found  out,  that  is, 
which  is  either  known  by  hypothefis,  or  that  can  be 
demonflrated  to  be  known  : and  the  propofitions  in  the 
book  of  Euclid’s  data,  fhew  what  things  can  be  found 
out  or  known,  from  thofe  that  by  hypothefis  are  already 
knowni  : fo  that  in  the  analyfis  or  inveftigation  of  a 
problem,  from  the  things  that  are  laid  down  as  given 
or  known,  by  the  help  of  thefe  propofitions,  it  is  de- 
monftrated  that  other  things  are  given,  and  from  thefe 
laft  that  others  again  are  given,  and  fo  on,  till  it  is  de- 
monftrated  that  that  which  was  propofed  to  be  found 
out  in  the  problem  is  given  ; and  when  this  is  done,  the 
problem  is  folved,  and  its  compofition  is  made  and  de- 
rived from  the  compofltions  of  the  data  which  were  em- 
ployed in  the  analyfis.  And  thus  the  data  of  Euclid 
are  of  the  moft  general  and  neceflary  ufe  in  the  folution 
of  problems  of  every  kind. 

Marinus,  at  the  end  of  his  preface  to  the  data,  is 
miftaken  in  aflerting  that  Euclid  has  not  ufed  the  fyn- 
thetical,  but  the  analytical  method  in  delivering  them  ; 
for  though  in  the  analyfis  of  a theorem,  the  thing  to 
be  demonflrated  is  aflumed  in  the  analyfls ; yet  in  the 
demonflrations  of  the  data,  the  thing  to  be  demonflra- 
ted, which  is,  that  fomething  is  given,  is  never  once  af- 
fumed  in  the  demonftration  ; from  which  it  is  manifefl, 
that  every  one  of  them  is  demonflrated  fynthetically : 
though  indeed  if  a propofition  of  the  data  be  turned 
into  a problem,  the  demonftration  of  the  propofltion  be- 
comes the  analyfis  of  the  problem.  Simpfori’s  Preface 
to  his  edition  of  the  Data. 

DAUBENTON  (William),  who  made  fo  much 
noife  early  in  this  century,  was  born  at  Auxerre.  He 
followed  King  Philip  V.  whofe  confeifor  he  was,  into 
Spain.  He  had  the  greatefl  influence  with  that  prince 
until  the  courtiers,  jealous  of  his  power,  prevailed  up- 
on the  king  to  fend  him  from  court  in  1706.  By  dint 
of  felicitations,  however,  he  was  recalled  in  1716,  re- 
inflated in  his  office,  and  then  enjoyed  more  power  than 
before.  It  is  faid,  that  when  Philip  V.  difgufled  with 
his  throne,  wifhed  to  abdicate  it,  he  confided  his  de- 
fign  to  Daubenton;  that  the  latter,  fearing  that  he 
Ihotild  be  obliged  to  follow’  him  to  his  retreat,  difeover- 
ed  this  fecret  to  the  Duke  of  Orleans,  regent  of  France, 
who  was  at  that  time  projefting  the  double  marriage  of 
Mademoifelle  de  Montpenfier  his  daughter,  with  the 
Prince  of  the  Aflurias,  and  that  of  Louis  the  XV. 


with  the  infanta,  five  years  of  age.  It  is  added,  that  Daubehto 
the  Jefuit  believed  it  would  be  for  the  intereft  of  the  II 
Duke  of  Orleans  to  difluade  Philip  from  his  purpofe  ; 
that  the  Duke  of  Orleans  fent  the  confeflbr’s  letter  to 
the  king,  who  fhewed  it  to  Daubenton,  without  faying 
a Angle  word ; that  the  confeflbr  put  a very  different 
conflrudtion  upon  it ; that  an  apoplexy  feized  him  on 
going  out  of  the  chamber  ; and  that  he  died  a fhort 
time  after  in  1723  ; in  the  75th  year  of  his  age.  This 
flory  (for  the  truth  of  which  we  will  avouch  flill  the 
lefs,  that  it  is  not  mentioned  by  the  Marfhal  de  Noailles 
in  his  memoirs)  is  related  by  the  author  of  the  Age  of 
Louis  XV.  who  quotes  the  civil  hiflory  of  Bellando, 
page  306,  Part  IV.  It  is  only  clear  from  the  memoirs 
of  Noailles,  that  Daubenton  oppofed  the  abdication  of 
the  King  of  Spain.  The  Abbe  GroAer,  in  a letter  in- 
ferted  in  the  Astnie  Litteraire  (1777,  N®  18),  denies, 

\mOi  That  Daubenton  had  revealed  to  the  regent  any 
fecret  entrufted  to  him  by  Philip  V.  in  confeflion.  21/0, 

That  this  Jefuit  died,  as  Voltaire  makes  him  from  the 
authority  of  Bellando,  an  inaccurate  hiflorian,  whofe 
works  were  fupprefled  in  Spain.  3//0,  He  pretends 
that  Daubenton,  far  from  being  a man  of  intrigue,  an 
ambitious  monk,  and  capable  of  oppofing  the  abdica- 
tion of  Philip,  in  order  to  prevent  himfelf  from  being 
removed  from  court,  had  folicited  permiffion  to  leave 
it  feveral  years  before.  We  refer  the  reader  to  that  ^ 
letter,  which  deferves  to  be  read  for  the  found  cri- 
ticifm  which  it  contains.  This  Jefuit  had  preached 
with  fome  fuccefs.  There  are  extant  fome  tolerable 
funeral  orations  of  his,  and  a life  of  St.  Francois  Regis* 
i2mo. 

DAUPHIN,  Fort,  a jurifdidion,  fort  and  fea- 
port  town  in  the  N.  part  of  the  ifland  of  St  Domingo, 

This  divifion  contains  5 parilhes.  Its  exports  from 
Jan.  I,  1789  to  Dec.  31  of  the  fame  year,  conAfled 
of  fugar,  coffee,  cotton,  indigo,  fpirits,  molafles,  and 
tanned  hides,  in  value  35,252  dolls.  13  cents.  The 
town  of  Fort  Dauphin  is  remarkable  for  a fountain 
conftrufted  by  the  orders  of  M.  de  Marbois,  which 
cofl  10,678  dollars.  N.  lat.  19.  41. — Morse. 

Dauphins  an  ifland  about  10  miles  long,  in  the 
mouth  of  Mobile  bay,  5 miles  from  Maflkcre  Ifland, 
with  a flioal  all  the  way  between  them.  Thefe  are 
fuppofed  formerly  to  have  been  but  one,  and  went  by 
the  general  name  of  Maflacre,  fo  called  by  Monfl 
d’Ibberville,  from  a large  heap  of  human  bones  found 
thereon  at  his  landing.  It  was  afterwards  called 
Dauphin  Ifland.  The  W.  end,  a diflance  of  between 
3 and  4 miles,  is  a narrow  flip  of  land  with  fome  dead 
trees ; the  reft  is  covered  with  thick  pines,  which  come 
clofe  to  the  water’s  edge  on  the  E.  fide,  forming  a 
large  bluff.  There  is  the  remains  of  an  old  French 
poft  on  the  S.  fide  of  the  ifland,  and  of  fome  old 
houfes  of  the  natives.  N.  lat.  30.  10.  W.long.  88.  7. 

—lb. 

Dauphin,  a fort  in  the  ifland  of  Cape  Breton,  round 
which  the  French  had  their  principal  fettlement,  before 
they  built  Louifburg. — ib. 

Dauphin  Co.  in  Pennfylvania,  was  formerly  con- 
tained in  that  of  Lancafler,  until  erected  into  a fepa- 
rate  county,  March  4,  1785,  Its  form  is  triangular; 
its  contents  586,400  acres,  and  is  furrounded  by  the 
counties  of  Mifflin,  Cumberland,  York,  Berks,  and 
Northumberland.  It  is  divided  into  9 townfliips,  the 

chief 
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Deerfield  in  Bennington  co.  Vermont,  and  after  receiving  a 
H.  number  of  llreams  from  the  adjoining  towns,  unite  on 
entering  Maflachufetts ; thence  winding  in  an  E.  dlrec> 
tion,  it  receives  North  river  and  empties  into  Connec- 
ticut river,  betw'een  the  townfhips  of  Greenfield  and 
Deerfield,  where  it  is  about  15  rods  wide.  Excellent 
traits  of  meadow  ground  lie  on  its  banks. — ib. 

Deerfield,  a very  pleafant  tow'n  in  Harapfliire  co. 
Maflaebufetts,  on  the  W.  bank  of  Connecticut  river, 
from  which  the  compadt  part  of  the  town  is  feparated 
by  a chain  of  high  hills.  It  is  In  the  midft  of  a fertile 
country,  and  has  a fmall  inland  trade.  The  compadt 
part  of  the  town  has  from  60  to  100  houfes,  princi- 
pally on  one  fireet,  and  a handfome  congregational 
church.  It  was  incorporated  in  1681,  and  contains 
1330  Inhabitants;  17  miles  N.  of  Northampton,  and 
109  M.  by  W.  of  Bofton. 

'Hie  houfe  In  which  the  Rev.  Mr  Williams  and  his 
family  were  captivated  by  the  Indians  in  the  early  fet- 
tlement  of  this  towq,  is  ftill  (landing,  and  the  hole  in 
the  door,  cut  by  the  Indians  with  their  hatchets,  is  ftill 
ftiewn  as  a curiofity.  An  academy,  incorporated  in 
1797,  by  the  name  of  “ The  Deerfield  Academy,”  is 
ellablilhed  in  this  town. — ib. 

Deerfield,  a well  fettled  agricultural  town  In  Rock- 
ingham co.  New-Hampihire,  and  was  a part  of  the 
townfhip  of  Nottingham,  19  miles  S.  E.  of  Concord, 
and  35  N.  W.  of  Portfmeuth.  It  contains  1619  inha- 
bitants, and  was  incorporated  in  1766. — ib. 

DEER  IJlandt  an  ifland  and  townfhip  in  Peuobfcot 
bay,  in  Hancock  co.  diftridl  of  Maine,  containing  682 
inhabitants.  It  was  Incorporated  in  1 789,  and  lies  305 
miles  N.  E.  of  Bofton. — ib. 

DEERING,  a townfiiip  in  Hillfborough  co.  New- 
Hampfhire,  incorporated  in  1774.  It  contains  928 
inhabitants,  and  lies  15  miles  S.  W.  of  Concord,  and 
54  miles  W.  of  Portfmeuth. — ib. 

DEFERENS,  or  Deferent,  in  the  ancient  aftro- 
Homy,  an  imaginary  circle,  which,  as  it  were,  carries 
about  the  body  of  a planet,  and  is  the  fame  with  the 
eccentric ; being  invented  to  account  for  the  eccentri- 
city, perigee,  and  apogee  of  the  planets. 

DEFIANCE,  a fort  in  the  N.  weftern  territory, 
fituated  on  the  point  of  land  formed  by  the  confluence 
of  the  rivers  of  Au  Glaize,  and  the  Miami  of  the  lake, 
nearly  half  way  between  Fort  Vv^ayne  on  the  Miami, 
and  lake  Erie.  N.  lat.  41.  41.  W.  long.  84.  43. 
.—Morse. 

DEFLECTION,  the  turning  any  thing  afide  from 
its  former  courfe  by  fome  adventitious  or  external 
caufe.  The  word  is  often  applied  to  the  tendency  of  a 
lliip  from  her  true  courfe  by  reafon  of  currents,  &c. 
which  turn  her  out  of  her  right  way.  it  is  likevvife  ap- 
plied by  allronomers  to  the  tendency  of  the  planets  from 
the  line  of  their  projection,  or  the  tangent  of  their  or- 
bit. See  Astronomy  in  this  Supplement. 

DEJECTION,  in  aftrology,  is  applied  to  the  planets 
when  in  their  detriment,  as  allrologers  fpeak,  i.  e.  when 
they  have  loft  their  force  or  influence,  as  is  pretended, 
by  reafon  of  their  being  in  oppofition  to  fome  others 
w'hich  check  and  counteradl  them.  Or  it  is  ufed  when 
a planet  is  in  a fign  oppoflte  to  that  in  which  it  has  its 
greateft  effed  or  influence,  which  is  called  exaltation. 
Thus,  the  fign  Aries  being  the  exaltation  of  the  fun, 
the  oppoflte  fign  Libra  is  its  dejsiftion. 


DE  L.A  MARCH,  a weftern  water  of  Illinois  Del 
river  in  the  N.  W.  territory.  It  is  30  yards  wide,  and 
navigable  8 or  9 miles. — Morse.  II 

DE  LA  WAR,  a town  in  King  William’s  co.  Vir- 
ginia,  fituated  on  the  broad  peninfula  formed  by  the 
confluence  of  the  Pamunky  and  Mattapony.  The 
united  ftream  thence  aftumes  the  name  of  York  river. 

It  lies  20  miles  N.  by  W.  of  Williamfburg  in  N.  lat. 

37.  31.  W. — ib. 

DELAWARE  Bay  and  River.  The  bay  is  60 
miles  long,  from  the  cape  to  the  entrance  of  the  river, 
at  Bombay  Hook ; and  occupies  a fpace  of  about 
630,000  acres  ; and  is  fo  wide  in  fcmie  parts,  as  that  a 
fhip,  in  the  middle  of  it,  cannot  be  feen  from  the  land. 

It  opens  into  the  Atlantic  N.  W.  and  S.  E.  betw’een 
Cape  Henlopen  on  the  right,  and  Cape  May  on  the 
left.  Thefe  capes  are  18  or  20  miles  apart. 

Delaware  river  was  called  Chihohocki  by  the  abori- 
ginals, and  in  an  old  Nurenberg  map  Is  named  Zuydt 
river.  It  rifes  by  two  principal  branches  in  New-York 
ftate.  The  northernmoft  of  which,  called  the  Mo- 
hawk’s or  Cookqugo  branch,  rifes  in  lake  Uftayantho, 
lat.  42.  25.  and  takes  a S.  W.  courfe,  and  turning  S. 
caftwardly.  It  crofles  the  Pennfylvania  line  in  lat.  42.; 
about  7 miles  from  thence,  it  receives  the  Popachton 
branch  from  the  N.  E.  w'hich  rifes  in  the  Kaats  Kill 
mountains.  Thence  it  runs  fouthwardly,  until  it  ftrikes 
the  N.  W.  corner  of  New-Jerfey,  in  lat.  41.  24. ; atod 
then  paftes  off  to  fea  through  Delaware  bay;  having 
New’.Jerfey  E.  and  Pennfylvania  and  Delaware  W. 

The  bay  and  river  are  navigable  from  the  fea  up  to  the 
great  or  lower  falls  at  Trenton,  155  miles;  and  are 
accommodated  with  buoys  and  piers  for  the  dire<ftion 
and  fiifety  of  ftilps.  A 74  gun  flilp  may  go  up  to 
Philadelphia,  120  miles  by  the  fliip  channel  from  the 
fea.  The  diftance  acrofs  the  land,  in  a S.  E.  courfe, 
to  New-Jerfey  coaft,  is  but  6c  miles.  Sloops  go  35 
miles  above  Philadelphia,  to  Trenton  falls;  boats  that 
carry  8 or  9 tons,  100  miles  farther,  and  Indian  canoes 
150  miles,  except  feveral  fmall  fails  or  portages. 

It  is  in  contemplation  to  connedl  the  waters  of  Che- 
fapeak  bay  wuth  thofs  of  Delaware  river  by  4 different 
canals,  viz.  Elk  river  w’lth  Chrifliana  creek — Broad 
creek,  another  branch  with  Red  Lion  creek — Bohemia, 
a third  branch  of  the  Elk,  with  Apoquineray  creek; 
and  Chefter  river  with  Duck  creek. — ib. 

Delaware,  a fmall  river  of  Eaft  Florida. — ib. 

Delaware  Co.  in  Pennfylvania,  is  3.  W.  of  Phi- 
ladelphia co.  on  Delaware  river.  It  is  about  21  miles 
in  length,  and  15  in  breadth,  containing  1 15,200  acres, 
and  fubdivided  into  19  townflups  ; the  chief  of  which 
is  Chefter.  The  number  of  inhabitants  is  9,483.  The 
lands  bordering  on  the  Delaware  are  low,  and  afford 
excellent  meadow  and  pafturage ; and  are  guarded 
from  inundations  by  mounds  of  earth  or  dykes,  which 
are  fometimes  broken  down  in  extraordinary  fredies  in 
the  river.  If  this  happens  before  cutting  the  grafs, 
the  crop  of  hay  is  loft  for  that  feafon,  and  the  repara- 
tion of  the  breaches  is  expenfive  to  the  proprietors. 
Great  numbers  of  cattle  are  brought  here  from  the 
weftern  parts  of  Virginia,  and  North-Carolina,  to  be 
fattened  for  fupplying  the  Philadelphia  market. — ib. 

Delaware,  a new  county  in  the  ftate  of  New-York, 
on  the  head  waters  of  Delaware  river,  taken  Irom 
Otfego  county. — ib. 
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Dendrome-  njiiiing  the  minute  parts  of  a degree,  in  fmall  angles,  is  the  inftrument  being  conftru6led  to  fold  or  Aide  out  to  Dtndn 


ter. 


very  much  a defiJeratum  with  the  pradtical  furveyor 

This  method  of  meafuring  diftances,  though  plain 
and  fimple  enough,  our  author  illuftrates  by  an  exam- 
ple : Suppofe  A,  fig.  1.  (fee  Plate  XXL)  the  place  of 
the  inftrument;  BC  the  affiftant’s  ftafF,  with  a perpen- 
dicular pin  at  D,  to  enable  the  aftiftant  to  hold  it  in  its 
light  pofition ; now,  if  the  angle  BAC  could,  by  the 
help  of  a micrometer,  be  afeertained  to  parts  of  a mi- 
nute, the  diftance  from  A to  B,  or  to  C,  might  be  eafi- 
ly  calculated  by  the  rules  of  plane  Trigonometry  ; 
for  which  fee  that  article  in  the  Encyclopsedia. 

But  this  method  of  afeertaining  diftances  cannot  be 
applied  to  inaccefllble  objedts,  and  it  is  moreover  fub- 


a greater  length  when  in  ufe  ; upon  which  principle, 
connedted  with  the  application  of  a micrometer,  an  ac- 
curate and  ufeful  inftrument  might  certainly  be  con-  y 
ftrudled.  To  adjuft  fuch  inftrument  for  ufe,  let  a ftaff 
be  held  up  at  a diftance,  in  the  manner  of  fig.  i.  exadl- 
ly  equal  in  length  to  the  diftance  of  the  two  telefcopes, 
and  the  index  AD  being  brought  exadfly  upon  the  fide 
AE,  if  the  two  telefcopes  accurately  ftrike  either  end 
of  the  ftaff,  the  inftrument  is  properly  adjufted. 

The  conftrndtion  of  a fimilar  inftrument  on  the  prin- 
ciples of  Hadley’s  quadrant,  for  naval  obfervations, 
would  alfo  doubtlefs  be  an  acceptable  objedl  in  navi- 
gation,  by  enabling  the  mariner  to  afeertain  the  dif- 


jedi  to  the  inconvenience  of  an  aftiftant  being  obliged  tances  of  ftiips,  capes,  and  other  objedts,  at  a fmgle  ob- 
to  go  to  the  objedt  whofe  diftance  is  required  (an  in- 
convenience almoft  equal  to  the  trouble  of  adlual  ad- 
meafurment) ; therefore  the  perfedlion  of  the  fecond 
method  propofed,  if  attainable,  is  principally  to  be  de- 
fired  ; namely,  that  of  conceiving  the  obfervaticn  made 
on  the  circumference  of  a circle,  whofe  centre  is  in  the 
objedt  whofe  diftance  is  to  be  afeertained  ; and,  none  of 
our  inftruments  now  in  ufe  being  adapted  to  this  mode 
of  obfervation,  a new  conftrudtion  of  a mathematical  in- 
ftrument is  therefore  propofed,  the  name  intended  for 
which  is  the  dendrometer. 

Our  author  admits,  that  this  name  is  not  now  ufed 
for  the  firft  time,  though  he  thinks  that  the  principle 
has  never  been  applied  in  pradtice,  for  the  familiar  pur- 
pofe  of  afeertaining  terreftrial  diftances,  in  furveying, 
or  otherwife,  though  the  fame  principle  has  been  fo  ge- 
nerally and  fuccefsTully  applied  in  determining  the  dif- 
tance of  the  heavenly  bodies  by  means  of  their  parallax. 

The  following  principles  of  conftrudiion  are  propo- 
fed, which  may  perhaps  be  otherwife  varied  and  impn-v- 
ed.  O,  fig.  2.  the  objedt  of  whofe  diftance  is  requi- 
red: ABODE  the  inftrument  in  piano;  BC  a reie- 
fcope,  placed  exadtly  parallel  to  the  fide  AE  ; CE  an 
arch  of  a circle,  whofe  centre  is  at  A,  accurately  divi- 
ded from  E in  degrees,  &c. ; AD  an  index,  moveable 
on  the  centre  A,  with  a nonius  fcale  at  the  end  D, 
graduated  to  apply  to  the  divifions  of  the  arch  ; alfo 
with  a telefcope,  to  enable  the  obferver  to  diferiminate 
the  objedt,  or  any  particular  part  or  fide  thereof,  the 
more  accurately.  The  whole  fhould  be  mounted  on 
three  legs,  in  the  manner  of  a plain  table  or  theodolite, 
and  furnilned  with  fpirit-tubes  to  adjuft  it  to  an  ho- 
rizontal pofition.  The  inftrument  being  placed  in  fuch 
pofition,  the  telefcope  BC  mu  ft  be  brought  upon  the 
objedt  O,  or  rather  upon  fome  particular  point  or  fide 
thereof;  when,  being  there  faftened,  the  index  AD 
muft  be  moved  till  its  telefcope  exadtly  ftrikes  the  fame 
point  of  the  objedt ; then  the  divifions  on  the  arch  ED 
mark  out  the  angle  DAE,  which  will  be  exadtly  equal 
to  the  angle  BOA,  as  is  demonftrated  in  the  XV. 
and  XXIX.  propofitions  of  Euclid,  Book  I.  ; and  the 
fide  BA,  as  well  as  the  angles  ABO,  and  BAO,  being 
already  known,  the  diftance  BO  or  AO  may  be  eafily 
determined. 


As  the  perfedtion  of  this  inftrument  depends  altoge-  arifing  from  the  divifu  n of  the  antecedent  by  the  con- 


ther  upon  its  accuracy  in  taking  fmall  angles,  fo  that 
accuracy  muft  depend,  not  only  upon  the  inftrument’s 
being  properly  fitted  with  a micrometer,  but  alfo  in 
fome  meafure  upon  the  length  of  the  line  BA  in  the 
figure.  That  line,  therefore  might  be  extended,  by 


ter 


Dent 


fervation  ; and  that,  perhaps,  with  greater  accuracy 
than  can  be  done  by  any  method  now  in  ufe. 

For  this  purpofe,  the  following  conftrudiion  is  pro- 
pofed : ABCDE,  fig.  3.  the  inftrument  in  piano;  O 
the  objedl  whofe  diftance  is  required  ; at  A,  at  C,  at 
E,  and  at  3,  are  to  be  fixed  fpeculums  properly  fra- 
med and  fitted,  that  at  3 having  only  its  lower  part 
quickfilvered,  the  upper  part  being  left  tranfparent  to 
view  the  objedi,  the  fpeculum  at -A  being  fixed  oblique- 
ly, fo  that  a line  A i,  drawn  perpendicular  to  its  fur- 
face,  may  bifedl  the  angle  BAC  in  equal  parts  ; that 
at  C being  perpendicular  to  the  line  C 2 ; thofe  at  E 
at  3 being  perpendicular  to  the  index  E 3,  and  that 
at  E being  furniftied  with  a fight;  the  aich  DC  to  be 
divided  from  D in  the  manner  of  Hadley’s  quadrant; 
the  movement  of  the  index  to  be  meal'ured  as  before  by 
a micrometer  ; and  as  the  length  of  the  line  AE  would 
tend  to  the  perfedlion  of  the  inftrument,  it  may  be  con- 
ftrudted  to  fold  up  in  the  middle,  on  the  line  C 2,  into 
lefs  compafs  when  not  in  ufe.  The  inftrument  may 
be  adjufted  for  ufe  by  holding  up  a ftaff  at  a diftance, 
as  before  propofed,  w’hofe  length  is  exadlly  equal  to  the 
line  AE. 

To  make  an  obfervation  by  this  inftrument,  it  being 
previoufly  properly  adjufted,  the  eye  is  to  be  applied  at 
the  fight  in  the  fpeculum  E,  and  the  face  turned  to- 
wards the  objedl ; when  the  objedl  being  received  on 
the  fpeculum  A,  is  refledled  into  that  at  C,  and  again 
into  that  at  E,  and  that  at  3 on  the  index  ; the  index 
being  then  moved  till  the  refledled  objedl  in  the  fpecu- 
lum at  3 exadlly  coincides  with  the  real  objedl  in  the 
tranfparent  part  of  the  glafs,  the  divifions  on  the  arch 
D 3,  fubdivided  by  the  micrometer,  will  determine  the 
angle  DE  3 = the  angle  AOE  ; from  which  the  dif- 
tance O may  be  determined  as  before. 

DENNEY’S  River,  diftridl  of  Maine,  22  miles  E. 
of  Machias.  The  country  between  this  river  and  Ma- 
chias,  in  1794,  was  a wildernefs.  The  banks  of  the 
river  were  at  this  time  thinly  fettled  by  a regular  and 
well  difpofed  people — Morse. 

DENNIS,  a part  of  Yarmouth  in  Barnftable  co. 
Maflachufetts,  which  was  incorporated  into  a townfhip 
in  1793. — ib. 

DENOMINATOR  of  a Ratio  is  the  quotient 


fequent.  Thus  6 is  the  denominator  of  the  ratio  30 
to  5,  becaufe  30  divided  by  5 gives  6.  It  is  otherwife 
called  the  exponent  of  the  ratio. 

DENTON,  the  chief  town  of  Caroline  co.  in  Maiy- 
land ; fiiuated  on  the  E.  fide  of  Choptank  creek,  the 

£.  main 
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;lprefliM  E.  main  branch  of  Choptank  river.  It  is  laid  out  re* 
fi  gularljs  and  has  a few  houfes,  and  lies  7 miles  S.  of 
Green fborough,  and  37  S.  S.  E.  of  Chefter. — Morse, 
DEPRESSION  OF  A Star,  or  Of  the  Sun,  is  its 
, diftaoce  below  the  horizon,  and  is  meafured  by  an  are 

of  a vertical  circle,  intercepted  between  the  horizon  and 
the  place  of  the  ftar. 


3 D E S 

^n  the  completion  of  his  Trudies  his  father,  who  had  fiefaalt. 
deflined  him  for  the  church,  intimated  a with  that  he 
fhould  apply  himfelf  to  theology  ; but  his  genius  had 
taken  a different  direction,  and  he  was  averfe  to  the 
profehion  of  an  eccleflaftic  ; in  ftort,  young  Default 
declared  that  he  was  determined  to  betake  himfelf  to 
the  ftudy  of  the  healing  art,  and,  after  a long  and  in- 


Depression  of  the  Vifihle  Horizon,  or  Hip  of  ihf  Ho-  effectual  refinance  on  the  part  of  his  family,  hewasfent 

to  Befort,  in  order  to  ferve  an  appstnliceftoip,  as  it  was 
then  termed,  in  the  military  hofpital  of  that  place.  He 
accordingly  fpent  three  years  there,  during  which  he 
acquired  fome  knowledge  of  anatomy,  Attended  to  the 
dreffing  of  the  patients,  and  endeavoured  to  fupply,  by 
his  own  obfervations,  what  was  wanting  in  his  inllruc- 
tion. 

In  the  midft  of  thefe  profeffional  labours,  his  min-d 
frequently  rambled  towards  another  fcience  but  little 
connected  with  furgefy : this  was  mathematics,  the 
elements  of  which  he  had  acquired  among  the  Jefuits. 
His  ptogrefs  in  this  favourite  ftudy  was  rapid  ; but  he 
fell  into  one  of  the  many  errors  fo  common  among  the 
phyficians  of  that  day  : this  conftfted  in  a falfe  applica- 
tion of  the  rules  of  geometry  to  the  laws  of  the  animal 
econonay. 

Ele  not  only  perufed  with  avidity  the  treatife  of  Bo- 
relli  De  Motu  Animalium,  but  adtually  tranflated  the 
wh®le  of  it,  and  even  added  a commentary  ftill  more 
abundant  in  calculation  than  that  of  the  celebrated  pro- 
feffor  of  Naples. 

His  fuccefs  in  a branch  of  phyfiology  fo  much  culti- 
vated at  that  time,  attradled  the  attention  of  one  of  his 
fuperiors,  a zealous  partizan  of  the  doctrine  eft’  the  me- 
chanicians who  wifhed  to  attach  him  to  his  perfon  ; but 
his  defire  of  fame  required  a more  extenfive  theatre,  and 
his  love  of  ftudy  made  him  felicitous  of  better  means  of 
inftruflion.  Paris  prefented  both  thefe  advantages,  and 
he  accordingly  repaired  thither  in  1764,  at  the  age  of 
nineteen,  in  fearch  of  them. 

Surgery  at  that  period  flonriftied  in  the  capital  under 
theanipices  of  a Lafaye,  a Morand,  an  Andouillet,  and 
a Louis.  The  fight  of  fuch  great  mafters  excited  the 
genius  of  thofe  who  afplred  to  emulate  them  ; young 
Default  deemed  himfelf  worthy  of  equalling  men  whom 
other  ftudents  were  content  with  only  admiring.  Ani- 
mated by  this  fentiment,  he  entirely  refigned  himfelf  to 
his  ardour ; anatomy  became  the  ipecial  ohjedt  of  his 
labours,  and  his  difeiftions  were  not  confined  to  the  hu- 
man body  ; for  he  inveftigated  by  means  of  his  knife,  a 
prodigious  number  of  animals  of  all  kinds  : at  firft, 
from  a difficulty  of  procuring  human  fubjeds,  and  af- 
terwards on  account  of  the  advantages  which  he  expe- 
rienced from  this  general  method.  In  order  to  become 
intimately  acquainted  with  our  own  organization,  it  is 
neceffary  to  compare  with  it  whatever  has  arefemblance 
to  it  in  other  bodies. 

He  accordingly  fpent  the  greater  part  of  the  day  in 
the  amphitheatres.  The  hours  ftolen  from  his  favour- 
ite labours  were  employed  in  attending  the  hofpitals  j 
he  was  the  firft  at  the  bed  of  the  patient  where  an  ope- 
ration was  to  be  performed,  and  was  fure  to  be  prefent 
at  the  dreffings  on  purpofe  to  examine  the  refult.  The 
infirmities  of  mankind,  fterile  in  refpedl  to  the  vulgar, 
ferved  him  as  the  beft  treatife  for  curing  them  ; and 
the  great  furgeons  of  all  nations  have  formed  their  mode 
of  praffice  by  contemplating  the  fame  book. 
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rizon,  denotes  its  finking  or  dipping  below  the  true 
horizontal  plane,  by  the  obferver’s  eye  being  ralfed 
above  the  furface  of  the  Tea  ; in  confequence  of  which, 
the  obferved  altitude  of  an  obje<ft  is  by  fo  much  too 
great. 

DERBY,  a townftiip  in  Orleans  co.  Vermont,  on 
the  N.  line  of  the  ftate^  on  the  E.  ftiore  of  lake  Mem- 
phremagog. — Morse, 

Derby,  a town  In  New-Haven  co.  Conne<fticut,  on 
the  point  of  land  formed  by  the  confluence  of  Nauga- 
tuck and  Houfatonick  rivers.  This  town  was  fettled 
in  1665,  under  New-Haven  jurifdidlon,  and  is  now 
divided  into  two  parifties,  and  has  an  academy  in  its 
infancy.  It  has  a confiderable  trade  with  the  Weft- 
Indies  for  fo  fmall  a town,  and  a number  cf  mills  on 
the  falls  of  Naugatuck,  and  ftreams  which  fall  into  It, 
and  iron  and  other  works  on  Eight-mile  river  which 
falls  into  the  Stratford.  The  Stratford  or  Houfatoniek 
river  is  navigable  1 2 miles  to  this  town. — ib. 

DEROOBUST,  in  Bengal,  Entire  ; as  an  entire 
dlftrifl:,  oppofed  to  Kismut,  which  fee. 

DERRY,  a townfhip  in  Dauphin  co.  Pennfylvania, 
fituated  on  the  E.  fide  of  Svvatara  creek,  2 miles  above 
its  confluence  with  the  Sufquehannah,  and  celebrated 
for  its  curious  cave. — Morse. 

Derry,  a townfhip  on  Sufquehannah  river  in  Penn- 
fylvania. There  are  two  other  townfliips  of  the  fame 
name  in  Pennfylvania  ; the  one  in  Mifilin  co.  the  other 
in  that  of  Weftmoreland. — ib, 

DERRYFIELD,  a townfhip  in  New-Hampfhire, 
on  the  E.  bank  of  Merrimack  river  Hillfborough  co. 
containing  362  inhabitants,  and  was  incorporated  irt 
1751  ; the  foil  is  but  indifferent.  It  is  42  miles  W.  of 
Portfmouth. — ih, 

DESAQUADERO,  a river  in  Peru,  S.  America, 
over  which  the  Ynca  Huana  Gapac  built  a bridge  of 
flags  and  rufhes,  to  tranfport  his  army  to  the  other 
fide,  and  which  remained  a few  years  fince, — ib. 

DESAULT  (Peter  jefeph),  furgeon  in  chief  to 
the  Plofpital  of  Humanity,  formerly  the  Hotel Dieu,  at 
Paris,  was  born  on  the  6th  of  February,  1744  at  Mag- 
ny  Vernois,  a village  in  the  neighbourhood  of  Lure,  in 
the  department  of  Haut  Saone  (formerly  the  pro- 
vince of  Franche  Comte)  His  father  and  mother  were 
in  that  fituation  of  life  which  is  removed  from  want,  and 
yet  does  not  difpenfe  with  labour  ; he  himfelf  was 
the  youngeft  child  of  a numerous  family. 

At  Lure,  under  the  direflion  of  a private  inftru<ftor, 
he  was  taught  the  firft  rudiments  of  the  Latin  tongue; 
his  parents  afterwards  confided  him  to  the  care  of  the 
Jefuits,  then  almoft  exclufively  entrufted  with  the  edu- 
cation of  youth  in  the  public  fchools.  This  celebrated 
fociety,  prompt  in  difeovering,  as  expert  at  developing, 
and  adroit  in  appropriating  talents,  foon  diftinguiffied 
the  young  ftudent  from  the  crowd  ;-and  he  in  his  turn, 
was  not  difpleafed  with  the  life  he  led  in  one  of  their 
feminaries. 

Supi’L.  Von.  I. 
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Befault.  But  he  reelconed  too  much  on  a robufl:  and  vigorous 
temperament  ; for,  after  tvfo  years  clofe  and  affiduous 
application,  he  fell  into  a cachedtical  habit  of  body, 
whrch  had  nearly  proved  mortal,  and  which  confined 
him  for  almoft  twelve  months  to  his  bed  ; but  at  length, 
owing  partly  to  the  vigour  of  his  youth,  and  partly  to 
the  attention  of  bis  young  friend  Chopart,  hisinfepara- 
ble  companion  in  his  operations,  who  attended  him  al- 
fo  during  his  laft  illnefs,  and  only  furvived  him  a few 
days,  he  was  fo  fortunate  as  to  recover. 

Reftored  to  life,  he  forgot  that  an  excefs  of  atten- 
tion had  conduced  him  to  the  very  gates  of  death  ; a 
rrew  career  opened  to  his  view,  and  required  new  ef- 
forts on  his  part.  In  the  winter  of  1766  he  commen- 
ced a courfe  of  anatomy,  and  foon  reckoned  300  pupils, 
moft  of  them  older  than  himfelf,  who  were  attrafted  by 
the  clearnels  of  his  demonftrations,  the  methodical  ar- 
rangement of  his  defcriptions,  and,  above  all,  by  his  in- 
defatigable zeal  in  the  fcience  of  inilrudlion. 

His  fuccefs  infpired  the  privileged  profeflbrs,  whofe 
fchools  became  deferted,  with  jealoufy  and  revenge  ; 
they  employed  the  authority  of  the  corporation  againit 
him,  and  would  have  nipped  his  efforts  in  the  bud,  had 
it  not  been  for  the  proteftion  of  Louis  and  Lamarti- 
niere,  who  were  zealous  of  protecting  a youth  of  ta- 
lents, w'hofe  foie  reproach  was  that  he  had  not  wealth 
enough  to  purchafe  certain  franchifes,  after  all,  had 
it  not  been  for  the  permiffion  he  obtained  of  borrowing 
the  name  of  a celebrated  phyfician,  he  mull  have  actu- 
ally defi  lied  from  his  lectures. 

Default’s  reputation  now  begun  to  be  buzzed  about, 
and  a multitude  of  patients  claimed  his  affiftance  ; but 
he  conllantly  refufed  to  praCtife,  until  he  fhould  be  pla- 
ced at  the  head  of  fome  great  eftablllhment. 

At  length,  at  the  repeated  felicitations  of  his  friends, 
he  prefented  himfelf  as  a candidate  to  the  corporation 
of  furgeons:  and  they,  much  to  their  honour,  admitted 
him  in  1776,  on  condition  of  paying  the  ufual  fees 
wLen  convenient.  The  following  is  the  title  of  his  the- 
fts : “ Ue  calculo  mejica  urinaria,  eoque  extrahendo,  pra- 
i)id  feEiione,  ope  injlrumenti  Haukenfiani  emendatiJ* 

His  public  lectures  were  accompanied  with  as  much 
celebrity  as  his  private  opes.  Brilliant  difeoveries  were 
not  the  object  of  his  anatomical  labours  which  were  al- 
W'ays  connected  with  the  art  of  healing:  he  was,  how- 
ever, the  firll  man  in  France  who  taught  furgical  ana- 
tomy. 

After  becoming  firll  a fimple  member,  and  then  a 
counfellor,  of  the  perpetual  committee  of  the  academy 
of  furgery,  he  was  appointed  chief  furgeon  to  the  hof- 
pital  of  the  college,  and  confulting  furgeon  to  that  of 
St  Sul  pice  ; neither  of  thefe  added  any  thing  to  his 
fortune,  but  they  gave  him  a clear  infight  into  practice, 
and  enabled  him  to  judge  of  cafes  by  the  inductions 
aiifing  from  his  own  experience. 
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In  1779  he  Invented  the  bandage  now  in  ufe  for  Default 
fractures  ; by  means  of  which,  the  fragments  being  kept 
in  a ftate  of  perpetual  contaCt,  become  confnlidated, 
without  the  leall  appearance  of  deformity,  an  almoft  In- 
evitable confequence  of  the  former  mode. 

On  his  appointment  to  the  place  of  furgeon  major 
to  the  hofpital  d<? /a  Charite,  in  1782,  he  introduced  a 
new  method  of  treatment  in  oblique  fraCtures  of  the 
thigh  bone  ; and*he  alfo  healed,  by  means  of  a metho- 
dical compreflion  thofe  various  ulcers  whofe  cure  had 
hitherto  been  attended  with  great  difficulty.  In  addi- 
tion to  this,  he  fubftituted  new  bandages  in  fraCtures  of 
the  humerus  and  clavicle,  and  adopted  a new  mode  of 
treating  the  hare-lip  fuperior  to  that  ufed  by  Louis. 

He  never  recurred  to  amputation  but  in  extreme  cafes, 
when  there  was  a certainty  that  diflblution  would  have 
followed  a negleCl  of  the  operation. 

When  a premature  death  carried  off  Ferrand,  chief 
furgeon  of  the  Hotel-Dieu  in  Paris,  Default  was  con- 
fidered  as  the  moft  proper  perfon  to  fucceed  him  ; and, 
on  the  demife  of  Moreau,  the  whole  charge  of  the  hof- 
pital  devolved  on  him.  After  three  years  of  folicita- 
tions  and  difputes,  he  at  length  in  1788  proceeded  in 
hislong-projeCled  fcheme  of  eftabliftiing  a clinical  fchool; 
and  a fpacious  amphitheatre  was  accordingly  ereCted  for 
that  purpofe.  Scarcely  had  his  firft  (a)  courfe  com- 
menced, when  the  number  of  pupils  who  flocked  around 
him  was  really  aftonilhing.  Foreigners  repaired  from  all 
parts,  and  feveral  of  the  neighbouring  ftates  fent  ftu- 
dents  to  Paris  exprefsly  for  the  purpofe  of  aflifting  at 
his  demonftrations.  More  than  600  auditors  conftant- 
ly  attended,  in  order  to  learn  a new  fyftem,  confifting 
of  a fimple  mode  of  treatment  difengaged  from  ancient 
prejudices,  and  a complex  incoherent  praCHce. 

A few  of  his  improvements  are  here  fpecified. 

1.  The  method  of  ligature  employed  by  the  ancients 
in  the  cure  of  umbilical  hernias  of  children,  having  been 
generally  omitted  in  the  pradlice  of  the  moderns,  he 
again  introduced  and  perfected  this  mode,  and  demon- 
ftrated  by  his  fuccefs,  its  fuperiority  over  compreffive 
bandages. 

2.  He  was  one  of  the  firft  men  m France  to  extract 
the  loofe  cartilages  ( cartilages  Jlottans ) in  joints. 

3.  He  employed  a new  treatment,  that  of  methodi- 
cal compreffion,  in  refped  to  fchirrofities  of  the  reftum  ; 
in  order  to  which  he  introduced  a candle  or  bougie, 
the  fize  of  which  he  gradually  augmented. 

4.  He  fimplified,  and  rendered  more  commodious,  the 
redudion  of  luxations  of  the  humerus. 

5.  Fatal  experience  having  pointed  out  the  danger  of 
employing  the  trepan  in  wounds  of  the  head,  he  fubfti- 
tuted another  method  of  treatment  (Vufage  de  Peme- 
tiquejno'xr  adopted  by  many  praditioners. 

6.  He  made  feveral  very  ufeful  improvements  on  chi- 
rurglcal  inftruments ; fuch  as  thofe  employed  in  the 

cafes 
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(a)  The  bufinefs  of  the  day  was  conduded  in  the  following  routine:  i.  A public  confultation  concerning 
the  indigent  out-patients.  2.  The  young  praditloners  belonging  to  the  hofpital  read  a detailed  account  of  all 
the  interefting  cafes  of  fuch  patients  as  were  to  be  difeharged  that  day.  3.  The  operations : each  of  thefe  was 
preceded  by  a diflertation  on  the  ftate  of  the  patient,  who  was  then  carried  to  the  amphitheatre,  where  Default, 
attended  by  his  affiftants,  performed  the  operation  in  prefence  of  all  the  pupils.  4.  Argumentative  details,  by 
the  profeffor,  either  on  the  dangerous  maladies  exifting  in  the  hofpital,  or  on  the  fituation  of  the  patients  on 
whom  operations  had  been  performed  during  the  preceding  day.  5.  The  difection  of  fubjeds.  And  6.  A 
ledure  on  fome  particular  branch  of  pathology. 
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Pefauitr  cafes  of  polypus  in  the  womb  and  noftrils  (la  pinse  a 
gains  et  des  porta- nceiuls  pour  la  ligature  des  polypes ■,  &c.)  ; 
tor  cutting  through  obftrndtions  in  the  different  cavi- 
ties^/^  k'lotome)  ; and  for  the  fijhda  in  ano.  In  cafes 
of  incifion  he  introduced  the  ufe  of  the  inftrunient  (le 
gorgeretj  invented  by  Marchetti,  well  known  among 
foreigners,  but  almoft  totally  neglefted  in  France  be- 
fore this  period. 

He  at  the  fame  time  retrenched  tlie  ufe  of  a great 
number  of  fupeifluous  ones,  and  banilhed  all  pradices 
attended  with  greater  pains  than  utility.  Avoiding 
every  thing  that  was  complex,  he  proved  that  the  art 
of  healing,  in  imitation  of  nature,  ought  to  be  fimple  in 
its  means,  and  fruitful  in  its  refources. 

In  1791  he  publilhed  his  journal  de  Chirurgerie^ 
which  was  edited  by  his  pupils,  and  deftiued  to  defcribe 
the  moft  interefting  occurrences  in  his  fchool,  and  alfo 
extrads  from  his  ledures,  which  w'ere  then  dedicated 
to  the  inveftigation  of  the  maladies  incident  to  the  uri- 
nary pafi'ages.  The  treatment  of  thefe  difeafes,  hi- 
therto the  reproach  of  praditioners,  had  been  much  im- 
proved by  the  affiftance  of  the  artift  Bernard.  The 
elaftic  probes  ( les  Jondes  elajliques),  on  their  firft  appear- 
ance, fixed  the  attention  of  all  profeffional  men ; but 
none  knew  better  than  Default  how  to  appretiate  their 
advantages.  By  means  of  them,  he  introduced  a novel 
mode  of  cure  in  contradions  of  the  urethra,  which  faved 
a great  number  of  lives  every  year  in  the  Hotel-Dieu. 
But  he  did  not  confine  their  ufe  to  the  difeafes  of 
the  urethra  alone,  for  he  employed  them  to  remove 
the  divers  obllacles  that  impede  deglutition  or  refpira- 
tion. 

In  the  midft  of  fuch  a multiplicity  of  labours,  and 
although  he  was  obliged  to  attend  400  fick  twice  a- 
day.  Default  neverthelefs  employed  more  than  four 
. hours  of  his  time  in  vifiting  private  patients. 

Few  furgeons  ever  enjoyed  fuch  an  exclufive  fiiare  of 
public  confidence  ; few  ever  pofleffed  fimilar  means  of 
enriching  themfelves  5 and  yet  he  negleded  for  a long 
time  to  take  advantage  of  this.,.  Had  he  been  lefs  ar- 
dent for  glory,  he  would  have  been  more  favoured  by 
fortune  ; but  he  facrificed  all  interefted  views  to  the 
noble  ambition  of  advancing  his  art.  His  clinical  and 
anatomical  courfes  were  gratuitoufly  opened  by  him  to 
the  world  after  the  year  1790  ; and  while  the  public 
fchools  languilhed  in  the  midft  of  troubles,  infeparable 
perhaps  from  a mighty  revolution,  he  was  forming  the 
greater  part  of  thofe  furgeons  employed  at  this  prefent 
moment  in  the  numerous  armies  of  the  republic.  Con- 
fidered  under  this  point  of  view  alone,  the  fervices 
which  he  rendered  to  humanity  are  incalculable  : too 
happy  if  perfecution  had  not  been  his  foie  reward  ! 

While  out  of  mere  attachment  to  the  public  weal,  he 
added  to  his  various  functions  that  of  a member  of  the 
council  of  health,  conferred  on  him  in  1792  by  the 
minifter  Servan,  he  was  denounced  in  the  popular  focie- 
tics  as  an  egotijly  an  indifferent,  &c.  ant}  became  one  of 
the  firft  vidiims  of  that  profcription  which,  under  Robe- 
Ipierre,  extended  to  nearly  every  man  of  talents. 

Chaumette  accufed  him  to  the  fedtions  as  having  ne- 
gledted  the  brave  men  wounded  on  the  loth  of  Auguft, 
while  they  themfelves  were  lavifliing  their  bleffings  at 
the  Hotel-Dieu  on  their  faviour.  Twice  was  he  brought 
, to  the  bar  of  a commune ; defirous  of  difcovering  a pre- 
text for  perfecution,  the  clamours  of  the  people  were 


unremittingly  excited  againft  him.  He  was  at  length 
carried  away  from  his  amphitheatre,  while  in  the  very 
act  of  haranguing  his  pupils  ; and,  in  confequence  of  a 
mandat  d'arrst  from  the  revolutionary  committee,  con- 
dudfed  by  a body  of  armed  men  to  the  Luxembourg. 
From  this  horrid  prifon  few  ever  departed  but  to  meet 
their  fate;  luckily,  however,  his  name  was  not  yet  en- 
tered on  that  bloody  lift,  in  which  thofe  of  Malefiierbes 
and  Lavoifier  were  inferred.  On  the  contrary,  at  the 
end  of  three  days  he  was  liberated,  and  inftantly  re^ 
fumed  all  his  fundtions. 

On  the  eftablilhmcnt  of  UEcole  de  Sante,  Default 
was  appointed  clinical  profeffor  ; and  for  external,  mala- 
dies he  foon  after  obtained  from  the  government  the 
converfion  of  the  Eveche.  into  an  hofpital  for  furgical 
operations. 

In  the  midft  of  thefe  plans,  the  troubles  that  occur- 
red in  the  month  of  May  unfortunately  affedtcd  his 
mind,  and  made  him  dread  left  the  days  of  profcription 
fhould  return.  It  was  in  vain  that  his  friends  attempted 
to  foothe  his  fufferings  ; for  on  the  night  of  the  29th 
of  May,  a malignant  fever  made  its  appearance,  and  a 
nearly  continual  delirium  enfued  until  his  death,  which 
occurred  on  the  ift  of  June  1795,  on  which  day  he 
breathed  his  laft,  in  the  arms  ot  his  pupils,  at  the  age 
of  JI. 

The  populace  w'ere  perfuaded  that  he  was  poifoned. 
This  ridiculous  opinion  originated  in  confequence  of 
the  epoch  of  his  death,  wLich  preceded  but  a ftiort  time 
that  of  the  fon  of  Louis  XVI.  whom  he  had  vifited  du- 
ring his  illnefs  in  the  prifon  of  the  Temple.  It  is  pre- 
tended that  he  fell  a vidtim  to  his  conftant  refufal  to 
yield  to  the  criminal  views  entertained  againft  the  life 
of  that  child. 

Default  was  of  a middling  ftature.  He  was  well  pro- 
portioned, and  pofleffed  an  open  countenance.  His 
temperament,  naturally  robuft,  had  been  fortified  by  his 
early  education,  and  was  never  Tapped  by  an  excefs  of 
pleafures,  for  to  them  his  heart  was  always  indifferent. 
His  ruling  pafllon  was  the  love  of  glory  ; his  favourite 
purfuit,  the  pradlice  and  advancement  of  his  art.  He 
was  warm,  nay  fometimes  violent ; and  his  fcholars 
were  not  always  inclined  to  praife  the  fweetiiefs  of  his 
temper.  On  the  other  hand,  his  mind  v/as  noble,  ele- 
vated, and  great,  even  to  excefs. 

The  French  Republic,  eager  to  pay  homage  to  his 
memory,  has  prefented  his  widow  with  a penfion  of 
2000  livres  per  annum.  A fon,  Alexis  Mathias  De- 
fault, was  the  foie  fruit  of  his  marriage;  and  he  has 
left  but  one  work  behind  him.,  in  which  the  name  of 
his  friend  Chopart  is  joined  with  his  own.  It  is  en- 
titled Eraite  des  Maladies  Chirurgicales  et  des  Operations 
qui  leur  conviennent,  2 vols  8vo. 

DESE  AD  A,  Dejirada  or  Defiderada,  the  firft  of  the 
Caribbee  iflands,  difeovered  by  Columbus  in  his  fecoftd 
voyage,  anno  1494,  when  he  gave  it  that  name.  It 
is  fituated  E.  of  Guadaloupe,  and  fubjed  to  the 
French  ; and  is  of  little  confequence  except  in  time  of 
war,  when  it  is  the  refort  of  a number  of  privateers. 
It  is  10  miles  long  and  5 broad,  and  looks  at  a diftance 
like  a galley,  with  a low  point  at  the  N.  W.  end.  The 
Spaniards  make  this  in  their  way  to  America,  as  well 
as  Guadaloupe.  N.  lat.  16.  40.  W.  long.  61.  20. — 
Morse. 

Deseada,  or  Cape  Defire,  the  fouthern  point  of  the 
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*i  ,’Etteit  D’ETROIT,  one  of  the  principal  towns,  and  befi 
i ^ II.  _ fortified,  in  the  N.  W.  territory  ; fituated  on  the  weft- 
H D’Etroit  river  be- 

Ij  \ tween  lake  Erie  and  lake  St  Clair  ; 18  miles  N.  of  the 

■;  W.  end  of  the  former,  and  9 miles  below  the  latter, 

jl  Fort  D’Etroit  is  of  an  oblong  figure,  built  with  ftock- 

* : ades,  and  advantageoufiy  fituated,  with  one  entire  fide 

commanding  the  river.  It  is  near  a mile  in  circumfer- 
' ence,  and  enclofes  about  300  wooden  houfes  and  a 

Roman  Catholic  church  ; built  in  a regular  manner, 
with  parallel  ftreets,  eroding  each  other  at  right  angles. 
Its  fituation  is  delightful,  and  in  the  centre  of  a pleafant 
and  fruitful  country.  For  8 miles  below,  and  the 
fame  diftance  above  Fort  D’Etroit,  on  both  fides  of  the 
river,  the  country  is  divided  into  regular  and  well  cul- 
tivated plantations ; and  from  the  contiguity  of  the 
farmers  houfes  to  each  other,  they  appear  as  two  long 
extended  villages.  ,The  inhabitants,  who  were  moftly 
French,  were  about  2000  in  number  in  1778,  500  of 
whom  were  as  good  markfmen  as  the  Indians  them- 
felves  ; and  as  well  accuftomed  to  the  woods.  They 
raife  large  flocks  of  black  cattle,  and  great  quantities 
of  corn,  which  they  grind  by  wind  mills,  and  manu- 
fafture  Into  excellent  flour.  The  chief  trade  of  D’E- 
troit confifls  in'  a barter  of  coarfe  European  goods  with 
the  natives  for  furs,  deer  fkins,  tallow,  &c. 

By  the  treaty  of  Greenville,  Aug.  3,  1795,  the  In- 
I dians  have  ceded  to  the  United  States  the  pofl  of 

' D’Etroit,  and  all  the  land  to  the  N.  the  \V.  and  the  S. 

I of  iti  of  which  the  Indian  title  has  been  extinguifhed  by 

' gifts  or  grants  to  the  French  or  Englifh  governments, 

! and  fo  much  more  land  is  to  be  annexed  to  D’Etroit 

' as  fhall  be  comprehended  between  Rofine  river  on  the 

i S. ; lake  St  Clair  on  tlie  N.  ;.and  aline  the  general 

courfe  whereof  fliall  be  6 miles  from  the  W.  end  of  lake 
Erie  and  D’Eiroit  river.  The  fort,  8cc.  was  delivered 
up  by  the  Britilh  in  July  1796,  according  to  treaty. 

! ; It  lies  18  miles  N.  of  lake  Erie,  724  N.  W.  by  W.  from 

Philadelphia.  N.  lat.  42.  40.  W.  long.  82.  56. — il>. 

D’Etroit  River,  or  Strait  of  St  Clair,  flows  from 
lake  St  Clair  into  the  W.  end  of  lake  Erie,  forming 
part  of  the  boundary  between  the  United  States  and 
Upper  Canada.  In  afeending  it,  its  entrance  is  more 
than  3 miles  wide,  but  it  perceptibly  diminifhes ; fo 
that  oppofite  the  fort,  18  miles  from  lake  Erie,  it  does 
not  exceed  half  a mile  in  width  ; from  thence  to  lake 
St  Clair  it  widens  to  more  than  a mile.  The  channel 
of  the  ftrait  is  gentle,  and  wade  and  deep  enough  for 
lliipping  of  great  burden,  although  it  is  incommoded 
by  feveral  iflands,  one  of  which  is  more  than  feven 
miles  in  length.  Thefe  iflands  are  of  a fertile  foil,  and 
from  their  fituation  afford  a very  agreeable  appearance. 
The  length  of  the  river  Is  28  miles  ; and  feveral  flreams 
fall  into  it  chiefly  from  the  N.  W.  viz.  Bauche,  Clora, 
Curriere,  D’Etroit,  and  Huron  rivers. — ib. 

DEVIL’S  Mouth,  a name  given  by  failors  to  a 
frightful  volcano,  near  Leon  Nicaraguay,  in  New- 
Spain,  feated  near  the  lake.  N.  lat.  13.  10.  W.  long. 
65.  10. — ih. 

Devil’j  Kofe,  a promontory  on  the  S.  fide  of  lake 
Ontaiio,  16  miles  E.  of  Fiflilng  bay,  and  23  N.  W. 
of  the  mouth  of  Geneffee  river. — ib. 

Devil’/  IJlaod,  on  the  E.  fide  of  Chefapeak  bay,  is 
in  Somerfet  co.  Maryland,  between  Filhing  bay  and 
Nanokin  river. — ib. 


DEWAN,  under  the  Mogul  government,  the  re-  Bewan 
ceiver  general  and  civic  governor  of  a province  ; in  pri-  H 
vate  life  a fleward.  Dick’s. 

DEWANNY,  the  revenue  department  of  a pro- 
vince. 

DEWEE,  an  ifland  In  South-Carolina,  which  forms 
one  of  the  three  harbors  of  Charleflon  city. — Morse. 

DIABETES  Mell  ITUS  (fee  Medicine,  n®  318, 

&c.  EncycL),  is  fo  formidable  a difeafe,  though  not 
very  frequent,  that  it  would  be  unpardonable  in  us  not 
to  mention  every  method  of  treating  it  fuccefsfully 
which  has  come  to  our  knowledge.  Since  our  article 
Medicine  was  publifhed,  Dr  Iloilo,  furgeon  general 
to  the  royal  artillery,  has  fuggefied  a method  of  treat- 
ing this  difeafe,  which  in_  various  inflances  has  been 
crowned  with  fuccefs. 

The  Doiflor  fnppofes,  that  in  this  complaint  the  ve- 
getable matter  taken  into  the  ftomach  has  not,  from 
fome  defedl  in  this  organ,  undergone  a fufficient  change 
to  form  proper  chyle  : that  in  confequence  of  this,  much 
faccharine  matter  is  evolved,  which,  when  carried  into 
the  circulation,  proves  a general  (limulus,  producing 
head-aches  and  quicknefs  of  pulfe,  but  that  it  ads  more 
remarkably  on  the  kidneys,  occaflonlng  a conflant  and 
copious  fecretion  of  fweet  urine.  From  this  hypoth*- 
fis  he  was  naturally  led  to  adopt  apian  of  cure,  which 
has  proved  completely  fuccefsful.  The  indication  he 
lays  down  are  : i.  To  prevent  the  formation  of  faccha- 
rine matter  in  the  ftomach;  and,  2.  To  remove  the 
morbidly  increafed  adion  of  this  organ,  and  rePcore  it 
to  a healthful  condition.  Thefe  indications  are  to  be 
anfwered  by  a complete  diet  of  animal  food,  and  by  the 
ufe  of  fuch  medicines  as  fhall  diminifh  the  adion  of  the 
ftomach,  and  at  the  fame  time  counterad  the  forma- 
tion of  faccharine  matter.  The  remedies  employed  for 
this  purpofe  have  been  emetics,  kali  fulphuratum,  lime- 
water,  hepatized  ammonia,  and  vegetable  narcotics. 

But  the  principal  dependence  is  to  be  placed  on  a total 
abftinence  from  all  vegetable  matter,  which  alone  can 
fupply  the  faccharine  principle.  By  a regular  perfeve- 
rance  in  this  plan,  the  firft  of  two  patients  was  com- 
pletely cured  in  four  weeks,  although  the  difeafe  had 
been  of  feven  months  continuance.  The  urine,  which 
at  the  commencement  of  the  treatment  was  fweet,  and 
amounted  to  24  pints  dally,  was  at  laft  reduced  to 
pint,  being  at  the  fame  time  free  from  any  faccharine 
impregnation.  The  fecond  patient,  from  his  age  and 
other  circumftances,  although  relieved  from  the  diab&- 
tic  affedion,  did  not  regain  his  wonted  ftate  of  health  ; 
but  even  in  this  cafe,  the  effeds  produced  by  the  treat- 
ment, when  properly  attended  to,  were  moft  decidedly 
in  confirmation  of  this  plan  of  csre. 

The  Dodor  has  received  feveral  communications  in 
confequence  of  the  difperfion  of  the  printed  notes  on 
the  firft  cafe.  The  moft  important  are  the  refult  c.f 
two  cafes  treated  in  this  way  by  Dr  Cleghorn  of  Glaf. 
gow,  and  one  by  Drs  Currie  and  Gerard  at  L verpool; 
all  of  which  afford  the  ftrongeft  corroboration  of  the 
efficacy  of  this  mode  of  treatment. 

DIAMOND,  tlie  moft  precious  of  all  the  gems ; for 
the  nature  of  which  fee  Chemistry,  n^  33,  See.  in  this 
Supplement . 

DlCK’s  R‘iver\x\  Kentucky,  is  a branch  of  Kentucky 
river  which  it  joins  in  a N.  W.  dii  edion.  It  is  about 
50  miles  long,  and  45  yards  wide  a:  the  mouth,  and  ' 

has 
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Didsrot.  has  a number  of  excellent  mill  feats,  and  runs  through  It  is  not  t©  be  fuppofed  that  fuch  men  would  pub. 

a body  of  firft  rate  land. — Morse.  lifh  any  thing  very  defedtive  in  thefe  departments  of 

DIDEROT  (Dionyfius)  of  the  academy  of  Berlin,  fcience  ; but  an  Encyclopedie  mufl;  treat  of  religion;  and 
the  fon  of  a cutler,  was  born  at  Langres  in  1713.  The  to  every  kind  of  religion  they  were  all  fworn  enemies. 
JefuiiB,  with  whom  he  went  through  a courfe  of  ftudy,  They  engaged,  however,  a very  worthy,  though  not 
were  defirous  of  having  him  in  their  order  ; and  one  of  very  acute,  clergyman,  to  futnifh  the  theological  ar. 


his  uncles,  defigning  him  for  a canonry  which  he  had 
in  his  gift,  prevailed  upon  him  to  take  the  tonfure. 

His  father  feems  to  have  known  him  better  ; for  per- 
ceiving that  he  was  not  inclined  to  be  a Jefuit,  nor  fit 
to  be  a canon,  he  fent  him  to  Paris  to  profecute  the 
fludy  of  the  law.  To  the  law,  however,  he  paid  very 
little  attention,  but  devoted  his  time  to  fcience  and  ge- 
neral literature  ; which  fo  offended  his  father,  that  he 
flopped  the  remittance  of  his  pecuniary  allowance,  and 
feemed  for  forne  time  to  have  abandoned  him. 

The  talents  of  young  Diderot  fupplied  him  with  a 
maintenance,  and  drew  him  from  obfcurity.  Accord- 
ing to  his  friends,  his  capacious  mind  embraced  phy- 
fics,  geometry,  metaphyfics,  ethics,  and  the  belles  lettres, 
from  the  time  that  he  began  to  read  with  refle>5lion  ; 
and  it  is  certain  that  he  afpired  at  being  a mafter  in  all 
thefe  departments  of  literature.  His  bold  and  elevated 


imagination  feemed  to  give  him  likewife  a turn  for  poe-  intelligible,  which  occaiioned  him  to  be  called  the  Lyco^ 
try  ; but  he  negledted  it  for  the  fciences.  He  fettled  pjhron  of  philofophy  ; 
at  an  early  period  at  Paris,  where  the  natural  eloquence 
which  animated  his  convcrfation  procured  him  friends 
and  patrons.  What  firft  drew  the  attention  of  the  pub- 
lic to  him  as  an  author,  and  gave  him  a high  reputa- 
tion among  a certain  clafs  of  readers,  was  a fmall  vo- 


under  the  title  of  Etrennes  aux  Efprits-forts. 

This  book  appeared  in  1746,  lamo.  The  adepts 
of  the  new  philofophy  compared  it,  for  perfpicuity,  ele- 
gance, and  force  of  diction,  to  the  Penfees  de  Pafcal. 
But  the  aim  of  the  two  authors  was  widely  different; 
Pafcal  employed  his  talents  and  his  erudition,  which 
was  profound  and  various,  to  fupportand  illuftrate  the 


BINS  in  this  Supplement).  It  was  therefore  applauded 
by  Voltaire  and  D’Alembert,  and  read,  of  courfe,  by 
every  man  and  woman  of  tafte  in  Paris. 

Our  author  was  more  ufually  employed  in  1746, 


when,  together  with  MelTrs  Eidous  and  Tuuijfant,  he  any  clafs  of  readers,  care  was  taken  to  refer  to  them 


publilhed  a general  Dictionary  of  Medicine,  in  fix  vo- 
lumes folio.  This  work,  it  muff  be  confeffed,  has  con- 
fiderable  merit  ; for  though  there  are  in  it  feveral  ar- 
ticles fuperficial  and  erroneous,  there  are  many  others 
or  fuch  deep  and  accurate  difquifition,  as  defervedly  re- 
commend it  to  men  of  fcience. 

It  w'as  about  this  time  that  an  intimacy  was  formed 
between  Diderot  and  D’Alembert,  and  that,  under  the 
diredion  of  Voltaire,  they  formed  the  idea  of  a DiElio- 
tiaire  Encyclopedique.  The  great  objeds  which  they 
had  in  view  when  they  entered  upon  this  work  are  now 
univerfally  known.  D’Alembert  was  a profound  ma- 
thematician, Diderot  had  confiderable  knowledge  in  the 
phyfical  fciences,  more  efpecially  mechanical  philofo- 
phy, and  Voltaire  was  a mafter  of  the  belles  lettres. 


from  the  articles  where  the  queflion  was  dil'cuffed  by  the 
divine.  That  when  employed  in  this  vvay,  Diderot 
feems  to  write  obfeurely,  is  indeed  true  ; but  the  obfcu- 
rity is  not  his.  His  atheifm  was  fo  plain,  that  for  the 
mofi  part  D’Alembert,  or  fome  other  leader  of  the 
gang,  had  to  retouch  his  articles,  and  throw  a miff  over 
them,  to  render  their  intention  the  lefs  obvious. 

Even  with  all  this  care  and  ftudied  obfcurity,  the  de- 
fign  of  the  Encyclopedie  was  too  palpable  not  to  be 
feen,  and  t®o  wicked  not  to  give  offence.  Certain  wild 
pofitions  on  government  and  on  religion  occafioned  the 
impreffion  to  be  fufpended  in  1752.  At  that  time 
there  were  no  more  than  two  volumes  of  the  dictionary 
publilhed  ; and  the  prohibition  of  the  fucceeding  ones 
was  only  taken  off  at  the  end  of  1753.  . Five  new  vo- 
lumes 
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tides  ; and  for  other  branches  of  knowledge,  they  were 
promifed  the  affiftance  of  feveral  men  of  letters,  and  of 
a variety  of  artifts. 

Diderot  took  upon  himfelf  the  defeription  of  arts  and 
trades ; one  of  the  moft  important  departments  of  the 
work,  and  the  moft  acceptable  to  the  public.  To  the 
particulars  of  the  feveral  proceffes  of  the  workmen  he 
fometimes  added  refiedtions,  fpeculations,  and  princi- 
ples, adapted  to  their  elucidation.  But  befides  his 
own  depart.ment,  he  furniffied  articles  on  almoft  every 
other  fubjecl. 

By  thofe  who  knew  not  the  great  aim  of  the  under, 
takers  of  this  work,  it  has  been  regretted  that  Diderot 
was  not  lefs  verbofe,  lefs  of  the  differtator,  and  lefs  in- 
clined to  digreffions.  He  has  alfo  been  cenfured  for 
employing  needlefsly  a fcientific  language,  and  for  hav- 
ing recourfe  to  metaphyfical  dodtrines,  frequently  un- 


for  having  introduced  a number  of 
definitions  incapable  of  enlightening  the  ignorant,  and 
which  the  philofopher  feems  to  have  invented  for  no 
other  purpofe  than  to  have  it  thought  that  he  had  great 
conceptions ; while,  in  fadt,  he  had  not  the  art  of  ex- 
preffing  perfpicuoufly  and  Amply  the  ideas  of  others. 


lume  written  againft  the  Chriftian  religion,  and  intitled  But  thefe  complaints  arife  from  miftaking  entirely  the 
Penfees  Philofophiques ; which  was  reprinted  afterwards  purpofe  for  which  he  wrote. 


It  has  been  completely  proved,  that  one  great  ob- 
jedt  for  which  the  philofophers,  as  they  called  them- 
felves,  undertook  the  compilation  of  the  Encyclopedie 
was  to  fap  the  foundation  of  all  religion.  This  was  to 
be  attempted,  not  diredlly  and  .avowedly ; for  bare-faced 
atheifm  would  not  then  have  been  fuffered  in  France. 
A cloak,  therefore,  was  to  be  worn,  and  the  poifoned 


great  truths  of  our  holy  religion,  which  Diderot  at-  dagger  to  be  concealed  under  it.  Whilft  the  well  mean- 
tacked  by  all  the  difingenuous  arts  of  an  unprincipled  ing  divine  was  fupporting,  by  the  beft  arguments  which 
fophift.  The  Penfees  Philofophiques.,  however,  became  he  could  devife,  the  religion  of  his  country,  Diderot 
popular.  It  contributed  to  promote  the  objedt  of  that  and  D’Alembert  were  overturning  thofe  argumentsun- 
confpiracy  which  had  been  for  fome  timeformed  againft  der  titles  which  properly  allowed  of  no  fuch  difquifi- 
every  thing  which  ennobles  human  nature  (fee  Jaco-  tions.  This  neceffarily  produced  digreffions;  for  the 


greateft  genius  on  earth  could  not,  when  writing  on  the 
laws  of  motion,  attack  the  myfteries  of  Chriftianity 
without  wandering  from  his  fubjedt ; but  that  the  ob- 
jedl  of  thefe  digreffions  might  not  pafs  unnoticed  by 
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Jderot.  lumes  then  fuccefllvely  appeared.  But  m 1757  ® Dew  much  licence,  in  two  other  works,  which  made  a great 
ftorm  arofe,  and  the  book  was  fupprefled.  The  re-  noife.  The  former  appeared  in  1749,  izmo.  intitled 
mainder  did  not  appear  till  about  ten  years  after ; and  Letters  oti  the  Blind  for  the  Ufe  of  thofe  nuho  Set. 
was  then  for  a while  only  privately  diftributed  ; fome  The  free  notions  of  the  author  in  this  work  coft  him 
copies  having  been  fcized  by  government,  and  the  prin-  his  liberty.  He  underwent  a fix  months  imprifonment 
ters  (hut  up  in  the  baftile.  The  merit,  however,  of  at  Viorcennes.  Having  naturally  ftrong  paffions  and  a 
fome  of  the  articles  is  confelTedly  great ; and  the  firft  haughty  fpirit,  and  finding  himfelf  on  a hidden  depri- 
edition  was  quickly  fold  off.  ved  of  liberty  and  of  all  intercourfe  with  human  beings, 

' Thus  was  this  great  work  in  the  prefs  from  1751  to  he  was  threatened  with  the  lofs  of  his  reafon.  The 

I 1767  » during  which  period,  Diderot  and  D’Alembert  danger  was  great ; and  to  prevent  it,  they  were  obli- 

i were  accuftomed  to  frequent  the  coffee-houfes  of  Paris,  ged  to  allow  him  to  leave  his  room,  to  take  frequent 

and  to  enter  with  keennefs  into  religious  difputes : the  walks,  and  to  receive  the  vifits  of  a few  literary  men  ; 
former  attacking  Chriftianity  ; and  the  latter,  under  the  among  whom  J.  J.  Roufleau,  at  that  time  his  friend, 
ma(k  of  piety,  defending  it;  but  always  yielding  to  the  went  and  adminiftered  confolation  to  him,  which  he 
arguments  of  his  opponent.  This  practice  v/as  put  a ought  not  to  have  forgotten. 

ftop  toby  the  police;  and  Diderot,  when  reproached  The  letter  on  the  Blind  was  followed  by  another 
by  the  lieutenant  with  preaching  atheifm,  replied,  “ Ce-  On  the  Deaf  and  Dumby  for  the  Ufe  of  thofe  auho  can 
la  eft  vrai,  je  fuis  athee,  & m’en  fai  gloire.”  Hear  and  Speak;  1751,  2 vols,  i2mo.  Under  this 

Finding  his  impious  converfations  interrupted,  and  title  the  author  delivered  rcfledtions  on  metaphyfics,  on 
the  publication  of  the  Encyclopedie  rendered  tedious  by  poetry,  on  eloquence,  on  mufic.  See.  In  this  eftay  there 
the  vigilance  of  government,  he  thought  of  propaga-  are  fome  good  things,  among  others  abfurd  and  im- 
ting  his  notions  by  other  vehicles.  Alternately  ferious  perfedf.  Though  he  drives  to  be  perfpicuous,  yet  he 
and  fportive,  folid  and  frivolous,  he  publiflbed,  at  the  is  not  always  underftood ; and  this  is  more  his  fault 
very  time  he  was  working  on  the  Didionary  of  Scien-  than  that  of  his  readers.  Of  what  he  has  compofed 
ces,  feveral  prodndions,  which  could  fcarcely  have  been  on  abftrad  fubjeds,  it  has  been  faid  that  it  is  a chaos 
expeded  from  a man  fo  completely  employed.  His  on  which  the  light  (hines  only  at  intervals.  The  other 
Bijoux  indiferets,  ^ vols  izmo,  are  of  this  number — a produdions  of  Diderot  betray  the  fame  defied  of  clear- 
difgufting  work,  even  to  thofe  young  people  who  are  nefs  and  precifion,  and  the  fame  uncouth  emphafis,  for 
unhappily  too  eager  for  following  after  licentious  ro-  which  he  has  always  been  blamed, 
mances.  Even  here  a certain  philofophical  pedantry  The  principal  of  them  are,  i.  Pi  inciples  of  Moral 
appears  in  the  very  palTages  where  it  is  moft  mifplaced,  Philofophy,  1745,  1 zmo  ; of  which  the  Abbe  de  Fon- 
and  never  is  the  author  more  aukward  than  where  he  taine  fpeaks  well,  though  it  met  with  no  great  fuccefs. 
intends  to  difplay  a graceful  eafe.  It  was  our  philofopher’s  fate  to  write  a great  deal,  and 

The  Fils  Naturel,  and  the  Pere  de  Famille,  two  come-  not  to  leave  a good  book,  or  at  leaf!  a book  well  com- 
dies  in  profe,  which  appeared  in  1757  and  1758,  are  not  pofed.  2.  Hiftory  of  Greece,  tranflated  from  the  Eng- 
of  the  fame  kind  with  the  Bijoux  indiferets.  They  are  lilh  of  Stanyan,  3 vols,  izmo;  an  indifferent  tranfla- 
moral  and  affeding  dramas,  where  we  fee  at  once  a ner-  tion  of  an  indifferent  book.  3.  Pieces  on  feveral  Ma- 
vous  ftyle  and  pathetic  fentiments.  The  former  piece  thematical  Subjeds,  1748,  8vo.  4.  Refledions  on  the 
is  a pidure  of  the  trials  of  virtue,  a conflid  between  in-  Interpretation  of  Nature,  1754,  izmo.  This  inter- 
terefts  and  paflions,  wherein  love  and  friendfhip  play  preter  is  very  obfeure.  5.  The  Code  of  Nature,  1755,. 
important  parts.  It  has  been  faid,  that  Diderot  bor-  izmo  ; which  is  certainly  not  the  code  of  Chriftianity. 
rowed  it  from  Goldoni:  but  if  that  be  the  cafe,  the  6.  The  Sixth  Senfe,  1752,  izmo.  7.  Of  public  E- 
copy  does  honour  to  the  original ; and,  with  the  ex-  ducation  ; one  of  that  fwarm  of  publications  produced 
ception  of  a fmall  number  of  feenes,  where  the  author  by  the  appearance  of  Emilius,  and  the  abolition  of  the 
mixes  his  philofophical  jargon  with  the  fentiments  of  Jefuits.  Though  all  the  ideas  of  this  author  could  not 
the  heart,  and  fome  fentences  out  of  place,  the  ftyle  is  be  adopted,  yet  fome  of  them  are  very  judicious,  and 
affeding  and  natural  enough.  In  the  fecond  comedy,  would  be  highly  ufeful  in  the  execution.  8.  Panegyric 
a tender,  virtuous,  and  humane  father  appears,  whole  on  Richardfon.  Full  of  nerve  and  animation.  9.  Life 
tranquillity  is  difturbed  by  the  parential  folicitudes,  in-  of  Seneca.  This  is  the  laft  work  which  he  acknow- 
fpired  by  the  lively  and  impetuous  paflions  of  his  chil-  ledged  ; and  it  is  one  of  thofe  by  Diderot  that  is  peru- 
dren.  This  philofophical,  moral,  and  almoft  tragical  fed  with  moft  pleafure,  even  in  redifying  the  judgments 
comedy,  has  produced  confiderable  effeds  on  feveral  he  paffes  on  Seneca  and  other  celebrated  men.  The 
theatres  of  Europe.  The  dedication,  to  the  princefs  Abbe  Barruel  fays,  that  he  was  the  author  of 
of  Naffau  Saarbuck,  is  a little  moral  trad  of  a Angular  la  NaturCy  which  is  ufually  given  to  Robinet  ; and  it  is 
turn,  without  deviating  from  nature.  This  piece,  writ-  certain,  that  if  he  was  not  the  author,  he  furnilhed 
ten  with  a true  dignity  of  ftyle,  proves  that  the  author  hints,  and  revifed  the  whole.  Yet  the  junto  of  atheifts 
poffeffed  a great  fund  of  moral  fentiments  and  philofo-  were  themfelves  afhanied  of  the  firft  edition  of  that 
phical  ideas.  At  the  end  of  thefe  two  pieces,  publifli-  work  ; and  after  all  Diderot’s  care  to  Improve  it,  the 
ed  together  under  the  title  of  Theatre  de  M.  Dideroty  fubfequent  editions  are,  notwithftanding  his  boafted 
are  dialogues,  containing  profound  refledions  and  novel  knowledge  of  the  laws  of  nature,  contemptible  in  the 
views  of  the  dramatic  art.  In  his  plays  he  has  endea-  eyes  of  a real  mechanical  philofopher. 
voured  to  unite  the  charaders  of  Ariftophanes  and  Pla-  When  a new  edition  of  the  Encyclopedie  \\as  refolved 
to  ; and  in  his  refledions  he  fometimes  difplays  the  ge-  on,  Diderot,  the  editor  of  the  former  edition,  thus  ad- 
nius  of  Ariftotie.  dreffes  the  bookfellers  who  had  undertaken  to  republifh 

This  fpirit  of  criticifm  is  exhibited,  but  with  too  it.  “ The  imperfedions  (fays  he)  of  this  work  origi- 
nated 


Diderot. 


4 
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Diderot,  nated  In  a ^reat  variety  of  caufes.  We  had  not  time  In  the  year  1784  Diderot’s  health  began  vlfibly  to  Dlderoi 


to  be  very  fcrupulous  in  the  choice  of  our  coadjutors. 
Among  fome  excellent  perfons,  there  v/ere  others  weak, 
indifferent,  and  altogether  bad.  Hence  that  motley  ap- 
pearance of  the  work,  where  we  fee  the  rude  attempt  of 
the  fchool-boy  by  the  fide  of  a piece  from  the  hand  of 
a mader  a piece  of  nonfenfe  next  neighbour  to  a fublime 
performance  ; fome  working  for  no  pay,  foon  loft  their 
firft  fervour  ; others,  badly  recompenfed,  ferved  us  ac- 
cordingly. The  Encyclopedie  was  a gulph  into  which  all 
kinds  of  fcribblers  promifcuoufly  threw  their  contribu- 
tions ; their  pieces  ill  conceived,  and  worfe  digefted, 
good,  bad,  contemptible,  true,  falfe,  uncertain,  and 
always  incoherent  and  unequal  ; the  reference,  that  be- 
longed to  the  very  parts  affigned  to  a perfon,  never  fill- 
ed up  by  him.  A refutation  is  often  found  where  we 
fhouid  naturally  exped  a proof.  There  was  no  exa^l 
correfpondence  between  the  text  and  the  plates.  To 
remedy  this  defe<5l,  recourfe  was  had  to  long  explica- 
tions. But  how  many  unintelligible  machines,  for  want 
of  letters  to  denote  the  plates  !”  To  this  ccnfeffion  Di- 
derot added  particular  details  on  various  parts  ; fuch  as 
proved  that  there  were  in  the  Encyclopedie  fubjeds  to 
be  not  only  retouched,  but  to  be  compofed  afrelh  : and 
this  was  what  a new  company  of  literati  and  artifts  fet 
themfelves  to  work  upon  in  the  Encyclopedie  Methodique. 

This  immenfe  work  is  not  yet  completed  ; and  there- 
fore we  cannot  fpeak  of  it  as  a whole  ; but  it  it  is  furely 
not  lefs  verbofe  than  the  former  edition,  nor  do  the  aims 
of  its  editors  appear  to  be  purer.  That  it  contains 
much  valuable  information  in  chemiftry,  and  indeed  in 
every  department  of  phyfical  feience,  no  candid  man 
will  controvert : but  its  articles  on  abftrad  philofophy 
are  prolix  and  cbfcure  ; and  it  betrays  the  fame  impie- 
ty, the  fame  eager  defire  to  corrupt  the  principles  of 
the  rifing  generation,  and  the  fame  contempt  for  every 
thing  which  can  make  mankind  happy  here  or  hereaf- 
ter, with  the  former  edition. 

Notwithftanding  his  numerous  publications,  Diderot 
was  never  rich.  -8oon  after  the  publication  of  the  lad 
volumes  of  the  Encyclopedic,  upon  which  he  had  been 
employed  for  upwaids  of  twenty  years,  his  circumttan- 
ces  were  fo  llraiiened,  that  an  expedient  was  to  be  de- 
viled for  their  improvement.  He  had  long  correfpon- 
ded  with  the  late  Emprefs  of  Ruffia,  whom  be  perfua- 
ded  to  confider  him  as  the  greateft,  or  one  of  the  great- 
eft  economifts  in  France.  In  the  courfe  of  the  cor- 
refpondence  he  had  mentioned  his  own  library  as  one  of 
the  mod  valuable  in  Europe ; and  when  Catharine  want- 
ed to  purchafe  it  and  make  him  librarian,  he  faid  that 
his  conftitution  could  not  fupport  the  cold  climate  of 
St  Peterfburg.  She  offered  to  let  him  keep  it  during 
his  lifetime  in  Paris  ; and  the  library  was  fold  for  an 
immenfe  price.  When  her  ambaffador  wanted  to  fee  it, 
after  a year  or  two’s  payments,  and  the  vifitation  could 
be  no  longer  put  oft,  Diderot  was  obliged  to  run  in  a 
hurry  through  all  the  bookfellers  fhops  in  Germany  to 
fin  his  empty  fhelves  wfith  old  volumes.  He  had  the 
good  fortune  to  fave  appearances  ; but  the  trick  took 
air,  becaufe  he  had  been  niggardly  in  his  attention  to 
the  ambaffador’s  fecretary.  This,  however,  did  not 
hinder  him  from  vifiting  his  Imperial  pupil,  to  whom  he 
told  a poor  ftory,  in  hopes  of  getting  his  daughter  mar- 
ried w’ith  parade,  and  patronized  by  her  majefty  ; but 
it  was  feen  through,  and  he  was  diftppointed. 


decline,  and  one  of  his  domeftics,  perceiving  that  his  II 
death  w^as  at  no  great  diftance,  acquainted  him  with 
his  apprehenfusns,  and  addrefledhim  on  the  importance 
of  preparing  for  another  world.  He  heard  the  man  with 
attention,  thanked  him  kindly,  acknowledged  that  his 
fituation  required  ferioufnefs,  and  premifed  to  weigh 
well  what  he  had  faid.  Some  time  after  this  converfa- 
tion  he  defired  that  a prieft  might  be  brought ; and  the 
fame  doraeftic  introduced  to  him  M.  de  Farfac,  Cure  de 
Sc  Sulpice.  Diderot  faw  this  ecclefiaftic  feveral  times, 
and  was  preparing  to  make  a public  recantation  of  his 
errors.  Condorcet  and  the  other  adepts  now  crowded 
about  him,  perfuaded  him  that  he  was  cheated,  that  his 
cafe  was  not  fo  dangerous  as  it  wras  faid  to  be,  and  that 
he  only  wanted  the  country  air  to  reftore  him  to  health. 

For  fome  time  he  refifted  their  attempts  to  bring  him 
back  to  athelfm,  but  was  at  laft  prevailed  upon  to  try 
the  effeift  of  the  country  air.  His  departure  was  kept 
fecret,  and  he  was  concealed  in  the  country  till  the  2d 
of  July,  when  he  died.  His  dead  body  was  fecretly 
brought  back  to  Paris,  and  a report  was  fpread  and  be- 
lieved, that  he  died  fuddenly  on  rifing  from  the  table, 
without  remorfe,  and  with  his  atheifm  unfhaken. 

To  draw  a formal  charafler  of  this  wretch  is  furely 
fuperfluous.  His  friends  extol  his  franknefs,  his  difm- 
tereftednefs,  and  his  integrity  ; but  except  his  grofs 
avowal  of  atheifm,  which  may  in  France  be  called  frank- 
nefs, this  charafter  is  belled  by  every  Iranfaftion  of  his 
life.  He  married,  and  had  a daughter,  as  has  been  al- 
ready mentioned.  M.  Bauze,  referred  to  by  Abbe 
Barruel,  coming  one  day  into  Diderot’s  houfe,  found 
him  explaining  to  this  daughter  a chapter  cf  the  gof- 
pel.  When  he  exprefied  fome  furprife  at  this  conduit, 
Diderot  faid:  “J’entends  ce  que  vous  voulez  dire; 
mais  au  fond,  quelles  meilleures  le9ons  pourrois-je  lui 
donner,  on  trouverai  je  mieux  ?”  It  was  a common 
afiertion  of  Diderot’?,  that  between  him  and  his  dog 
“ il  n’y  avoit  de  diiFerence  que  habit.”  In  uttering 
this  fentiment,  he  refembled  not  Pope’s  Indian  with 
untutored  mind, 

“ Who  think?,  admitted  to  that  equal  fky, 

“ Flis  faithful  dog  (hall  bear  him  company.” 

The  Indian  hopes  to  carry  his  dog  with  him  to  hea- 
ven ; but  Diderot  hoped  to  die  like  a dog,  and  to  be 
as  if  he  had  never  been. 

DIFFERENTIAL  method.  Is  the  art  of  working 
with  the  dilferences  of  quantities.  By  this  method  any 
term  of  a feries  may  be  found  from  the  feveral  orders  t f 
differences  being  given  ; or  vice  verfa,  any  difference 
may  be  found  from  having  the  terms  of  the  feries  given  : 
it  likewife  fiiews  how  to  find  the  fum  of  fuch  a feries. 
And  it  gives  rules  to  find  by  interpolation  any  inter- 
mediate term,  which  is  not  expreifed  in  the  feries,  by 
having  its  place  or  pofition  given. 

When  any  feries  of  quantities  is  propofed,  take  the 
firft;  term  from  the  fecoud,  the  fecond  from  the  third, 
the  third  from  the  fourth,  &c.  then  all  thefe  remainders 
make  a new  feries,  called  ihtfijl  order  of  dijerences.  In 
this  new  feries  take  the  firft;  term  from  the  fecond,  the 
fecond  from  the  third,  the  third  from  the  fourth,  &c. 
as  before;  and  thefe  remainders  jnake  another  feries, 
called  the  fecond  order  of  differences.  In  like  manner, 
in  this  feries,  take  the  firft  term  from  the  fecond,  the 

fecond 
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and  thefe  will  make  a feries  — 12B — 6C  -f-  4A  -j-  12B  4-  ^ 2C  4D  4-  E ; 


Pifierentlal  fecond  from  the  third,  &c 

Method,  called  the  third  order  of  d'tjferences  ; and  after  this  man- 
ner you  may  proceed  as  far  as  you.  will.  Thus  in  the 
following  propofition  A,  b,  d,  <r,  &c.  is  the  feries  ; 
B,  B*,  B^,  B‘‘,  &c.  the  firft  order, of  differences;  C, 
C^,  G^,  &c.  the  fecond  order  of  differences  ; D,  D*,  &c. 
the  third  order;  E,  6{c.  the  fourth  order,  and  fo  on. 
But  the.ffrft  terms  of  thefe  faveral  orders  of  differences, 
as  B,  C,  D,  E,  &c.  are  thofe  that  are  principally  made 
ufe  of  in  calculations  by  this  method. 

Prop.  I.  If  there  be  any  feries.  A,  I,  c,  d,  e,  &c. 
and  if  there  be  taken  the  firft  differences  E,  B^,  B^,  &c. 
the  fecond  differences  C,  C*,  C^,  &c.  the  third  differen- 
ces D,  D*,  &c.  and  fo  on. 

Then  if  T ftand  for  the  firft  term  of  the  «th 


i ; 


f — A.  4E  4“  6C  4“  4^^  “f”  Ej  &c. 

Then  putting  A,  b,  c,  d,  &c.  fur  the  «th  term,  and 
n fucceflively  = i,  2,  3,  4,  &c.  the  feries  will  be  evi- 
dent. 

Cor.  I.  If  d',  d",  d"',  &c.  be  the  firft  of  the  firft,  fe- 
cond, third  order,  &c.  of  differences  ; then 

The  Kth  term  of  the  feries  A,  b,  c,  d,  See.  will  be 

= A 4-  “ d'  4-  ^ X —d'<  4- 
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d""  4- 


&c.  And  the  co- 


— d Jf-  n X — 


X 
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is,  -}-  T,  when  n is  even,  and  — T when  n is  odd. 
The.  feveral  orders  of  differences  being  taken  as  be- 


fore diredted,  will  ftand  thus 
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c — b 


y e,  8cc. 
e — d,  &c. 
c — 2^-f-A,  d — 2c-^b,e — 2d-\-c,  &c. 
d — 3r-f-3^ — A,e — 3d+3r — b,  &c.  , 
e — 4d4-6c — 4^4- A,  &c. 


ith  power. 

Hence  alfo  it  follows,  that  any  term  of  a 
^ given  feries  may  be  accurately  determined,  if  the  dif- 
&c.  that  ferences  of  any  order  happen  at  laft  to  be  equal. 

Cor.  3 Hence 
A=A,  the  firft  term. 

^=A4*B,  the  2d  term. 
c=A4-2B-i-C,  the  3d  term. 
d=A-|~3B-|-3C4-D,  the  4th  term. 
e=A4-4B-|-6C-!-4D4-E,  the  5th  term. 

/=A-f-5B-|-  10C4- 10D4-5E4-F,  the  6th  term. 
^=A-j-6B4-  15C4-20D-I-  i5E-j-6F-j-G,  the  7th  term, 
&c. 

Prop.  III.  If  a,  h,  c,  d,  e,  &c.  be  any  feries,  and  d' 
d",  d"'y  &c.  the  firft  of  the  feveral  orders  of  differences  ; 
then 

The  fum  of  n terms  of  the  feries  h =z  n a -{■  n 


That  is,  B = 3 — A,  C=zc — 2^4"-^^>  H = d — 3^'4*3^ 
— ^A,  E =r  e — 4d  4-  6e — ^b  -J-  A,  &c.  or — B = A — by 
C = A — 2b  -}-  Cy  — D =:  A — 3^  -i-  3c — d,  -f-  E = A 
— if  4"  6c — 4d  -f-  e,  &c.  where,  putting  T fucceflivefy 
. equal  to  B,  C,  D,  E,  &c.  and  « = i,  2,  3,  4,  &c.  the 
prop,  will  be  evident. 

Cor.  Hence 
A— A,  the  firft  term. 

B= — A-\-b,  the  firft  difference. 

C=  A — 2^-j-c,  the  2d  difference. 

D=: — A-f3^ — 3^4“^>  fhe  3d  difference. 

E=  A — 43-j-6c — 4d-f-c,  the  4th  difference. 

F=— A4-5^—  IOC  + lod — 5c -j-  f,  the  5th  difference, 
&c. 

Prop.  II.  If  A,  by  c,  d,  e,  8cc.  be  any  feries,  and 
there  be  taken  B,  C,  D,  E,  See.  the  firft  of  the  feveral 
orders  of  differences; 

Then,  the  «th  term  of  the  feries  will  be  = A 


X ^d'4-»x  — 
2 2 

XjLlZld'"+nxl. 


3 

X” 


• d"4-«  X 
~^x”  — 


X 


2 3 

3 X » — 4d'"^ 
5 


4 234 

&c. 

For  in  the  feries  of  quantities, 

0 y ez  f Q’fby  ^4-^4“^>  -f- 3 -f- c 4“ bcc 


I ft  diff.  are  a , b , c 
2d  dff.  d'  , d'z  , d'3 

3d  diff.  d"  , <f'z 

4th  diff.  d'"  , 

Therefore  (by  Cor.  i.  Prop.  II.)  the  « -j-  ith  term 
of  the  feries  0,  a,  a-\-b,  a-^b-\-c,  a-\-b-\-c-\-dy  Sec.  or 
the  «th  term  of  the  feries,  a,  a+b,  a,  -|-3-fc,  a-\-b-\-c 


d , &c. 

, Sec. 

, Sec. 

Sec.  


4-d,  &c.  is=zo-^na-}-nX. 


-d'+  ^X 


+ ' 
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:ix^ 
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E-f,  Sec. 


1234 
For  from  the  equations  in  the  laft  Prop.  viz.  B =r  ^ 
— A,  C = <•  — 2^  -|-  A,  Sec.  we  have,  by  tranfpofing, 
^ — A -J7  B,  — — A -j-  2^  -j-  C zs  — A -j-  2 A -}-  2B  -J-  C 
(expunging  b)  ; that  is, 

c=z  A -f- 2B -j- C,  d~A — 3^-f-3c4-H  = A — 3A — 3B 
4-  3A  -f-  6B  4-  3C  -I-  D (expunging  b and  c)  ; that  is, 
d=  A4-3B4.3C4-D.  Alfo  e — — A -|- 4^ — 6c — qd 
-1-  E = (expunging  by  c,  d,)  — A -p  4A  -j-  4B  — 6A 
SuPFL.  VoL.  I. 


Ld"  -{-  Sec.  But  the  «th  terra  of  the  feries  Oy 

^ 3 

fl  4-  a-\-b-\-c.  Sec.  is  the  fum  of  n terras  of  the  fe- 

ries, a,  b,  c,  d,  &c.  and  therefore  equal  to  n a -{•  n X 

” — ^d'  -t-  « X ” ^ X ” ^ d''  4-  &c. 

2 23 

For  a fuller  account  of  this  method  and  its  applica- 
tion to  curves,  we  refer  the  reader  to  Emerfon’s  works, 
from  which  thefe  three  propofitions  are  taken. 

DIFFRACTION,  a term  firft  ufed  by  Grimaldi, 
to  denote  that  property  of  the  rays  of  light,  which 
others  have  called  inflexion  ; the  difeovery  of  which  is 
attributed  by  fome  to  Grimaldi,  and  by  others  to  Dr 
Hook. 

DIGBY,  fituated  on  the  S.  E.  fide  of  Annapolis 
bay,  18  miles  S.  W.  of  Annapolis,  and  53  N.  by  E. 
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Digge*-  6f  Yarmouth,  is  one  of  the  moft  confiderahle  of  the 
new  fettlenrients  in  Nova-Scotia. — Morse, 

“DIGGES  (Leonard),  an  eminent  mathematician  of 
the  1 6th  century,  was  defcended  from  an  ancient  fami- 
ly, and  born  at  Digges-court,  in  the  parifli  of  Barham 
in  Kent ; but  we  know  not  in  what  year.  He  was  fent 
to  Univerlity-college  in  Oxford,  where  he  laid  a good 
foundation  of  learning  and  fcience,  and  retiring  thence 
without  a degree,  profecuted  his  ftudies,  and  compofed 
the  following  works:  i.  “ Tedonicum  : briefly  (hew- 
ing the  exa^  Meafuring,  and  fpeedy  Reckoning  of  all 
manner  of  Lands,  Squares,  Timber,  Stones,  Steeples, 
&c.  1556,”  4to.  Augmented  and  publifhed  again 
•by  his  fon  Thomas  Digges,  1592,  4to,  and  re- 
printed in  1647,  4to.  2.  “ A geometrical  pradtical 
Treatife,  named  Pantoinetria,  in  three  books.”  This 
-he  left  in  manufcript ; but  after  his  death  his  fon 
fupplied  fuch  parts  of  it  as  were  obfcure  and  imper- 
fefl,  and  publifiied  it  in  1591,  folio  ; fubjoining,  “ A 
Difcourfe  geometrical  of  the  fiv'e  regular  and  platonical 
bodies,  containing  fundry  theoretical  andpradical  pro- 
pofitions,  arifing  by  mutual  conference  of  thefe  folids,  in- 
icription,  circumipedion,  and  transformation.”  3. 

Prognoftication  everlafting  of  right  good  Effed : or. 
Choice  Rules  to  judge  the  Weather  by  the  Sun,  Moon, 
.and  Stars,  &c.”  1555,  1556,  and  1564,  4to,  correded 
and  augmented  by  his  fon,  with  divers  general  tables, 
and  many  compendious  rules,  1592,  4to.  He  died 
.about  1574. 

Digges  (Thomas),  only  fon  of  Leonard  Digges, 
after  a liberal  fchool  education,  went  and  ftudied  for 
fome  time  at  Oxford  ; and  by  the  improvements  which 
he  made  there,  and  the  inftrudions  of  his  learned  fa- 
ther, became  one  of  the  greateft  mathematicians  of  his 
age.  When  Queen  Elizabeth  fent  fome  forces  to  af- 
fifl;  the  eppreflcd  inhabitants  of  the  Netherlands,  Digges 
was  appointed  mufler  mafter-general  of  them  ; by  which 
he  had  an  opportunity  of  becoming  (killed  in  the  art  of 
war,  Befides  revifing,  correding,  and  enlarging  fome 
pieces  of  his  father’s  already  mentioned,  he  wrote  and 
publiflied  the  following  learned  works  himfelf,  namely, 
I.  “ five  fcala  Maihematica  ; or.  Mathematical 
Wings  or  Ladders,  1573,”  4to.  This  book  contains 
feveral  demonflrations  for  finding  the  parallaxes  of  any 
comet  or  other  celefiial  body,  with  a corredion  of  the 
errors  in  the  ufe  of  the  radius  ajlronomicus.  2.  “ An 
arithmetical  military  Treatife,  containing  fo  much  of 
Arithmetic  as  is  neceffary  towards  military  Difcipline, 
1579,”  4to.  3.  “ A geometrical  Treatife,  named  5/A-a- 
tiotkos,  requifite  for  the  perfedion  of  foldiers,  1579,” 
4to.  This  was  begun  by  his  father,  but  finifhed  by 
himfelf.  They  were  both  reprinted  together  in  1590, 
W'ith  feveral  amendments  and  additions  under  this  title, 
“ An  arithmetical  v/arlike  Treatife,  named  Slraliotlcos, 
compendioufly  teaching  the  fcience  of  numbers,  as  well 
In  fradions  as  integers,  and  fo  much  of  the  rules  and 
equations  algebraical,  and  art  of  numbers  coeffical,as  are 
requifite  for  the  profeSion  of  a fouldier.  Together  with 
the  moderne  militarie  difcipline,  offices,  lawes,  and  or- 
ders in  every  well-governed  campe  and  armie,  inviolably 
to  be  obferved.”  At  the  end  of  this  work  there  are 
two  pieces  5 the  firft  intitled,  A briefe  and  true  re- 
port of  the  proceedings  of  the  Earle  of  Leycefler,  for 
the  reliefe  of  the  towne  of  Sluce,  from  his  arrival  at 
Vlilhing,  about  the  end  of  June  1587,  untill  the.  fur- 


rendrie  thereof  26  Julii  next  enfuing.  Whereby  it  ftiall  DigKton 
plainelie  appear,  his  Excellencie  was  not  in  anie  fault  i 
for  the  lo(Te  of  that  towne” — The  fecond,  “ A briefe  dif- 
courfe  what  orders  were  beft  for  repulfmg  of  foraine 
forces,  if  at  any  time  they  (hould  invade  us  by  fea  in 
Kent,  or  elfewhere.”  4.  “ A perfed  defcription  of 
the  celeftial  orbs,  according  to  the  moft  ancient  dodrine 
of  the  Pythagoreans,  &c.*’  This  was  placed  at  the  end 
of  his  father’s  “ Prognoftication  everlafting,  3cc.”  print- 
ed in  1592,  4to.  5.  “ A humble  motive  for  alTociation 
to  maintain  the  religion  eftabliflied,  1601,”  8vo.  To 
which  is  added,  his  “ Letter  to  the  fame  purpofe  to 
the  Archbi(hops  and  Biftiops  of  England.”  6.  “ Eng- 
land’s Defence : or,  a Treatife  concerning  Invafion.” 

Tliis  is  a trad  of  the  fame  nature  with  that  printed  at 
the  end  of  his  Stratioticos,  and  called,  “ A briefe 
Difcourfe,  &c.”  It  was  written  in  1599,  P“b- 

lilhed  till  1686.  7.  “ A Letter  printed  before  Dr  John 
Dee’s  Parallatica  Comment ationis  praxeofque  nucleus  qui- 
daniy  1573,”  4to.  Befides  thefe  and  his  No’ua  Corpora^ 
he  had  by  him  feveral  mathematical  treatifes  ready  for 
the  prefs  ; which,  by  reafon  of  law-fuits  and  other  avo- 
cations he  was  hindered  from  publilhing.  He  died  in 
1595,  but  we  know  not  at  what  age. 

DIGHTON,  a poft  town  in  Briftol  co.  Maflachu- 
fetts,  7 miles  from  Taunton,  and  20  from  Warren,  in 
Rhode-Ifland.  There  are  236  houfes  in  the  townlhip, 
and  1793  inhabitants. — Morse. 

DIMINUTION,  in  mufic,  is  the  abating  fomething 
of  the  full  value  or  quantity  of  any  note. 

DINWIDDIE,  a co.  in  Virginia,  S.  of  Appamat- 
tox  river,  which  divides  it  from  Chefterfield.  It  is 
about  30  miles  long,  and  20  broad,  and  its  chief  town 
is  Peterlburg. — Morse. 

DIOPHANTUS,  a celebrated  mathematician  of 
Alexandria,  has  been  reputed  to  be  the  inventor  of 
algebra ; at  leaft  his  is  the  earlieft  work  extant  on 
that  fcience.  It  is  not  certain  when  Diophantus  lived. 

Some  have  placed  him  before  Chrift,  and  fome  after, 
in  the  reigns  of  Nero  and  the  Antonines  ; but  all  with 
equal  uncertainty.  It  feems  he  is  the  fame  Diophan- 
tus who  wrote  the  Canon  Aftronomicus,  which  Suidas 
fays  was  commented  on  by  the  celebrated  Hypatia, 
daughter  of  Theon  of  Alexandria.  His  reputation 
rauft  have  been  very  high  among  the  ancients,  fince 
they  ranked  him  with  Pythagoras  and  Euclid  in  ma- 
thematical learning.  Bachet  in  his  notes  upon  the  5th 
book  De  Arithmeticis,  has  collected, from  Diophantus’s 
epitaph  in  the  Antbologia,  the  following  circumftances 
of  his  life,  namely,  that  he  was  married  when  he  was 
33  years  old,  and  had  a fon  born  five  years  after;  that 
this  fon  died  when  he  was  42  years  of  age,  and  that  his 
father  did  not  furvive  him  above  four  years  ; from  which 
it  appears  that  Diophantus  was  84  years  old  when  he 
died. 

DIOPTER  or  Dioptra,  the  fame  with  the  index 
or  alhidade  of  an  aftrolabe  or  other  fuch  inftrument. 

Dioptra  was  an  inftrument  invented  by  Hipparchus,, 
which  ferved  for  feveral  ufes  ; as,  to  level  water-courfes  ; 
to  take  the  height  of  towers,  or  places  at  a diftance  ; to 
determine  the  places,  magnitudes,  and  diftances  of  the 
planets,  &c. 

DIRECT,  in  arithmetic,  is  when  the  proportion  of 
any  terms,  or  quantities,  is  in  the  natural  or  dired  or- 
der in  which  they  (land  j being  the  oppofite  to  inverfe. 

which, 
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I iDiredlion  which  confiJers  the  proportion  in  the  Inverted  order  of  With  all  thefe  dlfadvantages,  the  Dlfmal  is,  In  many 

' i If  the  terras.  So,  3^4*  >6:8  direftly  ; or  3 : 4 ; : 8 ; 6 places,  pleafing  to  the  eye,  though  difagreeable  to  the 

I inverfely.  ^ _ other  fenfes. 

DIRECTION,  in  Aftronoray,  the  motion  and  other  This  dreadful  fwamp  was  jadged  ImpafTable,  till  the 
phenomena  of  a planet  when  diredt.  line,  dividing  Virginia  from  N.  Carolina,  was  carried 

:1  Direction,  in  aftrology,  is  a kind  of  calculus,  by  through  it,  in  N.  lat.  36.  28.  in  the  year  1728,  by  or- 

7 which  they  pretend  to  find  the  time  in  which  any  not-  der  of  king  George  II.  Although  it  happened  then  to 

? able  accident  fhall  befal  the  perfon  whole  horofcope  is  be  a very  dry  feafon,  the  men  who  w^ere  employed  in 

‘ drawn.  pufiiing  the  line  were  not  altogether  free  from  appre- 

I DISCRETE  Quantity,  is  fuch  as  is  not  conti-  henfions  of  being  ftarved  ; it  being  10  whole  days  be- 

i nued  and  joined  together.  Such,  for  inftance,  is  any  fore  the  work  was  accomplifhed,  though  they  proceed- 

I number.  ed  with  all  poffible  diligence  and  refolution,  and  befides 

DISMAL,  a fvvamp  in  the  townfhip  of  Milton,  had  no  difafter  to  retard  them. 

Lincoln  CO.  diftrift  of  Maine. — Morse.  This  fwamp  is  chiefly  owned  by  two  companies, 

j Dismal  Sivamp,  called  the  Great  Dlfmal,  to  didin-  The  Virginia  company,  of  which  General  Walhingtcn 

i guilh  it  from  another  fwamp  called  Difmal,  in  Curri-  is  one,  owns  100,000  acres : the  North-Carolina  com- 

i tuck  CO.  is  a very  large  bog  extending  from  N.  to  S.  pany  owns  40,000  acres.  In  the  midft  of  the  fwamp 

, ‘ near  30  miles,  and  from  E.  to  W.  at  a medium  about  is  a lake,  about  7 miles  long,  called  Drummond’s 

! 10  miles;  partly  in  Virginia,  and  partly  in  North-  pond,  whofe  waters  difcharge  themfelves  to  the  S.  into 

Carolina.  No  lefs  than  5 navigable  fivers,  befides  Pafquotank  river,  which  empties  into  Albemaile  found  ; 

I creeks,  rife  out  of  it ; whereof  two  run  into  Virginia,  on  the  N.  into  Elizabeth  and  Nanfemond,  rivers,  which 

vr  viz.  the  S.  branch  of  Elizabeth,  and  the  S.  branch  of  fall  into  James  river.  A navigable  canlil  is  now  dig- 

. I Nanfemond  river,  and  3 into  North-Carolina,  namely,  ging  to  connedt  the  navigable  waters  of  the  Pafquotank 

North  river,  North-Weft  river  and  Perquimons.  All  and  Elizabeth  rivers.  The  diftance  about  14  miles. 

■ thefe  hide  their  heads,  properly  fpeaking,  in  the  Dif-  This  canal  will  pafs  about  a mile  E.  of  Drummond’s 

^ mal,  there  being  no  figns  of  them  above  ground,  pond,  and  will  receive  water  from  it.  The  C!Tnal  com- 

;j  For  this  reafon  there  muft  be  plentiful  fubterraneous  pany  are  incorporated  by  the  concurring  laws  of  Vir- 

ftores  of  water  to  feed  fo  many  rivers,  or  elfe  the  foil  ginia  and  North-Carolina.  I'his  canal,  when  finilhed, 
is  fo  replete  with  this  element,  drained  from  the  high-  will  open  an  inland  navigation  from  the  head  of  Chefa- 
I - lands  that  furround  it,  that  it  can  abundantly  afford  peak  bay,  including  all  the  rivers  in  Virginia,  to 
thefe  fupplies.  This  is  moft  probable,  as  the  ground  Georgetown  in  South  Carolina  ; and  when  the  Ifiort 
i of  the  fwamp  is  a mere  quagmire,  trembling  under  the  canal  from  Elk  river  to  Chriftiana  creek  is  opened,  the 

I feet  of  ihofe  that  walk  upon  it,  and  every  impreffion  is  communication  will  extend  to  Philadelphia  and  the 

3 inftantly  filled  with  water.  The  fkirts  of  the  fwamp,  other  ports  connefled  with  Delaware  river.  Such  an 

towards  the  E.  are  overgrown  with  reeds,  10  or  12  extenfive  inland  communication  muft  be  beneficial  in 
j feet  high,  interfperfed  every  where  with  ftrong  bamboo  time  of  peace,  and  in  time  of  war  will  be  eftentially 

|i  briers.  Among  thefe  grow  here  and  there  a cyprefs  ferviceable. — ib. 

i or  white  cedar,  w'hich  Taft  is  commonly  miftaken  for  DITTON  (Humphry)  an  eminent  mathematician, 

! the  juniper.  Towards  the  S.  end  of  it  is  a large  tracft  was  born  at  Salifbury,  May  29,  1675.  Being  an  on- 

of  reeds,  which  being  conftantly  green,  and  waving  in  ly  fon,  and  his  father  obferving  in  him  an  extraordi- 
I the  wind,  is  called  the  green  fea.  In  many  parts,  ef-  nary  good  capacity,  determined  to  cultivate  it  with  a 

pecially  on  the  borders,  grows  an  ever  green  fhrub,  good  education.  For  this  purpofe  he  placed  him  in  a 
i very  plentifully,  called  the  gall  bufii.  It  bears  a berry  reputable  private  academy,  upon  quitting  of  which  he, 

! which  dies  a black  color  like  the  gall  of  an  oak,  at  the  defire  of  his  father,  though  againft  his  own  incli- 

whence  it  has  its  name.  Near  the  middle  of  the  Dif-  nation,  engaged  in  the  profeffion  of  divinity,  and  began 
;i  mal  the  trees  grow  much  thicker,  both  cyprefs  and  to  exercife  his  fun»5Hon  at  Tunbridge  in  the  county  of 

' cedar.  Thefe  being  always  green,  and  loaded  with  Kent,  where  he  continued  to  preach  fome  years  ; during 

I very  large  tops,  are  much  expofed  to  the  wind  and  eafi-  which  time  he  married  a lady  of  that  place. 

ly  blown  down,  the  boggy  ground  affording  but  a But  a weak  conftitution,  and  the  death  of  his  father, 
{lender  hold  to  the  roots.  Neither  beaft,  bird,  infeift  induced  Mr  Ditton  to  quit  that  profefflon.  And  at 

^ or  reptile,  approach  the  heart  of  this  horrible  defert;  the  perfuafion  of  Dr  Harris  and  Mr  Whifton,  both 

perhaps  deterred  by  the  everlafting  ftiade,  occafioned  eminent  mathematicians,  he  engaged  in  the  ftudy  of 

I by  the  thick  Ihrubs  and  bufhes,  which  the  fun  can  ne-  mathematics ; a fciencc  to  which  he  had  always  a ftrong 

ver  penetrate,  to  warm  the  earth : nor  indeed  do  any  inclination.  In  the  profecution  of  this  fcience,  he  was 

birds  care  to  fly  over  it,  any  more  than  they  are  faid  much  encouraged  by  the  fuccefs  and  applaufe  he  re- 

to  do  over  the  lake  Avernus,  for  fear  of  the  noifome  ceived  : being  greatly  efteemed  by  the  chief  profeffors 

exhalations  that  rife  from  this  vaft  body  of  filth  and  of  it,  and  particularly  by  Sir  Ifaac  Newton,  by  whofe 

naftinefs.  Thefe  noxious  vapours  infedl  the  air  round  intereft  and  recommendation  he  was  eleifted  mafter  of 

I about,  glvmg  agues  and  other  diftempers  to  the  neigh-  the  new  mathematical  fchool  in  Chrift’s  Hofpital ; 

boring  inhabitants.  On  the  weftern  border  of  the  Dil-  where  he  continued  till  his  death,  which  happened  in 

\ mal  is  a pine  fwamp,  above  a mile  In  breadth,  great  1715,  in  the  40th  year  of  his  age,  much  regretted  by 

part  of  which  is  covered  with  w'ater  knee  deep  ; the  the  philofophical  world,  who  expedled  many  ufeful  and 

bottom,  however,  is  firm,  and  the  pines  grow  very  ingenious  difcoveries  from  his  aftiduity,  learning,  and 

tall,  and  are  not  eafily  blown  down  by  the  wind,  penetrating  genius. 
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Dixon’s  machine,  that  which  approaches  neareft  to  the  diving- 
■ II  bell  is  in  a bcok  on  fortification  by  Lorini  ; who  de- 
Donungo.  ^ fquare  box  bound  round  with  iron,  which  is 

furnilhed  with  windows,  and  has  a (tool  affixed  lo  it  for 
the  diver.  This  ingenious  contrivance  appears,  how- 
ever, to  be  older  than  that  Italian  ; at  leall  he  does  not 
pretend  to  be  the  inventor  ot  it. 

In  the  year  1617,  Francis  Kefsler  gave  a defcription 
of  his  water-armour  intended  alfo  for  diving,  but  which 
cannot  really  be  uied  for  that  purpofe.  In  the  year 
1671,  Witlen  taught,  in  a better  manner  than  any  of 
his  predecefTors,  the  con(lru(5lion  and  ufe  of  the  diving- 
bell  ; but  he  is  much  mifiaken  when  he  fays  that  it  was 
invented  at  Amfierdam.  In  1679  appeared,  for  the 
firfl  time,  Borelli’s  well  known  work  de  motu  animalium, 
in  which  he  not  only  defcribed  the  diving-bell,  but  alfo 
propofed  another,  the  impradicabihty  of  which  w'as 
Ihewn  by  James  Bernoulli.  When  Sturm  publiihed  his 
Collegium  curiofum  in  1678,  he  propofed  fome  hints  for 
the  improvement  of  this  machine,  on  which  remarks 
were  made  in  the  journal  des  fgavans.  To  him  fuc- 
ceeded  Dr  Halley,  whole  bell  is  well  known, 

DIXON’s  Sound,  on  the  N.  W.  coall  of  N.  Ameri- 
ca, is  the  paflage  into  the  found  between  the  main  land 
and  Waffiing ton’s  or  Queen  Charlotte’s  iflands,  from 
the  N.  W.  This  feems  to  be  what  is  called  in  Ame- 
rica Barren's  Sound. — Morse. 

DOBB’s  Ferry,  on  Hudfon  river,  is  26  miles  above 
New-York  city, — th. 

Dobb’j  Co.  in  Newbern  diflrid,  N.  Carolina,  has 
been  divided  into  two  counties,  viz.  Glafgow  and  Le- 
noir, fince  the  cenfus  of  1790,  and  the  name  no  longer 
exifts.  It  contained  6893  inhabitants,  of  whom  1915 
were  flaves. — ih. 

DODECATEMORY,  the  12  houfes  or  parts  of 
the  zodiac  of  the  primum  mobile.  Alfo  the  12  iigns 
of  the  zodiac  are  fometimes  fo  called,  becaufe  they  con- 
tain each  the  i2th  part  of  the  zodiac. 

DOG-RIBBED  Indians,  inhabit  round  lake  Ed- 
lande,  in  the  N.  W.  part  of  N America.  They  are 
often  at  war  with  the  Arathapefcow  Indians  B<'th 
thefe  tribes  are  among  the  molt  favage  of  the  human 
race.  They  trade  with  the  Hudfon  bay  company’s 
fettlements.  Eolande  lake  lies  N.  of  the  Arathapef- 
covv  fea,  or  lake,  and  near  tiie  ardtic  circle. — Morse. 

DOME,  See  Arch  in  this  Supplement. 

DOMINGO,  or  St  Domingo.  See  Hispaniola, 
both  in  Encycl.  and  in  this  Supplement. 

Domingo,  St,  an  ifland  in  the  Atlantic  ocean,  at 
the  entrance  of  the  gulf  of  Mexico,  is  one  of  the  four 
great  Antilles,  the  larged  of  them  all,  except  the  ifland 
of  Cuba,  and  proved  the  cradle  of  European  power  in 
the  new  world.  Chridopher  Columbus  landed  on  it 
the  6th  of  Dec.  1492.  The  natives  called  it  Hayti, 
fignifying  high  or  mountainous  land.  Charlevoix  fays 
it  w’a»  called  ^lifqueya,  that  is,  great  country,  or  mo- 
ther of  countries.  Others  fay  it  had  the  name  of  Bohio, 
which  means,  a country  full  of  habitations  and  villa- 
ges. Columbus  called  it  Hi/fianiola,  or  Little  Spain, 
which  name  the  Spaniards  dill  retain,  though  St  Do- 
mingo is  the  name  commonly  ufed  by  other  nations  ; 
fo  called  from  St  Domingo,  the  capital  of  the  Spanilh 
part  ; which  was  thus  named  by  Colurnbus  in  honor 
of  his  father.  St  Domingo  is  fituated  between  17.  55. 
and  20.  N.  latitude,  and  between  71.  and  77.  W. 


longitude  from  Paris.  It  lies  45  leagues  E.  N.  E.  of  Domingo. 
Jamaica,  22  S.  E.  of  Cuba,  and  20  N.  W.  by  W.  of 
Porto  Rico  ; and  is,  not  including  the  fmall  dependent 
iflands  that  furround  it,  160  leagues  long  from  E.  to 
W.  and  from  60  to  70  broad  from  N.  to  S.  When 
the  Spaniards  difcovered  the  ifland,  there  were  on 
it  at  lead  a million  of  happy  inhabitants,  and  Bar- 
tholomew de  las  Cafas  fays  there  were  three  millions. 

Such,  however,  were  the  cruelties  of  the  Spaniards, 
and  to  fuch  an  infamous  height  did  they  carry  their 
oppreffion  of  the  poor  natives,  that  they  were  reduced 
to  60,000  in  the  Ihort  fpace  of  15  years!  It  formed 
five  kingdoms,  each  governed  by  fovereigns  called  ca- 
ciques. The  names  of  thefe  kingdoms  were  Maqua, 

Marten,  Higuay,  Maguana,  and  Xaraguay.  The  Spani- 
ards had  polfeffion  of  the  whole  of  the  ifland  for  120 
years.  At  lad,  about  the  year  1630,  a handful  of 
Englifh,  French,  and  other  Europeahs,  came  and  forced 
them  to  fight  in  its  defence,  and  after  repeated  wars 
for  50  years,  they  were  forced  to  divide  the  ifland  with 
the  French.  Thefe  latter,  being  the  only  furvivors  of 
the  fird  free-booters  or  buccaniers,  or  having  infen fibly 
acquired  an  afcendancy  among  them,  had,  fo  early  as 
1640,  formed  this  aflembly  of  individuals,  born  under 
the  domination  of  almod  all  the  powers  of  Europe,  in- 
to a French  colony,  under  the  diredion  of  the  general 
government,  fird  edablifhed  at  St  Chrid  'phersr»and 
afterw'ards  at  Martinico.  The  Spanilh  part  is  by  far 
the  molt  extenfive  and  the  mod  fertile  ; that  of  the 
French  the  bed  cultivated.  The  whole  ifland  now  be- 
longs to  the  French  republic,  the  Spaniards  having 
ceded  their  part  of  it  to  that  power  in  the  treaty  of 
1795* 

The  Spaniards,  however  ungrateful  to  the  difcover- 
er  of  the  new  world  during  his  life,  would  not  leave 
his  dud  out  of  their  territories.  The  remains,  of  Co- 
lumbus, who  died  the  20th  of  May,  1506,  were  fird 
depolited  in  Seville,  afterwards  removed  to  the  cathe- 
dral in  the  city  of  St  Domingo,  and  ladly  conveyed 
to  the  Havannah  in  a 74  gun  Ihip  ; and  on  the  19th  of 
January,  1796,  all  that  was  mortal  of  that  great  man, 
was  committed  to  the  earth  the  third  time,  with  great 
parade  and  ceremony. 

The  following  particulars  relating  to  this  famous 
ifland  are  founded  on  the  bed  authority,  and  many 
circumdances  require  a feparate  view  of  the  two  arti- 
ficial divifions  of  the  ifland,  viz.  the  French  and  Spa- 
nilh territories,  before  they  were  united  under  one  head. 

They  are  both  alike  in  pofleffing  the  various  produdti- 
ons  common  to  the  W.  Indies.  The  European  cattle 
are  fo  multiplied  here  that  they  run  wild  in  the  woods  ; 
few  of  thefe  are  in  the  French  part  in  comparifon  with 
the  Spanilh. 

The  two  great  chains  of  mountains,  which  extend 
from  E.  to  W.  and  their  numerous  fpurs,  give  the 
ifland  an  afpeft,  at  a didance,  not  fo  favourable  as  it 
deferves.  They  are,  however,  the  cnufe  of  the  fertility 
of  the  ifland.  They  give  fource  to  innumerable  rivers, 
repel  the  violence  ol  the  winds,  vary  the  temperature 
of  the  air,  and  multiply  the  refources  of  human  induf- 
try.  They  abound  with  excellent  timber,  and  mines 
of  iron,  lead,  copper,  fllver,  gold,  fome  precious 
dones,  and  even  mercury. — With  refpeid  to  the  vege- 
table clafs  in  this  ifland,  it  would  be  difficult,  even  in 
a work  devoted  to  the  fubjetd,  to  exprefs  or  paint  all 
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Domingo.  The  mod  ancient  town  in  this  Ifland,  and  in  all 
America,  built  by  Europaans,  is  St  Domingo ; of 
which  an  account  is  given  below.  To  thefe  particular 
obfervations,  we  add  the  following,  of  a more  general 
nature:  The  fugar  and  indigo  plantations  were  in  the 
flat,  the  coffee  in  the  mountainous  lands.  The  plan- 
tations were  for  the  mod  part  enclofed  with  live 
hedges,  ftraight  and  well  dreffed  ; the  dwelling  and 
manufactory  houfes  were  built  and  laid  out  with  great 
neainefs  and  tafte  ; every  habitation  pofTeffed  a private 
hofpital  lor  the  accommodation  of  its  fick  negroes, 
v/ho  were  parentally  dealt  with  ; the  roads  were  ex- 
cellent ; and  from  the  general  hofpitality  and  cheerful- 
nefs  of  its  former  inhabitants,  it  was' confidered  as  one 
of  the  mod  enviable  fpots  on  earth.  Such  was  the 
French  part  of  St  Domingo  in  1 789  ; but,  alas  !■  it  is 
no  more  : the  dedruCtive  ravages  of  an  unrelenting  in- 
furreCtlon,  of  fiightful  malTacres  and  conflagrations, 
have  laid  wade  all  thofe  beautiful  fettlements,  reduced 
the  buildings  to  afhes,  and  laid  low  in  dud-or  fcattered 
in  exile,  its  wretched  inhabitants. 

The  fil'd  interference  of  the  National  Affembly,  in 
the  affairs  of  the  colonies,  was  by  a decree  of  the  8th 
of  March,  1790,  which  declared,  “ That  all  free  per- 
fons,  who  were  proprietors  and  refidents  of  two  years 
danding,  and  who  contributed  to  the  exigencies  of  the 
date,  fhould  exercife  the  rights  of  voting,  which  con- 
dituie  the  quality  of  French  citizens.’'  This  decree, 
though  in  facl  it  gave  no  new  rights  to  the  people  of 
color,  was  regarded  with  a jealous  eye  by  the  white 
planters  ; whofe  pride  and  refentment  dictated  to  them 
to  repel  the  people  of  color  frorn  their  affemblies.  This 
feems  to  be  the  true  fource  of  their  calamities  ; to  de- 
velope  which,  and  the  dreadful  confequences,  belong 
to  the  profeffed  hidorian. — Morse. 

Domingo,  St,  the  capital  of  the  Spanifh  part  of  the 
ifland  of  St  Domingo  or  Hifpaniola,  is  fituated  on 
the  W.  bank  of  the  Ozama,  a league  below  the  mouth 
of  Ifabella  river,  in  which  didance  it  is  24  feet  deep, 
having  a bottom  of  mud  or  foft  fand,  and  banks  20 
feet  perpendicular  height ; but  N.  of  the  city  this 
height  is  reduced  to  4 feet.  The  Ozama  is  navigable 
for  9 or  10  leagues,  and  has  feveral  fugar  manufac- 
tories, tile  kilns,  and  provifion  farms  on  its  banks. 
The  road  before  the  mouth  of  the  Ozama  is  very  indif- 
ferent, and  lies  expofed  from  W.  S.  W.  to  E.  It  is 
impolfible  to  anchor  in  it  in  the  time  of  the  fouth 
winds ; and  the  north  winds  drive  the  vefTels  from  their 
moorings  cut  into  the  fea,  which  here  runs  extremely 
high.  The  port  of  St  Domingo  is  magnificent  in 
every  refpeCt  ; a real  natural  bafon,  with  a great  num- 
ber of  careenings  for  the  vefTels  that  can  get  at  them. 
There  is  a rock  at  the  entrance,  which  will  only  admit 
vefTels  drawing  18  or  20  feet  water;  which  it  is  aflert- 
ed  might  be  removed  without  great  difficulty. 

The  city  of  St  Domingo  was  originally  founded  on 
the  E.  fide  of  the  Ozama,  in  1494,  by  Bartholomew 
Columbus,  who  gave  it  the  name  of  New-Ifabella. 
Authors  aflert  that  Chridopher  Columbus  gave  it  the 
name  of  his  father,  and  that  the  inhabitants  of  Ifabella 
on  the  N.  coad  of  the  ifland,  founded  by  Chridopher 
Columbus  in  1493,  removed  to  New-Ifabella  in  1496. 
In  1502  a hurricane  dedroyed  mod  of  its  buildings, 
which  induced  Ovando  to  remove  the  inhabitants  to 
the  W.  fide  of  the  river.  The  new  city  was  foon  built, 


and  that  with  a grandeur  of  defign  not  unworthy  of  Domin 
the  fird  metropolis  of  the  New  World.  The  plan  of 
the  city  is  a trapezium  of  about  540  fathoms  .on  the  E. 
fide,  along  the  Ozama ; near  500  fathoms  on  the  S. 
bordering  on  the  fea  ; and  of  about  ItSoo; fathoms  in 
circumference.  ■ To- the  W.  and  to  the  N-  of  the  city, 
the  land  is  rough-  and  rocky  for  about  half  a le^ue, 
but  after  that  it  becomes  good,  and  the  coCmtry  de- 
lightful. Towards  the  fea  the  fcite  of  the  city  lies  very 
high,  which  forms  an  infurmountable  dyke  againd  the 
fury  of  the  waves.  It  is  furrounded  with  a rampart  8 
feet  in  diameter,  and  about  10  feet; high.  There  is, -a 
great  deal  of  ordnance  at  St  Domingo,  particularly 
cad  ordnance,  but  the  fortifications  are  ndt  drOng  ; 
and  the  height  of  the  Ileignes  commands . it  entirely  ; 
and  its  crown  is  not  more  than  250.  fathomsTrom  the 
ditch.  The  dreetsare  fpacious,  and  ftraight  as.  a line, 
which  gives  it  a pleafing  appearance.  Ten  of  thefe 
ftreets  run  from  N.  to  S.  and  10  others  from  E.  to  W. 

The  greateft  part  of  the  houfes,  firft  built,  are  pf  a 
fort  of  marble  found  in  the  vicinity,  and  in  the  ftyje 
of  the  ancient  towns  of  Spain  and  Italy  : ihofe  of  a 
more  recent  conftrudion  are  of  tapia,  a fort  of  pife. 

To  ered  thefe  buildings,  a cafe  is  made  of  planks,  be- 
tween pillars  of  mafonry : this  cafe  is  filled  by  degrees 
with  a reddifh  clay,  which  is  rammed  down  as  it  is 
thrown  in,  until  it  forms  a folid,  or.  fort  of  wall,  be- 
tween the  pillars.  The  clay  thus  preffed  together,  ac- 
quires an  amazing  hardnefs,  and  the  walls,  are  fome- 
times  fo  folid  and  ftrong,  that  the  pillars  of  mafonry 
are  ufelefs.  The  houfes  of  St  Domingo  are  tolerably 
handfome,  in  a fimple  ftyle,  and  nearly  uniform.  A 
confiderable  part  of  thefe,  built  within  thefe  15  years, 
are  of  wood,  covered  with  the.leves  or  taches  of  palm 
trees.  The  roofs  are  generally  platformed,  being 
ftiaped  fo  as  ta  condud  the  rain-water  to  the  cifterns. 

The  climate  of  the  capital  is,  happily,  very  temperate. 

The  nights  of  thofe  months  which  anfwer  to  the  winter 
in  Europe,  are  even  found  to  be  cold. 

Among  a number  of  public  edifices  that  merit  at- 
tention, in  this  declining  city,  we  may  reckon  the  ruins 
of  the  houfe  that  Diego,  fnn  of  Chriftopher  Columbus, 
had  begun,  entirely  of  hewed  ftone.  The  . walls  are 
yet  remaining,  and  fome  of  the  fculpture  round  the 
windows.  The  roof  and  ceilings  are  fallen  in,  the 
lower  floor  is  become  a pen  for  cattle ; and  a Latin 
infcription  over  the  portal,  is  now  hidden  by  the  hut 
of  a herdfman.  The  cathedral,  of  the  fame  fort  of 
ftone  as  the  houfe  of  Diego  Columbus,  ftands  on  the 
S.  E.  Oppofite  its  entrance  is  a fine  fpacious  oblong 
fquare,  at  the  S.  W.  end  of  which  is  the  town  houfe. 

The  cathedral  is  a noble  Gothic  pile  begun  in  1512, 
and  finiffied  in  1 540,  and  v/as  conftruded  after  the 
model  of  a church  at  Rome.  It  merits  admiration  on 
account  of  the  boldnefs  of  its  vault,  which,  notwith- 
ftanding  the  ravages  of  earthquakes  in  its  neighbour- 
hood, has  never,  till  within  thefe  15  or  20  years,  had 
a fingle  flaw.  The  duft  of  Columbus  refted  within 
this  pile  until  the  year  1796,  when  it  was  removed. 

Here  are  3 convents  for  men ; which  have  increafed 
in  importance  fince  1782  ; 2 nunneries,  3 hofpitals,  a 
college,  and  a gaol.  The  convent  of  the  Cordeliers 
was  built  by  Ovando  in  1503,  on  a little  hill  contain- 
ing a mine  of  mercury.  All  the  3 parochial  churches 
of  St  Domingo,  are  beautiful,  rich  in  ornaments,  in  . 
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tillty  of  the  land,  fays  he,  is  fuch,  that  its  cultivation 
cannot  fail  to  promife  a favourable  harveft.  Every- 
where are  fecn  an  endlefs  number  of  cocoa-nut  trees, 
beautiful  banana  trees,  ranged  in  lines  with  the  greateft 
order,  and  numerous  plantations  of  potatoes,  of  which 
he  defcribes  fome  as  fifteen  feet  in  length,  and  of  the 
thicknefs  of  a man’s  thigh.  He  admired  the  order  with 
which  every  thing  was  difpofed.  No  weeds  were  fuf- 
fered  to  grow  between  the  plants  ; and  their  roads  were 
kept  in  repair  with  a diligence  deferving  imitation  by 
llie  moft  civilized  nations. 

Their  government  appears  from  his  account  to  be 
defpotic.  The  fovereign,  who  is  called  the  Tubou,  is 
held  in  the  higheft  veneration  by  his  fubjedts,  whofe 
lives  and  properties  are  at  his  difpofal.  Under  him 
there  is  an  order  of  nobles  called  Equist  who,  though 
they  fhrink  into  infignificance  in  the  prefence  of  the 
Tubou,  have  great  authority  over  the  people.  Thefe 
people  are  faid  by  Maurelle  to  be  of  great  mufcular 
llrength  and  large  ftature,  the  ordinary  height  of  the 
men  being  fix  feet  or  fix  feet  four  inches,  while  many 
of  them  are  much  taller.  It  would  appear,  too,  that 
they  delight  in  gymnaflic  exercifes  ; for  when  the  Tu- 
lou,  by  whom  he  had  been  treated  with  great  hofpi- 
tality,  wiflied  to  amufehim  and  his  fhip’s  company,  he 
exhibited  to  them  feats  of  wreflling  and  boxing,  and 
that  as  well  by  the  women  as  by  the  men. 

Though  thefe  people  put  the  greateft  confidence  in 
the  Spaniards,  and  frequently  ftaid  whole  nights  on 
board  the  frigate,  they  had  yet  the  common  inclination 
of  fivages  to  fteal.  “ Every  time  they  came  on  board 
(fays  our  author),  clothes,  iron-work,  whatever  fell  in 
their  way,  they  confidered  as  lawful  prize.  They  drew 
out  through  the  port  holes,  or  the  windows,  whatever 
•v'as  within  their  reach.  They  thieved  even  to  the  very 
chain  of  the  rudder.  I made  my  complaints  to  the 
king;  he  gave  me  permiflion  to  kill  vvhorafoever  I fhould 
deted  in  the  ad  ; and  I was  allured  he  had  himfelf  dif- 
covered  and  puniftied  with  death  the  authors  of  the 
complained  of  theft.  Our  vigilance  was  neceflarily  cal- 
led into  adion.  We  furprifed  the  iflanders  ftriving  to 
tearaway  the  new  rudder  chains  ; we  fired  a piftol  at 
them,  one  of  them  fell  dead  on  the  occafion,  and  this 
was  an  awful  lefTon  for  thofe  who  w'ere  either  on  board 
or  alongfide  of  the  frigate  ; they  faid  to  themfelves,  or 
to  one  another  {xohhtv^fama  (death).” 

They  make  of  the  bark  of  trees  a kind  of  cloth  not 
unlike  that  which  has  been  brought  from  other  iflands 
in  the  South  Sea  ; and  our  author  defcribes  the  wo- 
men as  being  peculiarly  neat  both  in  their  drefs  and  in 
their  perfons.  They  had  their  mantles  or  loofe  gar- 
ments adjufted  in  neat  plaits  and  folds,  and  becomingly 
attached  by  a knot  over  the  left  ftioulder.  They  wore 
garlands  or  wreaths  on  the  head,  and  chaplets  of  large 
glafs  beads  round  their  necks  ; the  hair  was  pleafingly 
diipofed  in  treffes,  and  the  whole  perfon  perfumed  with 
an  oil  of  an  agreeable  odour  ; above  all,  the  fkin  was  fo 
exquifitely  clean,  that  they  would  not  have  fuffered  the 
fmalleft  particle  of  dull;  to  remain  upon  it  a moment. 

In  this  archipelago  Don  Maurelle  found  a fafe  har- 
bour, to  which  he  gave  the  name  of  El  Refugio,  and 
which  he  places  in  South  Lat.  18°.  36'.  and  W.  Lon. 
177°.  47'.  45/'.  of  Greenwich. 

LONDON,  an  interior  fettlement  in  the  French 


part  of  the  ifland  of  St  Domingo,  3 leagues  N.  W.  of  Donegal 
St  Raphael  in  the  Spanilh  part,  and  13  leagues  E.  by  II 
N.  of  Les  Gonaives. — Morse.  Deugl^s. 

DONEGAL.  There  are  3 townftiips  in  Pennfylvania 
of  this  name  ; the  one  in  Lancafter  co.  the  other  in  that 
of  Weftmoreland,  and  the  third  in  Waftiington  co. — ib. 

DOOBOUNT  Lake,  newly  difcovered,  about  60  or 
70  miles  long,  and  20  or  30  broad  ; lies  fouth-eaft  of 
the  head  of  Chefterfield  inlet,  in  New  South  Wales. 

— ib. 

DORCHESTER,  a townftiip  in  Grafton  co.  Ncw- 
Hampftiire,  incorporated  in  1761.  In  1790  it  con- 
tained 175  inhabitants.  It  lies  N.  E.  of  Dartmouth 
College  about  17  miles. — ib. 

Dorchester,  an  ancient  and  thriving  townftiip  in 
Norfolk  CO,  Maffachufetts,  fettled  as  early  as  1630.  A 
number  of  towns  have  been  taken  off  from  it  fince  its 
firft  fettlement.  It  is  fituated  3 miles  S.  by  E.  of  Bof- 
ton,  and  is  now  about  6 miles  long  and  34-  broad. 

The  chief  manufadtures  here  are  paper,  chocolate, 
fnuff,  leather,  and  ftioes  of  various  forts.  It  has  a 
handfome  church,  256  houfes,  and  1722  inhabitants. 

The  N,  E,  point  of  the  peninfula,  called  Dorchefter 
neck,  approaches  within  half  a mile  of  Caftle  ifland, 
and  its  N.  W.  point  within  half  a mile  of  the  S,  part 
of  Bofton.  Forts  were  eredled  on  the  heights  in  the 
late  war ; and  this  town  and  its  vicinity  fuffered  much 
during  the  early  part  of  the  war. — ib. 

Dorchester,  in  Cumberland  co.  Ncw-Jerfey,  lies  on 
the  E.  fide  of  Morris  river,  about  5 miles  from  its  mouth 
in  the  bay,  and  17  eaftward  of  Fairfield, — ih. 

Dorchester  Co.  in  Maryland,  lies  on  the  E.  fide  of 
Chefapeak  bay  ; on  the  S.  fide  of  Choptank  river,  which 
feparates  it  from  Talbot  co.  It  has  feveral  iflands  on 
its  coaft.  The  chief  of  thefe,  from  the  mouth  of  Hud- 
fon  river,  are,  James,  Taylor’s,  Barren,  Hooper’s,  and 
Goldfborough’s,  which  laft  lies  between  Hungary  river 
and  Fifliing  bay.  The  length  of  the  county  from  E. 
to  W.  is  about  33  miles,  and  its  breadth  from  N.  to  S.  27 
miles.  The  number  of  its  inhabitants  15,875,  of  whom 
5337  are  flaves.  The  lands  in  the  northern  parts  are 
fomewhat  elevated,  but  in  the  fouthern  parts  low  and 
marlhy,  particularly  along  Fifhing  bay,  and  up  its  wa- 
ters, Tranfquaking,  Blackwater,  and  Fearim  creek,  and 
along  Hungary  river  an  arm  of  the  Chefapeak.  The 
produce  is  chiefly  wheat,  corn  and  lumber.  Its  chief 
town  is  Cambridge. — ib. 

Dorchester,  a fmall  town  of  Charlefton  diftrift, 
South-Carolina,  feated  on  the  N.  E.  bank  of  Afhley 
river,  18  miles  W.  N.  W.  of  Charlefton  city. — This 
place  was  fettled  and  named  as  early  as  1700,  by  a 
colony  from  Dorchefter  and  its  vicinity  in  Maffachu- 
fetts ; and  a part  of  its  inhabitants,  about  the  year 
1750,  left  it  and  fettled  Midway,  in  Georgia. — ib. 

DORLACH,  a townftiip  in  Otfego  co.  New-York. 

By  the  ftate  cenfus  of  1796,  433  of  its  inhabitants  are 
eleiftors. — ib. 

DORSET,  a townftiip  in  Bennington  co.  Vermont, 
having  Rupert  W,  Manchefter  vS.  and  Danby  N. ; and 
contains  958  inhabitants,  27  miles  N.  by  E.  of  Ben- 
nington.— ib. 

DOUGLASS,  a townftiip,  the  fouthernmoft  in 
Worcefter  co.  Maffachufetts,  having  the  ftate  of  Rhode- 
Ifland  on  the  S.  and  that  of  Connedticut  on  the  S.  W. 

and 
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Uouglafs  and  through  it  pafTes  the  middle  road  from  Boftori  to 
II  New-York.  It  is  a very  rocky  townfhip,  and  contains 
Dover.  1080  inhabitants.  It  lies  16  miles  S.  of  Worcefter,  and 
47  S.  W.  of  Boilon.  It  was  incorporated  anno  1746, 
and  received  its  name  in  honor  of  William  Douglafs, 

M.  D.  of  Bofton,  a native  of  Scotland,  and  a confider- 
able  benefadtor  to  the  town. — ib. 

Douglass,  a townfhip  in  Montgomery  co.  Pennfyl- 
vania. — il, 

Douglass,  a cape  on  the  N.  W.  coad  of  N.  Ameri- 
ca, which  forms  the  W.  fide  of  the  entrance  into  Cook’s 
river,  oppofite  Point  Bede,  which  forms  the  E.  fide. 
It  is  a very  lofty  promontory,  whofe  elevated  fummit 
appears  above  the  clouds,  forming  two  exceeding  high 
mountains.  Lat.  58.  56.  N.  long.  206.  10.  E. — ib. 

DOUTY’j  Falls,  in  York  co.  Maine,  a place  where 
a poft  office  is  kept ; 7 miles  from  Berwick,  and  8 from 
Sanford. — ih. 

DOVER,  a townfhip  in  Norfolk  co.  Maffachufetts, 
incorporated  anno  1650.  It  contains  485  inhabitants, 
and  lies  15  miles  fouthward  of  Bofton. — ib. 

Dover,  a confiderable  townfliip  in  Strafford  co.  New- 
Hampftiire,  and  the  fhire  town  of  the  county  ; fituated 
on  the  fouthern  fide  of  Cochecho  river,  about  4 miles 
above  its  jundion  with  Salmon  Fall  river,  which  to- 
gether form  the  Pifcataqua  ; 10  miles  S.  by  E.  of  Ro- 
chefter,  6 from  Berwick,  in  Maine,  and  12  N.  W.  by 

N.  from  Portfmouth.  The  Indians  named  it  Winicha- 
hanat  and  Cochecho  ; by  the  firft  fettlers,  it  was  call- 
ed Northam.  It  was  incorporated  in  163;^,  and 
contains  1998  inhabitants.  The  public  buildings 
are  a Congregational  church,  court-houfe  and  gaol. 
At  Dover  is  a high  neck  of  land,  between  the  main 
branch  of  Pifcataqua  and  Back  river,  about  two  miles 
long,  and  half  a mile  wide,  riling  gently  alonga  fineroad 
and  declining  on  each  fide,  like  a fhip’s  deck.  It  com- 
mands an  extenfive  and  variegated  profped  of  the  ri- 
vers, bays,  adjacent  fhores,  and  diftant  mountains.  It 
has  often  been  admired  by  travellers  as  an  elegant  fitua- 
tion  for  a city,  and  by  military  gentlemen  for  a fortrefs. 
The  firft  fettlers  pitched  here,  but  the  trade  has  long 
fmce  been  removed  to  Cochecho  falls  ; and  this  beauti- 
ful fpot  is  almoft  deferted  of  inhabitants.  N.  lat.  43. 
II.  W.  long.  70.  50. — ib. 

Dover,  a townlhip  in  Monmouth  co.  New-Jerfey, 
between  Shrewfbury  and  New-Stafford,  and  extends 
from  the  fea  to  the  county  line.  Although  a large 
townfhip,  it  contains  only  910  inhabitants,  who  live 
moftly  upon  the  fea-fhore.  There  is  but  one  church, 
the  property  of  a generous  and  benevolent  individual ; 
who  gives  liberty  to  minifters  of  all  denominations  to 
preach  in  it  whenever  they  pleafe. — ib. 

Dover,  the  metropolis  of  Delaware  ftate,  in  Kent 
co.  on  the  S.  W.  fide  of  Jones  creek,  about  miles 
N.  W.  from  its  mouth,  in  the  Delaware;  12  miles 
from  Duck  creek,  48  from  Wilmington,  and  76  S.  S. 
W.  of  Philadelphia.  It  contains  about  ico  houfes, 
built  principally  of  brick.  There  are  4 ftreets,  which 
interfedt  each  other  at  right  angles,  in  the  centre  of  the 
town.  The  area  included  within  thefe  interfedfions  ex- 
tends into  a fpacious  parade ; on  the  E.  fide  of  which 
is  an  elegant  ftate  houfe.  The  town  has  a lively  ap- 
pearance,  and  drives  on  a confiderable  trade  with  Phi- 
ladelphia, chiefly  in  flour.  N.  lat.  39.  10.  W.  long. 
75.  34.—/^. 


Dover,  a town  in  York  co.  Pennfylvania,  on  Fox  Dover 
Run,  w'hich  falls  into  Conewago  creek,  near  its  mouth,  H. 
in  the  Sufquehanna.  It  contains  a German  Lutheran 
and  Calvinift  church,  united  ; and  about  40  houfes. — ib. 

DOWNE,  or  Downs,  a townlhip  in  Cumberland 
CO.  New-Jerfey. — ib. 

DOWNINGS,  a poft  town  of  Pennfylvania,  in 
Chefter  co.  on  the  E.  fide  of  Brandywine  creek  ; 33 
miles  W.  by  N.  of  Philadelphia,  and  near  7 N.  W.  of 
Weftchefter.— /3. 

DOYLSTOWN,  a village  in  Bucks  co.  Pennfylva- 
nia, 10  miles  S.  W.  of  Howell’s  ferry,  on  Delaware 
river,  15  N.  W.  of  Newton,  and  33  W.  by  N.  of  Phi- 
ladelphia.— ib. 

DRACQiNA  Draco  (fee  Dracoena,  Encycl.),  is 
a native  of  Madeira,  though  it  is  there  becoming  fcarce. 

The  following  account  of  it  is  by  La  Martiniere,  natu- 
ralift  in  the  laft  voyage  of  difeovery  by  La  Peroufe. 

“The  idea  of  the  dracoena  draco  (fays  he)  given  by 
the  fliabby  fpecimens  cultivated  in  our  hot-houfes,  is 
far  inferior  to  that  we  entertain  of  it  when  we  have 
an  opportunity  of  feeing  it  in  its  native  foil.  I met 
with  three  in  particular,  of  which  the  trunk  vvas  fix  or 
feven  feet  high,  and  four  and  a half  or  five  in  diameter. 

The  principal  branches,  12  or  15  in  number,  and  as 
thick  as  a man’s  body,  fiioot  out  a little  obliquely, 
dividing  themfelves  generally  into  two,  and  now  and 
then  into  three,  to  the  height  of  40  or  50  feet  includ- 
ing the  feven  feet  of  the  trunk.  The  leaves  are.  all  at 
the  extremity  of  the  branches,  where  they  are  placed 
in  alternate  order,  and  form  a duller.  This  tree  pre- 
fents  the  moll  perfeff  regularity  to  the  eye,  and  tempts 
the  fpedlator  to  think,  that  the  moft  fkilful  gardener 
makes  it  the  objefl  of  his  daily  care.” 

DRACUl’,  a townlhip  in  the  northernmoft  part  of 
Middlefex  co.  on  the  northern  bank  of  Merrimack  river 
oppofite  Patucket  Falls.  It  contains  1 2 1 7 inhabitants, 
and  lies  30  miles  N.  by  W.  of  Bofton,  and  28  S.  W. 
of  Exeter,  in  New-Hampfhire. — Morse. 

DRAINS.  Under  this  word  in  the  Encyclopatdia 
we  publilhed  Mr  Bayley  of  Hope’s  method  of  draining- 
land  ; and  by  a letter  from  the  author,  we  have  fince 
learned,  that  experience,  the  bell  guide,  has  fully  prov- 
ed the  ufefulnefs  and  durability  of  his  drains.  With  a 
candour,  however,  worthy  of  a man  who  writes  not  for 
fame,  but  for  the  good  of  the  public,  he  informs  us  of 
a miftake  into'  which  he  had  led  us ; and  requefts  us  to 
corredl  it  in  this  Supplement. 

“I  wilh  (fays  he)  that,  in  the  Supplement  to  the 
Encyclopedia,  due  notice  may  be  taken  of  a very  great 
error  into  which  I was  led  in  my  fcheme  of  making  the 
main  drains.  I conjedtured,  that  where  the  bottom  of 
the  trench  was  of  a hard  or  folid  body,  as  clay  or  marl, 
it  might  not  be  neceff.iry  to  lay  it  with  bricks  or  Hones  ; 
but  in  this  I was  quite  wrong.  By  the  runs  of  water, 
the  alternate  changes  from  wet  to  dry,  and  the  accefs 
of  air,  thefe  hard  bottoms  have  been  rendered  friable; 
they  have  crumbled  away,  and  let  in  all  my  drains 
which  were'not  fupported  by  a bottom  laid  with  brick 
or  Hone.”  For  this  information  we  requeft  the  author 
to  accept  of  our  thanks,  and  we  are  perfuaded  we  may 
add,  the  thanks  of  the  public. 

As  the  draining  of  land  is  a matter  of  great  impor- 
tance in  agriculture,  and  as  the  fubjefl  has  been  again 
brought  before  us,  we  imagine  that  our  agricultural 
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Drains,  readers  will  be  glad  to  find  here  the  fubfiance  of  a paper 
on  this  fubjedt,  for  which  the  author  received  the  filver 
medal  of  the  Society  inftituted  for  the  encouragement  of 
Arts,  Manufactures,  and  Commerce.  That  au- 
thor is  Mr  John  Wedge,  of  Bickenhill  near  Coventry, 
who  is  not  only  a great  farmer  himfelf,  but  had  like- 
wife  been  employed  by  the  Earl  of  Alesford  in  the  ma- 
nagement of  feveral  eftates.  Encouraged  by  his  lord- 
fliip’s  liberality,  Mr  Wedge  informs  the  fociety,  that 
he  had  been  employed  for  fome  years  in  draining  large 
portions  of  land,  of  •which  part  w’as  in  the  Earl’s  occu- 
pation, and  part  in  his  own,  as  tenant  to  his  lordfiiip. 
The  principles  upon  which  he  proceeded,  as  well  as  his 
mode  of  procedure,  he  ftates  in  the  following  terms  : 

In  every  country  there  are  large  portions  of  land 
that,  in  wet  feafons,  have  always  w’hat  may  be  called  a 
dry  furfacct  and  other  portions  of  land  ihathave  always  a 
7noyi  or  ivst  furface  ; the  former  of  thefe  admitting  all 
the  w’ater  which  falls  upon  them  to  fink  freely  through 
their  pores  to  various  depths,  till  falling  on  clay,  or 
fome  other  undtuous  earth,  whofe  pores  will  not  permit 
it  to  pafs  through,  it  is  there  held  up  to  a height  pro- 
portiened  to  the  quantity  of  water  which  comes  upon 
it,  and  the  facility  with  which  that  v/ater  is  difcharg- 
ed.  Thus,  held  up  to  various  heights,  it  ferves  as 
a fountain  to  diftribute  its  water  (either  by  veins  of 
fand,  pebbles  or  rock),  according  to  the  formation  of 
the  different  under  ffrata  on  the  neighbouring  lands, 
and  there  forms  bogs  and  other  varieties  of  wet  furface, 
on  a bafis  that  ■will  be  always  found  to  confift  of  marl, 
or  clay,  or  fome  mixture  thereof.  The  effedt  of  wa- 
ter thus  diftributed  may  be  divided  into  two  clalTes. 
The  fiift  clafs,  where  the  water  is  thrown  out  by  a 
body  of  marl  or  clay,  &c.  upon  the  furface  of  defcend- 
ing  ground,  and  in  the  valley  (there  held  up  by  clay 
alfo)  forms  bogs  or  fwamps.  The  fecond  clafs,  where 
the  water  is  held  up  by  marl  or  clay,  as  before,  having 
abov'C  that  marl  or  clay  a ftratum  of  fand,  or  pebbles, 
through  which  the  water  pafles  ; and  above  thofe  fands 
or  pebbles  another  ftratum  of  marl  or  clay,  through 
the  weakeft  parts  of  which,  the  water,  by  a continual 
preffure  from  its  fountain,  forces  a paflage  upw'ards ; 
and  thus,  through  the  weakeft  parts  of  the  marl  or 
clay,  furnifties  a continual  fupply  of  water  on  the  fur- 
fac-e,  for  the  formation  or  growth  of  bogs,  &c.  in  pro- 
portion as  this  water  is  more  or  lefs  abundantly  fupplied 
by  its  fountain  or  head,  namely,  the  higher  lands,  into 
which  rain-water  freely  pafles,  as  before  defcribed. 
There  are  alfo  different  foils  under  different  cireum- 
ftances,  which  may  form  a third  clafs  of  land  for  drain- 
ing ; fuch  as  ftron^  deep  foils,  or  open  light  foils,  hav- 
ing near  the  furface  a body  of  marl  or  clay.  In  either 
of  thefe  cafes,  the  water  which  falls  on  the  furface  muft, 
for  reafons  which  are  felf  evident,  keep  fuch  lands,  in 
rainy  felons,  conftantly  w'et  and  cold  ; and  it  fhould  be 
obferved,  that  a mixture  of  all  the  three  before-defcribed 
claffes  of  wetland  fometiijaes  occur  in  one  field,  by  hid- 
den alterations  of  the  under  ftrata,  and  thereby  perplex 
the  operator,  by  requiring  all  the  different  modes  of 
draining  in  the  fame  field. 

If  it  be  admitted  that  bogs  are  thus  formed  and  fed, 
their  cure  may  be  effedled  with  certainty.  The  firft 
clafs,  by  cutting  tlirough  the  ftiatum  (be  it  fand,  peb- 
bles, or  rock,)  that  conveys  the  water  to  the  bog,  and 
parrying  off  that  water  by  a clofe  drain  to  fome  proper 


place,  where  the  level  admits  of  its  difcharge.  The  fe-  Drains, 
cond  clafs,  by  finking  a drain  to  any  convenient  depth 
in  the  upper  clay  ; and  then  digging  or  boring  with 
a large  auger,  at  a fmall  diftance  on  one  fide  of  this 
drain,  through  the  remaining  part,  be  it  (the  upper 
clay)  ever  fo  deep,  into  the  under  ftratum  of  fand,  peb- 
bles, or  rock,  through  which  the  water  pafles  ; which 
will  then  rufti  up  into  the  drain  fo  made,  with  a veloci- 
ty proportioned  to  the  height  of  the  land  or  fountain 
whence  it  is  fupplied.  As  this  drain  advances  through 
the  land,  holes  muft  be  dug  or  bored,  as  before,  every 
feven  yards,  or  at  fuch  diftance  as  the  ftrength  of  the 
fprings  may  require  ; and  the  whole  of  the  water  thus 
brought  up  by  tapping  the  fprings,  is  carried  off  by  the 
drain  made  in  the  upper  clay,  which  muft  be  a clofe 
one,  to  its  proper  level,  and  there  difcharged. 

By  both  thefe  methods  of  draining,  large  trads  of 
land,  under  favourable  circumftances,  may  be  cured 
■ftflth  one  drain.  The  baft  place  for  fixing  thefe  drains  is 
where  the  ftratum  that  conveys  the  water  comes  neareft 
to  the  furface ; and  the  beft  method  of  afcertaining  that, 
is  to  bore  or  dig  in  different  parts  through  the  diffe- 
rent under  ftrata. 

The  third  clafs  may  be  eafily  cured  by  clofe  drains, 
at  fuch  diftances  and  depths  as  will  beft  carry  off  the 
furface-water.  It  may  not  be  improper  to  obferve  that 
where  the  different  ftrata  or  meafures  crop  out,  that  is, 
become  gradually  more  and  more  fhallow  in  fome  cer- 
tain diredlion  (as  is  often  the  cafe,  till,  one  after  the 
other,  they  all  prefent  themfelves  in  fucceifion  on  the 
furface  of  the  earth),  draining  may  often  be  much  more 
eafily  and  better  effeifted  by  crofting  with  the  drain  the 
different  ftrata  or  meafures  where  the  levels  and  other 
circumftances  will  admit. 

Some  of  the  land  drained  was  part  of  a common,  in 
the  parith  of  Church  Bickenhill,  in  the  county  of  War- 
wick ; part  of  it  was  covered  with  mofs  and  ling,  had 
a peaty  furface  about  fix  inches  deep,  and  produced 
little  or  no  grafs  : in  all  wet  feafons  it  was  filled  quite  to 
the  furface,  and  often  overflowed,  with  water.  Some 
of  the  land  was  much  more  unfound,  deeper  of  pear, 
and  covered  with  mofs,  in  moft  parts  nine  inches  long ; 
another  part  was  an  abfolute  bog  in  all  feafons. 

Having  dug  or  bored  with  a large  auger  into  feveral 
parts  of  the  land,  Mr  Wedge  found  peat,  gravel,  and 
fand  mixed,  and  a quick  fand  almoft  uniformly.  The 
quick-fand  in  every  parr,  after  getting  an  inch  or  two 
into  it,  feemed  almoft  as  fluid  as  water.  Judging  from 
this,  that  no  materials  for  a drain  could  be  laid  in  the 
quick-fand,  but  what  it  would  immediately  bury,  he 
dug  a trench  almoft  to  the  quick-fand,  leaving  gravel, 

&c.  of  fufiicient  ftrength  to  bear  up  the  materials  fora 
hollow  drain ; thefe  materials  were  two  Tides  and  a co- 
verer  of  ftone,  with  a peat-turf  on  the  top  to  keep  out 
the  foil.  At  every  feven  yards  forward,  by  the  fide  of 
this  drain,  he  dug  a hole  in  the  quick-fand  as  deep  as 
it  would  permit.  From  thefe  holes  the  water  rofe  free- 
ly into  the  hollow  drain,  and  was  by  it  difcharged  at  a 
proper  level.  It  may  be  proper  to  remark,  that  the 
ftone  made  ufe  for  this  drain,  and  all  others  here 
mentioned,  was  a red  fand  and  rag- ftone,  which  eafily 
fplit  into  proper  fizes  for  the  purpofe,  and  is  very  dur- 
able ; it  coft  about  fixpence  per  ton  getting,  exclufive 
of  carriage.  The  drain  thus  formed  ran  on  the  whole 
rather  freely,  and  made  the  land  dry  for  a few  yards  on 

eacJbt 
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Drains,  each  fide  thereof,  but  was  far  from  having  the  effedt  he 
improperly  expedled  ; for  it  evidently  appears  that  the 
drain  could  only  take  a very  fmall  portion  of  the  water 
from  fo  large  a quick-fand,  which  it  did  not  penetrate 
more  than  two  inches  ; and  that  it  could  drain  only  to 
its  own  depth,  or  at  moft,  to  that  depth  in  the  fountain 
which  fupplied  the  quick-fand.  His  purpofe  was  then 
defeated  ; and  his  motive  for  mentioning  this  error  can- 
not, he  hopes,  be  miftaken. 

He  now  did  what  he  fays  he  ought  to  have  done  be- 
fore, that  is,  examined  the  different  ftrata  to  a greater 
depth,  particularly  on  the  bog,  and  at  the  upper  edges 
thereof,  and  found  the  bog  to  be  what  has  been  defcri- 
bed  under  the  fir  ft  clafs.  He  therefore  determined  to 
attempt  the  cure  in  the  manner  before  prefcribed  for 
that  clafs,  namely,  to  cut  through  the  whole  of  the  ftra- 
tum  (in  this  inftance,  of  quick-fand),  through  which 
he  found  the  water  pafs.  This  he  effected  as  follows ; 
The  fummer  being  dry,  and  favourable  for  the  purpofe, 
and  having  previoufly  made  his  main  open  drain,  he  be- 
gan his  main  clofe  drain  the  firft  week  in  June  1791, 
three  feet  wide,  on  the  declivity  near  the  edge  ef  the 
great  bog.  In  the  firft  operation  he  dug  thifeugh  the 
peat,  the  hard  fand,  and  gravel,  and  one  fpade’s  graft 
(about  nine  inches  deep,  and  feven  inches  wide)  into  the 
quick-fand  the  whole  length  of  this  drain,  which  was  73 
perches,  of  eight  yards  to  the  perch,  in  length.  The 
drain  thus  dug  ran  copioufly,  not  left  than  60  gallons 
per  minute.  In  this  ftate  he  left  it  about  nine  days : 
the  effeft  of  it  was  rapid,  both  above  the  drain  and  on 
the  bog  below.  Upon  examination,  he  now  found  about 
three  inches  on  the  top  of  the  fpade’s  graft,  which  had 
been  made  into  the  quick-fand,  perfeftly  dry.  He  then 
dug  out  thefe  three  inches  of  dry  fand,  to  nearly  the 
v/hole  width  of  the  drain,  three  feet ; and  at  the  fame 
time  dug  out,  as  before,  another  fpade’s  graft  from  the 
top  of  the  quick-fand,  as  near  the  middle  of  the  drain 
as  poffible.  This  was  left  to  run  a few  days,  as  before, 
and  had  the  fame  effe(5t,  namely,  three  or  four  inches 
more  of  the  top  of  the  quick-fand  became  dry  and  hard. 
The  fame  operation  was  repeated  again  and  again  with 
the  fame  effe<ft,  till  the  purpofe  of  getting  through  this 
quick-fand  was  completed,  fo  far  as  leaft  as  the  level  of 
the  main  open  drain  would  permit.  The  ftream  of  wa- 
ter continued  increafing  during  the  whole  operation; 
the  bog  below  the  drain  was  quite  dry,  and  the  land 
above  perfeiftly  fo.  The  drain  which  was  firft  made, 
and  continued  running  for  fome  time  during  the  pro- 
grefs  of  the  main  clofe  drain,  became  gradually  dry  ; 
and  has  not,  fince  that  drain  was  finiftied,  difcharged 
one  fmgle  drop  of  water.  Great  care  was  neceffary,  in 
making  the  main  clofe  drain,  to  keep  the  ftream  of  wa- 
tar  in  the  middle  of  it,  otherwife  the  current  would  have 
undermined  the  fides,  as  it  fometimes  had  done,  and 
caufed  them  to  fall  in.  For  this  reafon  it  was  necef- 
fary, when  the  dry  fand  was  taken  from  the  top  of  the 
quick-fand,  immediately  to  take  out  a fpade’s  graft  from 
the  middle  thereof,  in  order  to  divert  the  current  from 
the  fides. 

The  main  clofe  drain  thus  made  was  three  feet  wide 
at  top,  about  nine  feet  deep  on  the  average,  and,  bevel- 


ling a little  from  the  top.  It  was  about  one  foot  ten 
inches  wide  at  the  bottom.  The  ftone  and  other  ma- 
terials were  put  into  this  drain  in  the  following  manner 

Where  the  drain  went  through  the  quick-fand  into 
the  ftratum  of  clay  below  ir,  as  in  moft  places  it  did, 
the  bottom,  and  in  fome  inftances  the  fides,  wanted  no 
particular  fecurity  (a)  ; but  where  it  did  not  go  quite 
through  the  quick-fand,  which  the  level  of  his  main 
open  drain  in  fome  places  would  not  admit,  the  bottom 
of  the  drain  was  covered  half  an  inch  thick  with  ling  ; 
then  peat-turfs,  one  foot  wide  and  three  or  four  inches 
thick,  were  cut  in  convenient  lengths,  and  placed  on 
their  edges  on  each  fide  of  the  bottom  of  the  drain, 
forming  two  fides  of  a trough  of  peat ; then  fide  ftone 3 
about  eight  inches  high,  and  a ftone  coverer,  were  put 
in  upon  the  ling  between  the  peat-turfs ; a large  peat- 
turf,  near  two  feet  wide  and  four  inches  thick,  was 
then  cut;  and  firmly  placed  over  the  whole  ; this  left  irt 
the  bottom  of  the  drain  an  open  fpace,  of  more  than 
fix  inches  fquare,  for  the  water  to  pafs.  The  whole 
was  then  completed  by  filling  in  the  upper  part  of  the 
drain. 

In  this  way  the  author  drained,  for  about  L.  80, 
thirty  acres  of  land,  which,  from  being  of  no  value 
whatever,  became  worth  at  leaft  14  fhillings  per  acre  of 
yearly  rent.  He  likewife  hollow  drained  nine  acres  by 
the  method  prefcribed  for  the  third  clafs  of  wet  land. 
Thefe  drains  were  made  a few  yards  below  that  part  of 
each  field  where  the  dry  and  wet  land  feparate,  about 
22  inches  deep,  with  fides  and  a coverer  of  ftone,  and 
ling  on  the  top  of  it,  to  keep  thff  earth  from  running 
in.  The  length  of  thefe  drains  was  880  yards,  and  the 
expence  of  labour  and  materials  three  halfpence  per 
yard.  The  drains,  in  wet  weather,  difcharge  a large 
quantity  of  water ; and  will,  he  has  no  doubt,  anfwer 
the  intended  purpofe.  Thus  far  relates  to  land  in  his 
own  occupation. 

Nine  acres  of  the  land  in  the  earl  of  Aylesford’s  oc- 
cupation was  almoft  an  entire  pulp.  This  bog  was  of 
the  fecond  clafs,  namely,  water  paffing  through  a quick- 
fand,  and  confined  by  a ftratum  of  clay  below,  and  ano- 
ther ftratum  of  clay  above  it.  The  water  thus  con- 
fined, being  preffed  by  its  fountain,  and  forced  up  thro* 
the  weakeft  parts  of  the  clay,  had  formed  a bog  of  ir- 
regular thicknefs  on  the  furface,  in  fome  places  fix  feet 
deep,  in  others  not  more  than  two.  As  there  is  a con- 
fiderable  fall  in  this  land  from  eaft  to  weft,  he  thought 
it  expedient  to  put  two  drains  into  it;  and  this  appears 
to  him  to  have  been  neceffary,  from  a confideration  that 
both  thefe  drains  continue  to  run  in  the  fame  propor- 
tions as  when  firft  opened.  The  manner  in  which  thefe 
drains  were  executed  was,  by  digging  through  the  dif- 
ferent upper  ftrata,  and  as  deep  into  the  clay  as  the 
main  open  drain  would  admit  ; then  digging  or  boring 
through  the  remaining  part  of  that  clay  into  the  quick- 
fand,  at  the  diftance  of  about  fix  yards,  in  a progreflive 
manner. 

The  water  rifing  rapidly  through  thefe  holes  into  the 
clofe  drains,  has  effefted  a complete  cure  of  this  land, 
every  part  of  which  will  now  bear  a horfe  to  gallop 
upon  it.  Thefe  drains  difcharge  3 660  gallons  an  hour  j 

which 


Drainsi 


(a)  He  will  probably  find  in  time  that  he  was  under  tlie  fame  miftakc  with  Mr  Bayley,  and  we  hope  that 
with  Mr  Bayley’s  candour  he  will  acknowledge  it. 
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Drains  whic'a  li  njuch  lefi  than  they  dlJ  at  firfl,  as  mud  be  the 
II  cafe  ill  all  bags.  This  land  will  be  worth  twenty  Ihvil- 
Drake.  jj,-,g5  acre.  The  draining  cod  twenty-five  pounds  ; 
and  the  length  of  the  under-ground  drains  is  eight  hun- 
dred and  fourteen  yards. 

Mr  Wedge  had  juft  finiflred  ( January  1792)  drain- 
ing another  piece  of  land,  about  forty-three  acres.  As 
this  was  intended  to  anfwer  two  purpofes,  one,  to  drain 
the  land,  the  other,  to  give  an  additional  fupply  of  wa- 
ter to  a mill-pool,  and  as  a circumftance  arofe  in  the 
execution  of  the  work  which  frequently  happens  in 
draining  land,  namely,  a fudden  alteration  in  the  po- 
fition  of  the  under  ftrata — defcription  thereof  will 
not,  we  hope,  be  thought  tedious.  This  draining  was 
begun  at  the  level  of  a mill  pool,  and  continued,  with- 
out any  great  difficulty,  to  the  diftance  of  about  thirty- 
two  chains,  in  the  manner  before  defcribed  as  a cure  for 
the  fecond  clafs  of  boggy  land  ; but  at  or  near  that 
place  the  under  ftrata  altered  their  pofition  ; the  quick- 
iand  which  conveyed  the  water  now  became  of  twice 
its  former  thicknefs  ; and  the  clay,  which  had  hitherto 
been  above  that  quick-fand,  for  fome  diftance  difap- 
peared.  From  the  quick-fand  thus  becoming  fo  much 
deeper,  he  could  not,  with  the  level  of  the  mill-pool, 
cut  through  it ; nor  indeed,  from  the  wetnefs  of  the 
feafon,  would  fuch  an  operation  have  been  proper.  He 
therefore  continued  a ffiallow  drain  to  fome  diftance, 
making  fide-holes  into  the  quick-fand,  which  ran  freely  ; 
but  as  this  could  not  cure  the  whole  of  the  bog  below, 
he  branched  out  another  drain  (which  was  made  by  the 
method  defcribed  for  curing  the  fecond  clafs  of  wet  or 
boggy  land),  by  finking  a clofe  drain  through  the  up- 
per ftrata  into  the  upper  clay,  and  then,  at  a fmall  dif- 
tance on  one  fide  of  this  clofe  drain,  boring  a hole  with 
an  auger  through  the  remaining  part  of  that  clay  into 
the  quick-fand  ; and  at  every  eight  yards,  as  this  clofe 
drain  advanced,  ftill  boring  other  holes,  in  the  manner 
before  defcribed : through  many  of  thefe  holes  the  wa- 
ter ruftied  with  great  rapidity.  The  water  difcharged 
by  thefe  drains  into  the  mill-pool  is  168  gallons  per  mi- 
nute, cr  3780  hoglheads  in  a day;  which  is  alter  the 
rate  of  1,379,700  hogfheads  in  a year. 

About  fix  acres  of  this  land  were  always  found  ; a- 
bout  twelve  acres  on  the  north  fide  were  an  abfolute 
pulp,  and  the  remaining  twenty-fix  acres  very  unfound. 
The  whole  is  now  found,  and  will  when  cultivated  be 
worth  fixteen  {hillings  per  acre.  This  land  would  have 
been  drained  at  a much  lefs  expence  into  the  main  open 
drain  ; but  then  the  water,  which  was  much  wanted 
for  the  mill,  would  have  been  loft.  Thefe  clofe  drains 
are  in  length  1452  yards,  and  coft  L.  100,  of  which 
about  L.  30  ought  to  be  charged  to  the  mill. 

Important  as  this  fubjecft  is,  we  muft  not  enlarge  this 
article,  or  we  fhould  make  large  extradls  from  Dr  An- 
derfon’s  PraSlical  Preatfe  on  Draining  Bogs  and  Snuam- 
py  Grounds.,  lately  publiihed.  It  is  proper,  however, 
to  inform  the  public,  that  the  author  puts  in  his  claim 
for  being  the  firft  difcoverer  of  that  mode  of  draining 
for  which  Mr  Elkington  has  obtained  from  parliament 
a premium  of  L.  1000;  and  the  reader  who  fliall  turn 
to  the  article  Drains  in  the  Encyclopaedia,  will  per- 
ceive that  his  claim  is  well-founded. 

DRAKE,  a harbour  in  California,  fo  called  after 
the  celebrated  Sir  Francis  Drake,  who  difcovered  and 
took  poffeffion  of  the  peninfula  of  California,  for  his 


miftrefs,  C^een  Elizabeth.  N.  lat.  28.  15.  W.  long. 
III.  39. — Morse. 

Drake,  Sir  Francis,  or  Drake's  Bay,  a bafon  in 
the  middle  of  the  Virgin  ifles,  in  the  Weft-Indies,  3 
or  4 leagues  broad,  and  6 or  7 long,  the  fineft  that 
can  be  imagined  ; and  in  which  fhips  may  anchor, 
landlocked,  and  (heltered  from  all  winds,— 

DRESDEN,  a tovvnlhip  in  Lincoln  co.  dlftrifl  of 
Maine,  fituated  9 miles  fiom  Wifcaffet  Point,  15  from 
Fort  Wefton,  at  Hallowell,  and  180  N.  by  E.  of  Bof- 
ton.  Swan  Ifland  is  in  this  townfhip.— ;3. 

DROMORE,  a townfhip  in  Lancafter  co.  Penn- 
fylvania, — ib. 

DROSSERA  Anglicana,  or  the  Sundew  (fee 
Drossbra,  ),  is  a Very  minute  villobs-  plant, 

ufually  growing  entangled  with  mofs  on  peat  bogs  ; the 
leaves  are  curioufly  fringed  with  numerons  ftrong  red- 
difh  hairs,  terminated  by  fmall  pellucid  globules  of  vif- 
cous  liquor,  which  occafiOn,  by  the.  refieftion  of  the 
fun,  that  peculiar  luftre  from  which  its  name  is  derived. 
It  is  in  thefe  hairs  that  the  eflentiar  properties  of  the 
plant  refide-;  for  if  a fmall  infedi  ftiould  fix  irfelf  on  one 
of  the  leaves,  thefe  hairs  immediately  begin  to  clofe, 
one  by  one,  till  the  infedl  is  wholly  environed  by  them, 
and  then  the  leaf  in  which  it  is  imprifoned  gradually 
bends  invswds,  fo  as  to  reach  the  bafe  : in  this  ftate 
the  infedl  is  killed  by  the  operation  of  the  acrimonious 
juice  exuding  from  the  ends  of  the'  hairs.  Rothius 
(as  quoted  by  Withering,  in  his  Arrangement  of  Bri- 
tifti  Plants,)  mentions  the  effefts  of  this  fingular plant", 
occafioned  by  the  irritation  of  an  ant,  which  he  placed 
on  the  centre  of  one  of  the  leaves  with  a pair  of  pincers. 
The  ant,  in  endeavouring  to  efcape,  was  held  fall  by 
the  vifcous  juice  of  the  fimaller  hairs- till  the  large  ones, 
together  with  the  edges  of  the  leaf,  clofed  in  and  im- 
prifoned it.  The  ant  died  in  fifteen  minutes  ; but  he 
obferves,  that  the  effedts  followed  fooner  or  later,  in  dif- 
ferent experiments,  according  to  the  ftate  of  the  wea- 
ther. Dr  Withering  has  publiffied  a fimilar  account  of 
the  fenfuive  properties  of  the  Sundew,  which  was  com- 
municated to  him  by  two  of  his  botanical  friends,  and 
which  he  has  made  very  entertaining  and  interefting. 
The  fame  thing  is  confirmed  by  a writer  in  the  Month- 
ly Magazine  for  Auguft  1797;  who  fays,  that' when- 
ever he  made  experiments  on  the  droffera  with  ants  and 
other  diminutive  iniedls,  he  commonly  found  them  perilh 
in  a ftiorter  time  than  fifteen  minutes.  His  experiments 
were  made  on  the  droffera  rotundifolia.  Rothius,  how- 
ever, obferves,  that  the  longifolia  produces  the  fame  ef-’ 
fedts,  but  with  greater  rapidity.  In  concluding  his  ac- 
count, Dr  Withering  fuggefts  this  enquiry  ; “ Whether 
this  deftrudtion  of  infedls  be  not  necelTary  to  the  welfare 
of  the  plant  ?”  And  it  is  furely  worth  fome  botanifPs 
while  to  take  fome  pains  to  anfwer  the  queftion, 

DRUGS  (fee  Encycl.)  are  fo  commonly  counter- 
feited, or  at  lead  adulterated,  that  in  London,  the 
royal  college  of  phyficians,  it  is  well  knov/n,  has  long 
ago  appointed  a court  of  examiners  to  inveftigate  the 
goodnefs  of  drugs  and  medicines  in  the  different  che- 
mifts  and  apothecaries  fhops.  The  counterfeit,  how- 
ever, is  made  up  with  fuch  dexterity,  that  not  only  the 
merchant  i nd  drug-broker,  but  even  the  man  of  fkill  is 
fometimes  deceived  ; and  indeed  nothing  ca-n  detedf  this 
impofition  but  a pradfical  knowledge  of  chemiftry. 
We  therefore  recommend  it  to  every  father  of  a family 

to 
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Durham  i2mlks  W.  of  Portfmouth,  It  was  incorporated  in 
II  1633,  and  contains  1247  inhabitants.  It  was  former- 
Dutch-  ^ Dover,  which  adjoins  it  on  the  N.  and 

was  called  Oyfter  river.  On  the  top  of  a hill  in  this 
town  is  a rock,  computed  to  weigh  60  or  70  tons, 
fo  exadly  poifed  on  another  rock  as  to  be  cafily  mov- 
ed by  one’s  finger.  Its  fituation  appears  to  be  natural. 
- — ib. 

Durham,  a townfhip  in  New-Haven  co.  Connedli- 
cut,  fettled  from  Guildford  in  1698,  and  incorporated 
in  1708.  It  is  about  22  miles  S.  W.  of  Hartford  and 
18  miles  N.  E.  of  New-Haven.  It  was  called  Chaging- 
chague  by  the  Indians ; which  name  a fmall  river  that 
chiefly  rifes  here,  ftill  bears. — il. 

Durham,  a townfhip  in  Bucks  co.  Pennfylvania. 
— ib. 

DUTCHESS  Co.  in  Nevv-York,  is  on  the  E.  fide 
of  Hudfon  river.  It  has  the  ftate  of  Ccnnefticnt  on 
the  E.  Weft-Chefter  on  the  S.  and  Colombia  co.  on 
the  N,  It  is  about  48  miles  long  and  23  broad,  and 
contains  15  townfhips,  of  wEich  Poughkeepfie  and 
Fifh-Kill  are  the  chief.  It  contains  45,266  inhabitants  ; 
of  thefe  6013  are  qualified  to  be  eledors,  and  1856  are 
fiaves.  Dutchefs  co.  fends  7 reprefentatives  to  the 
afiembly  of  the  ftate.  In  the  year  1792,  a remarkable 
cavern  was  difcovered  in  this  County,  at  a place  called 
by  the  Indians  Sepafcot,  at  Rhynbeck.  A lad,  by 
chance,  paffing  near  its  entrance,  which  lies  between 
two  huge  rocks,  on  the  declivity  of  a fteep  hill,  on 
prying  into  the  gloomy  recefs,  faw  the  top  of  a ladder, 
by  which  he  defeended  about  10  feet,  and  found  him- 
felf  in  a fubterraneous  apartment,  more  capacious  than 
he  chofe  to  inveftigate.  He  found,  however,  that  it 
had  been  the  abode  of  perfons,  who  probably  during 
the  war,  had  taken  fhelter  here,  as  bits  of  cloth  and 
pieces  of  leather  were  fcattered  about  its  floor.  It 
fince  appears  to  be  divided  by  a narrow  palTage  into 
two  apartments  j the  firft  being  about  17  feet  in  length, 
and  fo  low  that  a child  of  eight  years  old  could  but 
juft  walk  upright  in  it;  the  breadth  is  about  8 or  10 
feet.  The  fecond  between  12  and  14  feet  in  length,  but 
much  higher  and  broader  than  the  firft.  Like  many 
other  caverns  in  the  United  States,  it  polfelTes  a petri- 
fying quality  ; and  the  w’ater,  which  is  conftantly  per- 
colating through  the  roofs  of  its  apartments,  has  form- 
ed a variety  of  tranfparent  and  beautiful  ftaladitcs. 
They  have  the  appearance  of  icicles,  and  may  be  brok- 
en off  by  the  hand,  if  not  more  than  two  inches  in  cir- 
cumference. 

But  what  is  mod  to  be  admired  is  the  fkeleton  of  a 
large  fnake,  turned  into  folid  ftone  by  the  petrifying 
quality  of  the  w'ater  before-metioned.  It  was  with 
fame  difficulty  torn  up  with  an  axe  from  the  rock  it 
lay  upon,  and  is  now  in  poffeffion  of  the  gentleman 
who  explored  the  cavern.  A want  of  free  air  was  ex- 
perienced in  the  inmoft  receftes  of  the  cavern,  by  a 
difficult  refpiration,  though  the  candles  burnt  very 
clear.  The  air  was  alfo  very  warm. — ib. 

DUTCHMAN’S  Point,  a point  of  land  on  the  Ver- 
mont fide  of  lake  Champlain,  ab®ut  i6  miles  S.  of  the 
Canada  line.  The  Britifh  held  a ftockaded  hut  here, 
garrlfonedby  fix  foldiers,  fince  the  peace  of  1783.  It 
has  fince  been  delivered  up  to  the  United  States. 
-^ib. 


DUXBO ROUGH,  a maritime  townffiip  in  Ply-  Duxb 
mouth  co.  Mafiachufetts,  incorporated  in  1637.  20 

veffels,  the  greater  part  from  60  to  90  tons,  are  owned 
here.  It  Is  a healthy  towm,  and  contains  1460  inha-  \2^,- 
bitants ; not  a greater  number  than  it  contained  50 
years  ago.  It  lies  S.  by  E.  of  Plymouth,  3 miles 
acrofs  Plymouth  bay  by  water,  and  8 round  by  land, 
and  38  S.  E.  by  S.  of  Bofton.  Vv^ithin  the  harbour  are 
Clarke’s  ifland  confifting  of  about  100  acres  of  excel- 
lent land,  and  Sauquifh  ifland  which  was  formerly 
joined  to  the  Gurnet,  by  a narrow  piece  of  land  ; but 
the  water  has  Infulated  it.  The  Gurnet  is  an  eminence 
at  the  fouthern  extremity  of  the  beach,  on  which  is  a 
light-houfe  built  by  the  ftate.  The  Indian  name  of  the 
town  was  Mattakeefet,  or  Namakeefet.  It  was  fettled 
by  capt.  Standifti  and  his  aficclates.  The  captain 
came  to  Plymouth  with  the  firft  fettlers  in  1620. — ib. 

DUXBURY,  a townfhip  in  Hillfborough  co.  New- 
Hampfliire,  incorporated  in  1763  ; fiift  called  Dant- 
zick,  joined  with  Sutton  in  the  enumeration  of  1775'i' 

It  has  only  1 69  inhabitants. — ib. 

Duxbury,  a townfhip  in  Chittenden  co.  Vermont, 
about  20  miles  S.  E.  of  Burlington,  and  contains  39 
inhabitants. — ib. 

DWARFING  OF  Vegetables,  an  art  invented  by 
the  Cbinefe,  to  which  the  attention  of  Sir  George 
Staunton  was  attrafted  on  the  following  occafion  : 

When  the  embalTy  was  at  Chufan  (See  Chusan  in 
this  Supplement)  the  gentlemen  who  went  on  fhore 
were  introduced  to  the  governor  in  his  hall  of  audience, 
where  on  feveral  tables  were  placed,  in  frames  filled 
with  earth,  dwarf  pines,  oaks,  and  orange  trees,  bear- 
ing fruit.  None  of  them  exceeded  in  height  two  feet. 

Some  of  thofe  dwarfs  bore  all  the  marks  of  decay  from 
age  ; and  upon  the  furface  of  the  foil  were  interfperfed 
fmall  heaps  of  ftones,  which,  in  proportion  to  the  ad- 
joining dwarfs  might  be  termed  rocks.  Tkefe  were 
honey-combed  and  mofs-grewn,  as  if  untouched  for 
ages,  which  ferved  to  maintain  the  illufton,  and  to  give 
an  antique  appearance  to  the  whole.  This  kind  of 
ftunted  vegetation  feemed  to  be  much  relifhed  by  the 
curious  in  China,  and  fpecimens  of  it  were  to  be  found 
in  every  confiderable  dwelling.  To  produce  them  form- 
ed part  of  the  gardener’s  fkill,  and  was  an  art  invent- 
ed in  that  country.  Befide  the  mere  merit  of  overcom- 
ing a difficulty,  it  had  that  of  introducing  vegetables 
into  common  apartments,  from  which  their  natural  fize 
muft  otherwife  have  excluded  them. 

The  general  method  of  obtaining  vegetable  dwarfs  is 
faid  to  be  the  following  : A quantity  of  clay  or  mould 
is  applied  to  the  upper  part  of  the  trunk  of  a tree,  from 
which  a dwarf  is  intended  to  be  taken,  and  clofe  to  its 
divifion  into  branches.  The  mold  is  to  be  confined  to 
the  fpot  by  coarfe  hempen  or  cotton  cloth,  and  to  be 
carefully  ktpt  moift  by  water.  In  confequence  of  this 
application,  continued  fometimes  above  a twelvemonth, 
fmall  tender  fibres  fhoot  down  like  roots  from  the  wood 
iato  the  mould.  The  part  of  the  trunk  emitting  thofe 
new  fibres,  together  with  the  branch  rlfing  immediately 
above  it,  is  then  to  be  carefully  feparated  from  the  reft 
of  the  tree,  and  planted  in  new  earth,  ia  which  the 
fibres  become  new  roots,  while  the  former  branch  is 
now  the  ftem  of  the  vegetable  thus  transformed  in  feme 
meafure.  This  operation  does  not  deftroy  or  alter  the 

produftive 
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I Dwarfing  produiSIve  faculty  which  thof©  parts  enjoyed  before  their 
II  reparation  from  their  parent  root.  That  which,  while 
a branch  of  the  original  tree  bore  flowers  and  fruit,  con- 
tinues to  produce  the  fame,  though  no  longer  fupport- 
ed  upon  any  flock.  The  terminal  buds  of  fuch  branches 
of  trees  as  are  meant  to  become  dwarfs  are  torn  off ; 
which  circumftance  prevents  the  further  elongation  of 
thofe  branches,  and  forces  other  buds  and  branchlets 
*.  from  the  fides.  Thefe  branchlets  are  bent  by  wires  to 
whatever  form  the  operator  wifhes  : and  when  the  ap- 
pearance of  age  and  decay  is  meant  to  be  given  to  a 
dwarf  tree,  it  is  repeatedly  fmeared  with  treacle  or  mo- 
laffes,  which  attrads  multitudes  of  ants,  who,  in  pur- 
fuit  of  thofe  fweet  juices,  attack  the  bark,  and,  by 
a gradual  corrofion  of  it,  produce  the  defired  effedt. 
Thefe  different  procelfes  are  fometimes  attempted  to  be 
kept  fecret  by  the  gardeners,  and  they  vary  defignedly 
in  tire  mode  of  carrying  them  on  ; but  the  principle  on 
which  they  are  founded  is  fufficiently  apparent  from 
. w'hat  is  related  here,  and  the  contrivance  argues  inge- 
nuity and  perfeverance,  rather  than  the  pradlice  does 
true  tafte,  which  confifts  in  aflifting  nature  in  its  mod 
favourite  works— not  in  counteracting  its  operations  or 
diftorting  its  productions. 

DYEING  is  an  art,  into  which,  fince  the  article  in 
the  Encyclopaedia  was  publifhed,  improvements  have 
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been  introduced  of  fuch  importance,  that  It  would  be  Dyeing, 
unpardonable  not  to  notice  them  in  this  Supplement. 

We  accordingly  agreed  for  anew  article  with  a teacher 
of  chemiftry,  tlrongly  recommended  to  us  as  a man  who 
had  long  diredted  his  attention  to  that  fubjedl ; and  be 
folemnly  engaged  to  have  the  article  ready  for  the  prefs 
before  the  iff  of  November  1798.  It  is  now  the  20th 
of  hebruary  1799  ; and  after  amufing  us  from  week  to 
week,  and  from  day  to  day,  till  our  patience  is  quite 
exhaufted,  he  finds  himfelf  unable  (for  we  will  not  at- 
tribute his  condudt  to  a worfe  motive)  to  fulfil  his  en- 
gagement.  In  this  Hate  of  things  what  are  we  to  do  ? 

The  fubjedt  muft  not  be  relinquithed,  and  our  numer- 
ous preffes  can  no  longer  ftand  unemployed.  It  is  for- 
tunate  that,  by  following  the  arrangement  of  Chaptal, 
fo  well  known  for  the  clearnefs  of  his  method,  we  have 
yet  an  opportunity  of  treating  of  dyeing  under  the  ar- 
ticle Animal  and  V "igetahle  Substances  referred  to  from 
Chemistry.  Such  of  our  readers  as  are  acquainted 
with  the  bufinefs  of  the  prefs  will  deem  this  fhort  nar- 
rative a fufficient  apology  for  our  condudt ; and  even 
thofe  of  them  who  are  in  a great  meafure  ftrangers  t* 
that  bufinefs,  will  not  think  us,  circumftanced  as  we  are, 
deferving  of  much  cenfure  for  delaying  a fubjedl,  which 
we  pledge  ourfelves  not  to  omit  under  the  article  to 
which  we  have  referred. 
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This  name  marks  that  department  of  phyfico- 
mathematical  fcience  which  contains  the  abllradt 
dodlrine  of  moving  forces  ; that  is,  whatever  necef- 
farily  refults  from  the  relations  of  our  ideas  of  motion, 
and  of  the  immediate  caufes  of  its  produdtion  and 
changes. 

All  changes  of  motion  are  confidered  by  us  as  the  in- 
dications, the  charadleriftics,  and  the  meafures  of  chan- 
ging caufes.  This  is  a phyfical  law  of  human  thought, 
and  therefore  a principle  to  which  we  may  refer,  and 
from  which  we  muft  derive  ail  our  knowledge  of  thofe 
caufes.  When  we  appeal  to  our  own  thoughts  or  feel- 
ings, we  do  not  find  in  ourfelves  any  difpofition  to  refer 
mere  exiftcnce  to  any  caufe,  although  the  beginning 
of  exiftence  certainly  produces  this  reference  in  an  in- 
ftant.  Had  we  always  obferved  the  univerfe  in  mo- 
tion, it  does  not  appear  that  we  ftiould  have  aferibed  it 
to  a caufe,  till  the  obfervation  of  relative  reft,  or  fome- 
thing  leading  to  it,  had  Ifcabled  us  to  feparate,  by  ab- 
ftradtion,  the  notion  of  matter  from  that  of  motion.  We 
might  then  perceive,  that  reft  is  not  incompatible  with 
matter  ; and  wc  might  even  obferve,  by  means  of  rela- 
tive motions,  that  abfolute  reft  might  be  produced  by 
the  concourfe  of  equal  and  oppofite  motions.  But  all 
this  requires  refledtion  and  reafoning ; whereas  we  are 
now  fpeaking  of  the  Srft  fuggeftions  of  our  minds. 

We  cannot  have  any  notion  of  motion  in  ahJlraSoy 
without  confidering  it  as  a ftate  or  condition  of  exiftence, 
which  would  remain  if  not  changed  by  fome  caufe.  It 
is  from  changes  alone,  therefore,  that  we  infer  any 
agency  in  nature ; and  it  is  in  thefe  that  we  are  to  find 
all  that  we  know  of  their  caufes. 

SUPPL.  VoL.  I, 


When  we  look  around  us,  we  cannot  but  obferve,  Mcchani- 
that  the  motions  of  bodies  have,  in  moft  cafes,  if  not  cal  relation, 
always,  fome  relation  to  the  fituation,  the  diftance,  and 
the  diferiminating  qualities  of  other  bodies.  The  mo- 
tions of  the  moon  have  a palpable  relation  to  the  earth  ; 
the  motions  of  the  tides  have  as  evident  a relation  to  the 
moon  ; the  motions  of  a piece  of  iron  have  a palpable 
dependence  on  a magnet.  The  vicinity  of  the  one 
feems  to  be  the  occafion  at  leaft  of  the  motions  of  the 
other.  The  caufes  of  thefe  motions  have  an  evident 
connexion  with  or  dependence  on  the  other  body.  We 
are  even  difpofed  to  imagine  that  they  are  inherent  in 
that  body,  and  that  it  poffeffes  certain  qualities  which 
are  the  caufes  of  thofe  modifications  of  motion  in  other 
bodies.  Thefe  ferve  to  diftinguifti  fome  bodies  from 
others,  and  may  therefore  be  called  properties  ; and, 
fince  the  condition  of  other  bodies  fo  evidently  depends 
on  them,  thefe  properties  exprefs  very  interefting  rela- 
tions of  bodies,  and  are  chiefly  attended  to  in  the  enu- 
meration of  the  circumftances  which  afeertain  what  we 
call  the  nature  of  any  thing.  We  do  not  mean  to  fay, 
that  thefe  inferences  are  always  juft ; nay,  we  know 
that  many  of  them  are  ill-founded  ; but  they  are  real, 
and  they  ferve  abundantly  for  informing  us  what  we 
may  expedl  from  any  propofed  fituation  of  things.  It 
is  enough  for  us  to  know  that  when  a piece  of  iron  is 
fo  and  fo  fituated  in  relation  to  a magnet,  it  will  move 
in  a certain  manner. 

This  mutual  relation  of  bodies  is  differently  confider- 
ed, according  to  the  intereft  that  we  chance  to  take  in 
the  phenomenon.  The  caufe  of  the  approach  of  the 
iron  to  a magnet  is  generally  aferibed  to  the  magnet, 
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which  is  faid  to  attract  the  iron,  becaufe  we  commonly 
employ  the  magnet  in  order  that  thefe  motions  may 
take  place.  The  fimilar  approach  of  a ftone  to  the 
earth  is  afcribed  to  the  ftone,  and  we  fay  that  it  tends 
to  the  earth.  In  all  probability,  the  procedure  of  na- 
ture is  the  fame  in  both  ; for  they  are  obferved,  in  eve- 
ry inftance,  to  be  mutual  between  the  related  bodies. 
As  iron  approaches  a magnet,  fo  the  magnet  approach- 
es the  iron.  The  fame  thing  is  obferved  in  the  motions 
of  electrified  bodies  ; alfo  in  the  cafe  of  the  ftone  and 
the  earth.  Therefore  the  caufe  of  the  motions  may  be 
conceived  as  inherent  in  either,  or  in  both. 

The  qualities  thus  inherent  in  bodies,  conftituting 
their  mechanical  relations,  have  been  called  the  mecha- 
nical AFFECTIONS  OF  MATTER.  But  they  are  more 
commonly  named  powers  or  forces  ; and  the  event 
which  indicates  their  prefence,  is  confidered  as  the  effed 
and  mark  of  their  agency.  The  magnet  is  faid  to  act 
on  the  iron,  the  earth  is  faid  to  act  on  the  ftone  ; and 
the  iron  and  the  ftone  are  faid  to  act  on  the  magnet 
and  on  the  earth. 

All  this  is  figurative  or  metaphorical  language.  All 
languages  have  begun  with  focial  union,  and  have  im- 
proved along  with  it.  The  firft  colledions  of  words 
exprefied  the  moft  familiar  and  the  moft  interefting  no- 
tions. In  the  procefs  of  focial  improvement  the  num- 
ber of  words  did  not  increafe  in  the  fame  proportion 
with  the  notions  that  became  interefting  and  familiar  in 
their  turn  : for  it  often  happened  that  relations  of  cer- 
tain ideas  fo  much  refembled  the  relations  of  certain 
other  ideas,  that  the  word  expreffing  one  of  them  ferved 
very  well  for  expreffing  the  other  ; becaufe  the  diffimilar 
circumftances  of  the  two  cafes  prevented  all  chance  of 
miftake.  Thus  we  are  faid  to  furmount  a difficulty, 
without  attaching  to  the  word  the  notion  getting  over 
a fteep  hill.  .Languages  are  thus  filled  with  figurative 
expreffions. 

Power,  Force,  and  Action,  are  words  which  muft 
have  appeared  in  the  language  of  the  moft  fimple  peo- 
ple; becaufe  the  notions  of  perfonal  ability,  ftrength, 
and  exertion,  are  at  once  the  moft  familiar  and  the  moft 
interefting  that  can  have  a place  in  the  human  mind. 
Thefe  terms,  when  ufed  in  their  pure  primitive  fenfe, 
exprefs  the  notions  of  the  power,  force  and  adion  of 
a fentient,  adtive,  being.  Such  a being  only  is  an 
agent.  The  exertion  of  his  power  or  force  is  (exclu- 
lively)  adtion  ; But  the  relation  of  caufe  and  effedt  fo 
much  refembles  in  its  refults  the  relation  between  this 
force  and  the  work  performed,  that  the  fame  term  may 
be  very  intelligibly  employed  for  both.  Perhaps  the 
only  cafe  of  pure  unfigurative  adtion  is  that  of  the 
mind  on  the  body.  But  as  this  is  always  with  the 
defign  of  producing  fome  change  on  external  bodies, 
we  think  only  of  them  ; the  inftrument  or  tool  is 
overlooked,  and  we  fay  that  we  adt  on  the  external 
body.  Our  real  adtion  therefore  is  but  the  firft  move- 
ment in  a long  train  of  fucceffive  events,  and  is  but  the 
remote  caufe  of  the  Interefting  event.  The  refemblance 
to  fuch  adtions  is  very  ftrong  indeed  in  many  cafes  of 
mechanical  phenomena.  A man  throws  a ball  by  the 
motion  of  his  arm.  A fpring  Impels  a ball  in  the  fame 
manner  by  unbending.  Thefe  two  events  refemble 
each  other  in  every  circumftance  but  the  adtion  of  the 
mind  on  the  corporeal  organ — the  reft  of  it  is  a train 
®f  pure  mechanifm.  In  general,  becaufe  the  ultimate 
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refults  of  the  mutual  influence  of  bodies  on  each  other 
greatly  refemble  the  ultimate  refults  of  our  adtions  on  bo- 
dies, we  have  not  invented  appropriated  terms,  but  have 
contented  ourfelves  with  thofe  already  employed  for  ex- 
preffing our  own  adtions,  the  exertions  of  our  own 
powers  or  forces.  The  relation  of  phyfical  caufe  and 
effedt  is  exprefied  metaphorically  in  the  words  which  i 

belong  properly  to  the  relation  of  agent  and  adtion.  I 

This  has  been  attended  by  the  ufual  confequences  of  ! 

poverty  of  language,  namely,  ambiguity,  and  fomelimes  | 

miftake,  both  in  our  refledlions,  (vffiich  are  generally 
carried  on  by  mental  difeourfe),  our  reafonings,  and 
our  conclufions.  It  is  neceffary  to  be  on  our  guard 
againft  fuch  iniftakes  ; for  they  Frequently  amount  to  1 

the  confounding  of  things  totally  different.  Many  phi- 
lofophers  of  great  reputation,  on  no  better  foundation 
than  this  metaphorical  language,  have  confounded  the 
relations  of  adlivlty  and  of  caufation,  and  even  denied 
that  there  is  any  difference;  and  they  have  affirmed,  that 
there  is  the  fame  invariable  relation  between  the  deter- 
minations of  the  will  and  the  inducements  that  prompt 
them,  as  there  is  between  any  phyfical  power  and  its 
effedt.  Others  have  maintained,  that  the  firft  mover 
in  the  mechanical  operations,  and  indeed  through  the 
whole  train  of  any  complicated  event,  is  a percipient 
and  intending  principle  in  the  fame  manner  as  in  our 
adtions.  According  to  thefe  philofophers,  a particle 
of  gravitating  matter  perceives  its  relation  to  every 
other  particle  in  the  univerfe,  and  determines  its  own 
motion  according  to  fixed  laws,  in  exadt  conformity  to 
its  fituation.  But  the  language,  and  even  the  adtions 
of  all  men  (hew,  that  they  have  a notion  of  the  relation 
of  an  agent  to  the  adtion,  eafily  diftinguifiiable  (becaufe 
all  diftinguifii  it)  from  the  relation  between  the  phyfi- 
cal caufe  and  its  effedt.  The  proofs  of  this  fadt  have 
been  adduced  in  other  parts  of  the  Encyclopsedia,  as, 
for  example,  in  the  article  Philosophy,  n®  42.  and  in 
this  Supplement  in  the  article  Action. 

Thefe  remarks  are  not  made  in  this  place  for  any 
philological  purpofe,  fuch  as  the  mere  improvement  of 
language,  but  becaufe  this  metaphorical  language  has 
affedted  the  dodtrines  of  mechanical  philofophy,  and 
has  produced  a difpute  about  fome  of  its  firft  princi- 
ples ; and  becaufe  we  find,  that  the  only  way  to  decide 
this  difpute  is  to  avoid,  moft  fcrupuloufly,  all  metapho- 
rioal  language,  though  at  the  expence  of  much  circum- 
locution. 6 

When  we  fpeak  of  powers  or  forces  as  refiding  in  a Diredfioni 
body,  and  the  effedt  as  produced  by  their  exertion,  the 
body,  confidered  as  poffeffing  the  power,  is  faid  to  act  me^ofthis. 
on  the  other.  A magnet  is  faid  to  adt  on  a piece  of  asalogy. 
iron  ; a billiard  ball  in  motion  is  faid  to  adt  on  one 
that  is  hit  by  it  : but  if  we  attempt  to  fix  our  atten- 
tion on  this  adtion,  as  diftindt  both  from  the  agent 
and  the  thing  adted  on,  we  find  no  objedt  of  contem- 
plation.— The  exertion  or  procedure  of  nature  In  produ- 
cing the  effedt  does  not  come  under  our  view.  When 
we  fpeak  of  the  adtion  as  diftindt  from  the  agent,  we 
find  that  it  is  not  the  adtion,  properly  fpeaking,  but 
the  adt  that  we  fpeak  of.  In  like  manner,  the  adtion  ^ 
of  a mechanical  power  can  be  conceived  only  in  the  effedt  Adtion  iqi- 
produced.  plies 

A man  is  not  faid  to  adt  unlefs  he  produces  fome  change; 
effedt.  Thought  is  the  adt  of  the  thinking  principle  ; 
motion  of  the  limb  is  the  adt  of  the  mind  on  it.  In  adtiqn.. 

mechanics, 


D Y N A 

mechanics,  alfo,  there  is  action  only  in  fo  far  as  there 
is  mechanical  effedt  produced.  I muft  adl  violently  in 
order  to  begin  motion  on  a Aide  ; I muft  exert  force, 
and  this  force  exerted  produces  motion.  I conceive 
the  produdlion  of  motion,  in  all  cafes,  as  the  exertion 
of  force  ; but  it  requires  no  exertion  to  continue  the 
motion  along  the  Aide  ; I am  confcious  of  none,  there- 
fore 1 ought  to  infer  that  no  force  is  neceAary  for  the 
continuation  of  any  motion.  The  continuation  of  mo- 
tion is  not  the  produdlion  of  any  new  effedl,  but  the 
permanency  of  an  effedl  already  produced.  We  in- 
- deed  confider  motion  as  the  effedl  of  an  adlion  ; but 
there  would  be  no  effedl  if  the  body  were  not  moving. 

8 Motion  is  not  the  adlion,  but  the  effedl  of  the  adlion. 
Trejfton,  im-  Mechanical  adlions  have  been  ufually  claffed  under 
iulfton.  tv/o  heads:  they  are  either  Pressures  or  Impul- 
sions. They  are  generally  confidered  as  of  different 
kinds  ; the  exertions  of  different  powers.  Pressure 
is  fuppofed  to  differ  effentially  from  Impulse. 

Inftead  of  attempting  to  define,  or  defcribe,  thefe 
ttvo  kinds  of  forces  and  actions,  we  ftiall  juft  mention 
fome  inftances.  This  will  give  us  all  the  knowledge  of 
their  diftindlions  that  we  can  acquire. 

Example*  When  a ball  lies  on  a table,  and  I prefs  it  gently  on 
af  preffion.  one  fide,  it  moves  toward  the  other  fide  of  the  table. 

If  I follow  it  with  my  finger,  continuing  my  preffure, 
it  accelerates  continually  in  its  motion.  In  like  man- 
ner, when  I prefs  on  the  handle  of  a common  kitchen 
jack,  the  Ay  begins  to  move.  If  I continue  to  urge  or 
prefs  round  the  handle,  the  Ay  accelerates  continually, 
and  may  be  brought  into  a ftate  of  very  rapid  motion. 
Thefe  motions  are  the  effedls  of  genuine  preffure.  The 
ball  would  be  urged  along  the  table  in  the  fame  man- 
ner, and  with  a motion  continually  accelerated,  by  the 
unbending  of  a fpring.  Alfo,  a fpring  coiled  up  round 
the  axis  of  the  handle  of  the  jack  would,  by  uncoiling 
itfelf,  urge  round  the  Ay  with  a motion  accelerating  in 
the  fame  way.  The  more  I refied  on  the  preffure  of 
my  finger  on  the  ball,  and  compare  it  with  the  effedl 
of  the  fpring  on  it,  the  more  clearly  do  I fee  the  per- 
fect fimilarity ; aiid  I call  thefe  inAuences,  exertions, 
or  adlions,  by  one  name,  pressure,  taken  from  the 
moft  familiar  inftance  of  them. 

Again,  the  very  fame  motion  may  be  produced  in 
the  ball  or  Ay,  by  pulling  the  ball  or  the  machine  by 
means  of  a thread,  to  which  a weight  is  fufpended.  As 
both  are  motions  accelerated  in  the  fame  manner,  I call 
the  infiuence  or  adlion  of  the  thread  on  the  ball  or  ma- 
chine by  the  fame  name  pressure,  and  weight  is  con- 
fidered as  a prefiing  power.  Indeed  I feel  the  fame  com- 
prefiion  from  the  real  preffure  of  a man  on  ray  Aioul- 
ders  that  I would  feel  from  a load  laid  on  them.  But 
the  weight  in  our  example  is  adling  by  the  intervention 
of  the  thread.  By  its  preffure  it  is  pulling  at  that  part 
of  the  thread  to  which  it  is  faftened  ; this  part  is  pul- 
ling at  the  next  by  means  of  the  force  of  cohefion  ; and 
this  pulls  at  a third,  and  fo  on,  till  the  moft  remote 
pulls  at  the  ball  or  the  machine.  Thus  may  elafticity, 
weight,  cohefion,  and  other  forces,  perform  the  office 
of  a genuine  power  ; and  fince  their  refult  is  always  a 
motion  beginning  from  nothing,  and  accelerating  by 
perceptible  degrees  to  any  velocity,  this  refemblance 
makes  us  call  them  by  one  familiar  name. 

But  farther,  I fee  that  if  the  thread  be  cut,  the 
weight  will  fall  with  an  accelerated  motion,  which  will 
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increafe  to  any  degree  if  the  fall  be  great  enough.  I 
afcribe  this  alfo  to  a prefiing  power  adling  on  the 
weight.  Nay,  after  a very  little  refinement,  I confider 
this  power  as  the  caufe  of  the  body’s  weight  ; which 
word  is  but  a diftinguiffring  name  for  this  particular 
inftance  of  preffing  power.  Gravitation  is  therefore 
added  to  the  lift  of  preffures ; and  for  fimilar  reafons, 
the  attradlions  and  repulfions  of  magnets  or  eledlric  bo- 
dies may  be  added  to  the  lift.  For  they  produce  adtual 
comprefiions  of  bodies  placed  between  them,  and  they 
produce  motions  gradually  accelerated,  precifely  as 
gravitation  does.  Therefore  all  thefe  powers  may  be 
diftinguiAied  by  this  defcriptive  name  prejfures^  which, 
in  ftridl  language,  belongs  to  one  of  them  only. 

Several  writers,  however,  fubdivide  this  great  clafs 
into  preAions  and  folicitations.  Gravity  is  a folicita- 
tion  ab  extra,  by  which  a body  is  urged  downward. 
In  like  manner,  the  forces  of  magnetifm  and  eleclriclty, 
and  a vaft  variety  of  other  attradlions  and  repulfions, 
are  called  folicitations.  We  fee  little  ufe  for  this  dif- 
tinclion,  and  the  term  is  too  like  an  affedlion  of  mind. 

Impulsion  is  exhibited  when  a ball  in  motion  puts 
another  ball  into  motion  by  hitting,  or  (to  fpeak  meta- 
phorically) by  ftriking  it.  The  appearances  here  are 
very  different.  The  body  that  is  ftruck  acquires,  in 
the  inftant  of  impulfe  a fenfible  quantity  of  motion,  and 
fometimes  a very  rapid  motion.  This  motion  is  neither 
accelerated  nor  retarded  after  the  ftroke,  unlefs  it  be  af- 
fedted  by  fome  other  force.  It  is  alfo  remarked,  that 
the  rapidity  of  the  motion  depends,  inter  alia  on  the 
previous  velocity  of  the  ftriking  body ; for  inftance, 
if  a clay  ball,  moving  with  any  velocity,  flrike  anether 
equal  ball  which  is  at  reft,  the  ftruck  ball  moves  with 
half  the  velocity  of  the  other.  And  it  is  farther  re- 
markable, that  the  ftriking  body  always  lofes  as  much 
motion  as  the  ftruck  body  gains.  This  univerfal  and 
remarkable  fadl  feems  to  have  given  rife  to  a confufed 
or  indiftindl  notion  of  a fort  of  transference  of  motion 
from  one  body  to  another.  The  phrafeology  in  gene- 
ral ufe  on  this  fubjedl  expreffes  this  in  the  moft  precife 
terms.  The  one  ball  is  not  faid  to  caufe  or  produce 
motion  in  the  other,  but  to  communicate  motion  to  it  ; 
and  the  whole  phenomenon  is  called  the  commuuication 
of  motion.  We  call  this  an  indiftindl  notion  ; for  furely 
no  one  will  fay  that  he  has  any 'clear  conception  of  it. 
We  can  form  the  moft  diftindt  notion  of  the  communi- 
cation of  heat,  or  of  the  caufe  of  heat ; of  the  communi- 
cation of  faltnefs,  fweetnefs,  and  a thoufand  other 
things  ; but  we  cannot  conceive  how  part  of  that  iden- 
tical motion  which  was  formerly  in  A,  is  now  infufed 
into  B,  being  given  up  by  A.  It  is  in  our  attempt  to 
form  this  notion  that  we  find  that  motion  is  not  a 
thing,  not  a fubftance  w'hich  can  exift  independently,  and 
is  fufceptible  of  adlual  transference.  It  appears  in  this 
cafe  to  be  a ftate,  or  condition,  or  mode  of  exiftence, 
of  which  bodies  are  fufceptible,  w'hich  is  producible,  or 
(to  fpeak  without  metaphor)  caufable  in  bodies,  and 
which  is  the  effedl  and  charaSleriJlic  of  certain  natural 
qualities,  properties  or  powers.  We  are  anxious  to 
have  our  readers  imprefi'ed  with  clear  and  precife  no- 
tions on  this  fubjedl,  being  confident  that  fuch,  and  on- 
ly fuch,  will  carry  them  through  fome  intricate  paths 
of  mechanical  and  philofophical  refearch. 

The  remarkable  circumftance  in  this  phenomenon  is, 
that  a rapid  motion,  w'hich  requires  for  the  effedling  it 
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to  preflure,  may  be  produced  by  motion.  Thus,  two 
balls  connefled  by  a thread,  may  be  fo  (truck  that  they 
fiiall  move  forward,  and  at  the  fame  time  wheel  round. 
In  this  cafe  the  connedting  thread  will  be  (tretched  be- 
tween them.  Now,  fay  the  philofophers,  fince  we  fee 
Motion,  and  fee  that  prelTure  may  be  produced  by  mo- 
tion, it  is  prepofterous  to  imagine  that  it  is  aii7  thing 
elfe  than  a refult  of  certain  motions  ; and  it  is  the  bufi- 
nefs  of  a philofopher  to  inquire  and  difcover  what  mo- 
tions produce  the  prefTures  that  we  obferve. 

They  then  proceed  to  account  for  thofe  prefling 
powers,  or  felicitations  to  motion,  which  we  obferve  in 
the  acceleration  of  falling  bodies,  the  attradtions  of  mag- 
netifm  and  eledlricity,  and  many  other  phenomena  of 
this  kind,  where  bodies  are  put  in  motion  by  the  vici- 
nity of  other  bodies,  or  (in  the  popular  language)  by 
the  adtion  of  other  bodies  at  a diftance.  To  fay  that  a 
magnet  can  adl  on  a piece  of  remote  iron,  is  to  fay  that 
it  can  adt  <where  it  is  not ; which  is  as  abfurd  as  to  fay, 
that  it  can  adt  tuhen  it  is  not.  Nihil  movetur,  fays  Eu- 
ler, nifi  a contiguo  et  moio. 

The  bulk  of  thefe  philofophers  are  not  very  anxious 
about  the  way  in  which  thefe  motions  are  produced, 
nor  do  they  fall  upon  fuch  ingenious  methods  of  pro- 
ducing preffure  as  the  one  already  mentioned,  which 
was  adduced  by  Euler.  The  piece  of  iron,  fay  they, 
is  put  in  motion  when  brought  into  the  neighbourhood 
of  a magnet,  becaufe  there  is  a ftream  of  fluid  ifluing 
from  one  pole  of  the  magnet,  which  circles  round  the 
magnet,  and  enters  at  the  other  pole : This  ftream  im- 
pels the  iron,  and  arranges  it  in  certain  determined  po- 
fitions,  juft  as  a ftream  of  water  would  arrange  the 
flotc  grafs.  In  the  fame  manner,  there  is  a ftream  of 
fluid  continually  moving  towards  the  centre  of  the 
earth,  which  impels  all  bodies  in  lines  perpendicular 
to  the  furface  ; and  fo  on  with  regard  to  other  like  phe- 
nomena. Thefe  motions  are  thus  reduced  to  very  lim- 
ple  cafes  by  impulfion. 

It  is  unnecellary  to  refute  this  do<5frine  at  prefent  j 
it  is  enough  that  it  is  contrary  to  all  the  dictates  of 
common  fenfe.  To  fuppofe  an  agent  that  we  do  not  fee, 
and  for  whofe  exiftence  we  have  not  the  fmalleft  argu- 
ment; with  equal  propriety  we  might  fuppofe  mini- 
ftering  fpirits,  or  any  thing  that  we  pleafe. 

Other  philofophers  are  fo  diffatisfied  with  this  notion 
of  the  produftion  of  preflure,  that  they,  on  the  other 
hand,  affirm  that  prelTure  is  the  only  moving  force  in 
nature  ; not  according  to  the  popular  notion  of  pref- 
fure, by  the  mutual  contact  of  folid  bodies,  but  that 
kind  of  preflure  which  has  been  called  follcitation  ; fuch 
as  the  power  of  gravity.  They  affirm,  that  there  is  no 
fuch  thing  as  contaifl  on  inftantaneous  communication 
of  motion  by  real  collifion.  They  fay  (and  they  prove 
it  by  very  convincing  fails  (fee  Optics,  n°  63 — 68. 
Encycl,),  that  the  particles  of  folid  bodies  exert  very 
ftrong  repulflons  to  a fmall  diftance  ; and  therefore, 
when  they  are  brought  by  motion  fufflciently  near  to 
another  body,  they  repel  it,  and  are  equally  repelled 
by  it.  Thus  is  motion  produced  in  the  other  body,  and 
their  own  motion  is  diminifhed.  And  they  then  fhew, 
by  a fcrupulous  confideration  of  the  ftate  of  the  bodies 
while  the  one  is  advancing  and  the  other  retiring,  in 
what  manner  the  two  bodies  attain  a common  velocity, 
fo  that  the  quantity  of  motion  before  collifion  remains 
unchanged,  the  one  body  gaining  as  much  as  the  other 
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lofes.  They  alfo  fhew  cafes  of  fuch  mutual  a6lion  be- 
tween  bodies,  where  it  is  evident  that  they  have  never 
come  into  contadl ; and  yet  the  refult  has  been  precife- 
ly  fimilar  to  thofe  cafes  where  the  motion  appeared  to 
be  changed  in  an  inftant.  Therefore  they  conclude, 
that  there  is  no  fuch  thing  as  inftantaneous  communica- 
tion, or  transfufion  of  motion,  by  contad  in  collifion  or 
impulfe.  The  reafon  why  previous  motion  of  the  im- 
pelling body  is  neceffary,  is  not  that  it  may  have  a vis 
infita  corpori  moio,  a force  inherent  in  it  hy  its  being  in 
motion,  but  that  it  may  continue  to  follow  the  impelled 
and  retiring  body,  and  exert  on  it  a force  inherent  in  it- 
felf,  whether  in  motion  or  at  reft. — According  to  thefe 
philofophers,  therefore,  all  moving  forces  are  of  that 
kind  which  has  been  named  folicitation  ; fuch  as  gravity. 

We  fliall  know  it  afterwards  by  the  more  familiar 
and  deferiptive  name  of  Accelerating  or  Retard- 
ing force. 

The  exertions  of  mechanical  forces  are  diiFerently  Aaion, 
termed,  according  to  the  reference  that  we  make  to  Re-~ 

refult.  If,  in  boxing  or  wreftling,  I ftrike,  or  endea- 
vour  to  throw  my  antagonift.  I am  faid  to  act  ; but 
if  I only  parry  his  blows,  or  prevent  him  from  throwing 
me,  I am  faid  to  resist.  This  diftindtion  is  applied 
to  the  exertions  of  mechanical  powers.  When  one  bo- 
dy A changes  the  motion  of  another  B,  we  may  confi- 
der  the  change  in  the  motion  of  B either  as  the  indica- 
tion and  meafure  of  A’s  power  of  producing-  motion, 
or  as  the  indication  and  meafure  of  A’s  refiftance  to  the 
being  brought  to  reft,  or  having  its  motion  any  how 
changed.  The  diftindlion  is  not  in  the  thing  itfelf,  but 
only  in  the  reference  that  we  are  difpofed,  by  other 
confiderations,  to  make  of  its  effeift.  They  may  be 
diftlnguiflied  in  the  following  manner  : If  a change  of 
motion  follow  when  one  of  the  powers  ceafes  to  be  ex- 
erted, that  power  is  conceived  as  having  refifted.  The? 
whole  language  on  this  fubjedl  is  metaphorical.  Re- 
fiftance, effort,  endeavour,  &c.  are  words  which  cannot 
be  employed  in  mechanical  difcuflions  without  figure, 
becaufe  they  all  exprefs  notions  which  relate  to  fentient 
beings  ; and  the  unguarded  indulgence  of  this  figura- 
tive language  has  fo  much  affefted  the  imagination  of 
philofophers,  that  many  have  almoft  animated  all  mat- 
ter. Perhaps  the  word  Reaction-,  introduced  (we 
think)  by  Newton,  is  the  beft  term  for  e.xprefling  that 
mutual  force  which  is  perceived  in  all  the  operations  of 
nature  that  we  have  inveftigated  with  fuccefs.  As  the 
magnet  attracts  iron,  and  in  fo  doing  is  faid  to  aa  on 
it ; fo  the  iron  attradls  the  magnet,  and  may  be  faid  to 
rea6l  on  it.  jj. 

With  refpeffr  to  the  difficulty  that  has  been  objeffed' We  need* 
to  the  opinion  of  thofe  who  maintain  that  all  the  me-  not  fuppofe 
chanical  phenomena  are  produced  by  the  agency  of  at- 
trading  or  repelling  forces  ; namely,  that  this  fuppofes  ^ 
the  bodies  to  ad  on  each  other  at  a diftance,  however 
fmall  thofe  diftances  may  be,,  which  is  thought  to  be 
abfurd,  we  may  obferve,  that  we  may  aferibe  the  mu- 
tual approaches  or  receffes  to  tendencies  to  or  from 
each  other.  What  we  call  the  attraBion  of  the  magnet 
may  be  confidered  as  a tendency  of  the  iron  to  the  mag- 
net, fomewhat  fimilar  to  the  gravitation  of  ^ ftone  to- 
ward the  earth.  We  furely  (at  lead  the  unlearned) 
can  and  do  conceive  the  Iron  to  be  affeded  by  the  mag- 
net, nuilhout  thinking  of  any  intermedium.  The  thing^ 
is  not  therefore  inconceivable ; which  is  all  that  we. 

know. 
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know  about  abfurdicy : and  we  do  not  know  any  thing 
aboiu  the  nature  or  effence  of  matter  which  renders  this 
tendency  to  the  magnet  impoffible.  That  we  do  not 
fee  intuitively  any  reafon  why  the  iron  (hould  approach 
the  magnet,  mud  be  granted  ; but  this  is  not  enough 
to  intitle  us  to  fay,  that  fuch  a thing  is  impoffible  or  in- 
conbdent  wnth  the  nature  of  matter.  It  appears,  there- 
fore, to  be  veryhady  and  unwarrantable,  to  fuppofethe 
impulfe  of  an  invifible  fluid,  of  which  we  know  nothing, 
and  of  the  exiftence  of  which  we  have  no  proof.  Nay, 
if  it  be  true  that  bodies  do  not  come  into  contadt,  even 
when  one  ball  hits  another,  and  drives  it  before  it,  this 
invilible  fluid  w'iil  not  folve  the  difficulty  ; becaufe  the 
fame  difficulty  occurs  in  the  action  of  any  particle  of 
the  fluid  on  the  body.  We  are  obliged  to  fay,  that  the 
prodinffion  of  motion  without  any  ohferved  contaft,  is  a 
much  more  familiar  phenomenon  than  the  production 
of  motion  by  impulfion.  More  motion  has  been  pro- 
duced in  this  way  by  the  gravitation  of  afmall  flream 
of  water,  running  ever  fince  the  creation,  than  by  all 
the  impulfes  in  the  world  twice  told.  We  do  not  mean 
by  this  to  fay,  that  the  giving  to  this  obferved  mutual 
relation  between  iron  and  a loadflone  the  name  ten- 
dency makes  it  lefs  abfurd,  than  when  we  fay  that  the 
load  (tone  attraCls  the  iron;  it  only  makes  it  more  con- 
ceivable : It  fuggefts  a very  familiar  analogy  ; but  both 
are  equally  figurative  expreffions ; at  leafl  as  the  word 
tendency  is  ufed  at  prefent.  In  the  language  of  ancient 
Rome,  there  was  no  metaphor  when  Virgil’s  hero  faid, 
Tendimus  in  Latium.  Tendere  •verfus  fulcm  means,  in 
plain  Latin  to  approach  the  fun.  The  fafe  way  of 
conceiving  the  whole  is  to  fay,  that  the  condition  of 

16  the  iron  depends  on  the  vicinity  of  the  magnet. 
Attraaion,  When  the  exertions  of  a miechanical  power  are  ob- 
Hep’jyion,  ferved  to  be  always  directed  toward  a body,  that  body 

are  figura- 

is  faid  to  attraCl,  But  when  the  other  body  always 
tive  term*.  fj-om  it,  it  is  faid  to  repel.  Thefe  alfo  are 

metaphorical  expreffions.  I attraCl  a boat  when  I 
pull  it  toward  me  by  a rope ; this  is  purely  Attrac- 
tion ; and  it  is  pure,  unfigurative  Repulsion,  when  I 
pufh  any  body  from  me.  The  fame  words  are  ap- 
plied to  the  mechanical  phenomena,  merely  becaufe 
they  refemble  the  refults  of  real  attraction  or  repul- 
fion.  We  muft  be  much  on  our  guard  to  avoid  meta- 
phor in  our  conceptions,  and  never  allow  thofe  words 
to  fuggeft  to  our  mind  any  opinion  about  the  manner 
in  which  the  mechanical  forces  produce  their  effeCts. 
It  is  plain,  that  if  the  opinion  of  thofe  who  maintain 
the  exiftetiee  and  aClion  of  the  above-mentioned  invifi- 
ble  fluid  be  juft,  there  is  nothing  like  attraction  or  re- 
pulfion  in  the  univerfe.  We  muft  always  recur  to  the 
fimple  phenomenon,  the  motion  to  or  from  the  attrac- 
ting or  repelling  body  ; for  this  is  all  we  fee,  and  ge- 

17  nerally  all  that  we  know. 

Forces  are  We  conceive  one  man  to  have  twice  the  ftrength  of 
conceived  another  man,  v/hen  we  fee  that  he  can  withftand  the 
awT^^an"  effort  of  two  others.  Thus  animal  force  is  con- 

ceived  as  a quantity,  made  up  of,  and  meafured  by,  its 
own  parts.  But  we  doubt  exceedingly,  whether  this 
be  an  accurate  conception.  We  have  not  a diftinCl  no- 
tion of  one  ftrain  added  to  another  ; though  we  have 
of  their  being  joined  or  combined.  We  want  words  to 
exprefs  the  difference  of  thefe  two  notions  in  our  own 
minds  ; but  we  imagine  that  others  perceive  the  fame 
difference.  We  conceive  clearly  the  addition  of  two 
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lines  or  of  two  minutes  ; we  can  conceive  them  apart, 
and  perceive  their  boundaries  common  to  both,  where 
one  ends  and  the  other  begins.  We  cannot  conceive 
thus  of  two  forces  combined  ; yet  we  cannot  fay,  that 
two  equal  forces  are  not  double  of  one  of  them.  We 
meafure  them  by  the  effeffs  which  they  are  known  to 
produce.  Yet  there  are  not  wanting  many  cafes  where 
the  affion  of  two  men,  equally  ftrong,  does  not  produce 
a double  motion. 

In  like  manner,  we  conceive  all  mechanical  forces  as  How  mi 
meafurable  by  their  effedts ; and  thus  they  are  made  Lted. 
the  fubjefts  of  mathematical  difcuffion.  We  talk  of 
the  proportions  of  gravity,  magnetifm,  eleflricity,  &c. ; 
nay,  we  talk  of  the  proportion  of  gravity  to  magne- 
tifm  : Yet  thefe  confidered  in  themfelves,  are  difpa- 
rate,  and  do  not  admit  of  any  proportion  ; but  they 
produce  effects,  fome  of  which  are  meafurable,  and 
whofe  affumed  meafures  are  fufceptible  of  comparifon, 
being  quantities  of  the  fame  kind.  Thus,  one  of  the 
effeds  of  gravity  is  the  acceleration  of  motion  in  a fall- 
ing body  ; magnetifm  will  alfo  accelerate  the  motion 
of  a piece  of  iron  ; thefe  two  accelerations  are  compara- 
ble. But  we  cannot  compare  magnetifm  with  heat ; 
becaufe  we  do  not  know  any  meafurable  effeds  of  mag- 
netifm that  are  of  the  fame  kind  with  any  effeds  of 
heat. 

When  we  fay,  that  the  gravitation  of  the  moon  is  the  By  thei» 
3600th  part  of  the  gravitation  at  the  fea  ftiore,  we  cffcifti. 
mean  that  the  fall  of  a ftone  in  a fecond  is  3600  times 
greater  than  the  fall  of  the  moon  in  the  fame  time. 

But  we  alfo  mean  (and  this  expreffes  the  proportion  of 
the  tendency  of  gravitation  more  purely),  that  if  a ftone, 
when  hung  on  a fpring  fteelyard,  draw  out  the  rod  of 
the  fteelyard  to  the  mark  3600,  the  fame  ftone,  taken 
up  to  the  diftance  of  the  moon,  will  draw  it  out  no 
further  than  the  mark  i . We  alfo  mean,  that  if  the 
ftone  at  the  fea  ftiore  draw  out  the  rod  to  any  mark, 
it  will  require  3600  fuch  ftones  to  draw  it  out  to  that 
mark,  when  the  trial  is  made  at  the  diftance  of  the  moon. 

It  is  not,  therefore,  in  confequence  of  any  immediate 
perception  of  the  proportion  of  the  gravitation  at  the 
moon  to  that  at  the  furface  of  the  earth  that  we  make 
fuch  an  affertion ; but  thefe  motions,  v/hich  we  confi- 
der  as  its  effeds  in  thefe  fituations  being  magnitudes  of 
the  fame  kind,  are  fufceptible  of  comparifon,  and  have 
a proportion  which  can  be  afcertained  by  obferv^tion. 

It  is  thefe  proportions  that  we  contemplate  ; although 
we  fpeak  of  the  proportions  of  the  unfeen  caufes,  the 
forces  or  endeavours  to  defcend.  It  will  be  of  mate- 
rial fervice  to  the  reader  to  perufe  the  judicious  and 
acute  differtation  on  quantity  in  the  45th  volume  of  the 
Philofophical  Tranfadions ; or  he  may  ftudy  the  article 
Quantity  in  the  Encyclopcedia,  where,  we  truft,  he 
will  fee  clearly  how  force,  velocity,  denficy,  and  many 
other  magnitudes  of  very  frequent  occurrence  in  me- 
chanical philofophy,  may  be  made  the  fubjeds  of  ma- 
thematical difcuffion,  by  means  of  fome  of  thofe  proper 
quantities,  meafurable  by  their  own  parts,  which  are  to 
be  affumed  as  their  meafures.  Preffures  are  meafur- 
able only  by  preffures.  When  we  confider  them  as  mo- 
ving powers,  we  Ihould  be  able  to  meafure  them  any 
moving  powers,  otherwife  we  cannot  compare  them ; 
therefore  it  is  not  as  preffures  that  we  then  meafure 
them.  This  obfervation  is  momentous. 

One  circumftancc  muft  be  carefully  attended  to. 

That 
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Firft  Law  eontlmilng  t«  exltl.  Bot  it  is  far  otherwife,  fay  they, 
of  Motion,  ^|,}^  refpedt  to  matter  in  motion.  Here  the  body  is 
continually  changing  its  relations  to  other  things  ; there- 
fore the  continual  agency  of  a changing  caufe  is  necef- 
fary  (by  the  fundamental  principle  of  all  philofophical 
difeufllon),  for  there  is  here  the  continual  produ(5tion 
of  an  effeifl.  They  fay  that  this  metaphyfical  argu- 
ment receives  complete  confirmation  (if  confirmation 
of  an  intuitive  truth  be  necelTary ) from  the  moft  fami- 
liar obfervation.  We  fee  that  all  motions,  however 
violent,  terminte  in  reft,  and  that  the  continual  exer- 
aj  lion  of  fome  force  is  neceflary  for  their  continuance. 
Whimfical  Thefe  philofophers  therefore  aflert,  that  the  conti- 
ijotion  of  nual  adtion  of  the  moving  caufe  is  ejfentially  ncceftary 
for  the  continuance  of  the  motion  : but  they  differ 
among  themfelves  in  their  notions  and  opinions  about 
this  caufe.  Some  maintain,  that  all  the  motions  in  the 
univerfe  are  produced  and  continued  by  the  immediate 
agency  of  Deity  ; others  affirm,  that  in  every  particle 
of  matter  there  is  inherent  a fort  of  mind,  the 
and  o<T7r!f4i'x*  of  Ariftotle,  which  they  call  an  Ele- 
mental Mino,  which  is  the  caufe  of  all  motions 
and  changes.  An  overweaning  reverence  for  Greek 
learning  has  had  a great  influence  in  reviving  this  doc- 
trine of  Ariftotle.  The  Greek  and  Roman  languages 
are  affirmed  to  be  more  accurate  expreffions  of  human 
thought  than  the  modern  languages  are.  In  thofe  an- 
cient languages,  the  verbs  which  exprefs  motion  are 
employed  both  in  the  adlive  and  paffive  voice  ; whereas 
we  have  only  the  adlive  verb  to  movt,  for  expreffing  both 
the  ftate  of  motion  and  the  adt  of  putting  in  mo- 
tion. “ The  ftone  moves  down  the  Hope,  and  moves 
all  the  pebbles  which  lie  in  its  way but  in  the  an- 
cient languages,  the  mere  ftate  of  motion  is  always  ex- 
prefted  by  the  paffive  or  middle  voice.  The  accurate 
conception  of  the  fpeakers  is  therefore  extolled.  The 
ftate  of  motion  is  exprefied  as  it  ought  to  be,  as  the 
refult  of  a continual  adlion.’*  Kivurai,  movetur,  is  equi- 
valent to  “ it  is  moved.”  According  to  thefe  philo- 
fophers, every  thing  which  moves  is  mind,  and  every 
thing  that  ;/  moved  is  body. 

The  argument  is  futile,  and  it  is  falfe  ; for  the  modern 
languages  are,  in  general,  equally  accurate  in  this  in- 
ftance  : “ fe  mouvoir,"  in  French  ; '•'•Jich  benuegen,’*  in 
German;  dvigatfud'  in  Slavonic;  are  all  paffive  or 
refledted.  And  the  ancients  faid,  that  “rain  falls,  wa- 
ter runs,  fmnke  rifes,”  juft  as  we  do.  The  ingenious 
author  of  Ancient  Metaphyfics  has  taken  much  pains  to 
give  us,  at  length,  the  procedures  of  thofe  elementary 
minds  in  producing  the  oftenfible  phenomena  of  local 
motion ; but  it  feems  to  be  merely  an  abufe  of  lan- 
guage, and  a very  frivolous  abufe.  This  elemental 
mind  is  known  and  charadlerifed  only  by  the  effedl 
which  we  afcribe  to  Its  adtion  ; that  is,  by  the  motions 
or  changes  of  motions.  Uniform  and  unexcepted  ex- 
perience fhews  us  that  thefe  are  regulated  by  laws  as 
precife  as  thofe  of  mathematical  truth.  We  confider 
nothing  as  more  fixed  and  determined  than  the  com- 
mon laws  of  mechanifm.  There  is  nothing  here  that 
indicates  any  thing  like  fpontaneity,  intention,  pur- 
pofe  ; none  of  thofe  marks  by  which  mind  was  firft 
brought  Into  view  ; but  they  are  very  like  the  effedls 
which  we  produce  by  the  exertions  of  our  corporeal 
forces,  and  we  have  accordingly  given  the  name  of force 
to  the  caufes  of  motion.  It  is  furely  much  more  ap- 


pofite  than  the  name  mind,  arid  conveys  with  much  Firft  L 
more  readinefs  and  perfpicuity  the  very  notions  that  we  '’I  Mot 
wifh  to  convey. 

We  now  wilh  to  know  what  reafon  we  have  to  think  Adtion 
that  the  continual  adlion  of  fome  caufe  is  neceflary  for  neceflar 
continuing  matter  In  motion,  or  for  thinking  that  reft 
is  its  natural  ftate  ; If  we  pretend  to  draw  any  argu- 
ment  from  the  nature  ot  matter,  that  matter  muft  be  tnotiou 
known,  as  far  as  Is  neceflary,  for  being  the  foundation 
of  argument.  Its  very  exiftence  is  known  only  from 
obfervation  ; all  our  knowledge  of  it  muft  therefore  be 
derived  from  the  fame  fource. 

If  we  take  this  way  to  come  at  the  origin  of  this 
opinion,  we  ftiall  find  that  experience  gives  us  no  au- 
thority for  faying  that  reft  is  the  natural  condition  of 
matter.  We  cannot  fay  that  we  have  ever  feen  a body 
at  reft  ; this  is  evident  to  every  perfon  who  allows  the 
validity  of  the  Newtonian  philofophy,  and  the  truth  of 
the  Copernican  fyftem  of  the  fun  and  planets;  all  the 
parts  of  this  fyftem  are  in  motion.  Nay,  it  appears 
from  many  obfervations,  that  the  fun,  with  his  attend- 
ing planets,  is  carried  in  a certain  diredion,  with  a ve- 
locity which  is  very  great.  We  have  no  unqueftionable 
authority  for  faying  that  any  one  of  the  ftars  is  abfo- 
lutely  fixed.  But  we  are  certain  that  many  of  them  are 
in  motion.  Reft  is  therefore  fo  rare  a condition  of  bo- 
dy, that  we  cannot  fay,  from  any  experience,  that  it  is- 
its  natural  ftate. 

It  is  eafy,  however,  to  fee,  that  it  is  from  obferva- 
tion  that  this  opinion  has  been  derived ; but  the  obfer-  . 
vation  has  been  limited  and  carelefs.  Our  experiments 
in  this  fublunary  world  do  indeed  always  require  conti- 
nued action  of  fome  moving  force  to  continue  the  mo- 
tion ; and  if  this  be  not  employed,  we  fee  the  motions 
flacken  every  minute,  and  terminate  in  reft  after  no 
long  period.  Our  firft  notions  of  fublunary  bodies  are 
indicated  by  their  operation  in  cafes  where  we  have  fome 
intereft.  Perpetually  feeing  our  own  exertions  neceflary, 
we  are  led  to  confider  matter  as  fomething  not  only 
naturally  quiefcent  and  ioert,  but  fluggifh,  averfe  from 
motion,  and  prone  to  reft  (we  muft  be  pardoned  this 
metaphorical  language,  becaufe  we  can  find  no  other 
term).  What  is  exprefied  by  it,  on  this  occafion,  is 
precifely  one  of  the  erroneous  or  inadequate  concep- 
tions that  are  fuggefted  to  our  thoughts  by  reafon  of 
the  poverty  of  language.  We  animate  matter  in  or- 
der to  give  it  motion,  and  then  we  endow  it  with  a fort 
of  moral  charader  in  order  to  explain  the  appearance 
of  thofe  motions. 

But  more  extended  obfervation  has  made  men  gra- 
dually  defert  their  firft  opinions,  and  at  laft  allow  that 
matter  has  no  peculiar  aptitude  to  reft.  All  the  retar- 
dations that  we  obferve  have  been  difcovered,  one  after 
another,  to  have  a diftindl  reference  to  fome  external 
circumftances.  The  diminution  of  motion  is  always 
obferved  to  be  accompanied  by  the  removal  of  obfta- 
cles,  as  when  a ball  moves  through  fand,  or  water,  or 
air  ; or  it  is  owing  to  oppofite  motions  which  are  de- 
ftroyed;  or  it  is  owing  to  roughnefs  of  the  path,  or  to 
fridion,  &c.  We  find  that  the  more  we  can  keep 
thofe  things  out  of  the  way,  the  lefs  are  the  motions 
diminiftied.  A pendulum  will  vibrate  but  a ftiort  while 
in  water;  much  longer  in  air  ; and  in  the  exhaufted  re- 
ceiver it  will  vibrate  a whole  day.  We  know  that  we 
cannot  remove  all  obftacles  j but  we  are  led  by  fuch  ob- 
fervations 
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fervatlons  to  conclude  that,  if  they  could  be  completely 
removed,  our  motions  would  continue  forever.  And 
this  conclufion  is  almoft  demonftrated  by  the  motions 
of  the  heavenly  bodies,  to  which  v/e  know  of  no  ob- 
ftacles,  and  which  we  really  obferve  to  retain  their  mo- 
tions for  many  thoufand  years  without  the  fmalleft  fen- 
fible  diminution. 

Another  fet  of  philofophers  maintain  an  opinion  di- 
redtly  oppofite  to  that  of  the  inadivity  of  matter,  and 
ajfert,  that  it  is  eifentially  aftive,  and  continually  chan- 
ging its  date.  Faint  traces  of  this  are  to  be  found  in 
the  writings  of  Plato,  Ariftotle,  and  their  commenta- 
tors. Mr  Leibnitz  is  the  perfon  who  has  treated  this 
queftion  moft  fyftematically  and  fully.  He  fuppofes 
every  particle  of  matter  to  have  a principle  of  indivi. 
duality,  which  he  therefore  calls  a Monad.  This  mo- 
nad has  a fort  of  perception  of  its  fituation  in  the  univerfe, 
and  of  its  relation  to  every  other  part  of  this  univerfe. 
Laftly,  he  fays  that  the  monad  adts  on  the  material 
particle,  much  in  the  fame  way  that  the  foul  of  man 
adls  on  his  body.  It  modifies  the  motion  of  the  ma- 
terial atom  (in  conformity,  however,  to  unalterable 
laws),  producing  all  thofe  modifications  of  motion  that 
we  obferve.  Matter,  therefore,  or,  at  lead,  particles  of 
matter,  are  continually  active,  and  continually  changing 
their  fituation. 

It  is  quite  unneceffary  to  enter  on  a formal  confuta- 
tion of  Mr  Leibnitz’s  fydem  of  monads,  which  differs 
very  little  from  the  fydem  of  elemental  minds,  and  is 
equally  whimfical  and  frivolous  ; becaufe  it  only  makes 
the  unlearned  reader  dare,  without  giving  him  any  in- 
formation. Should  it  even  be  granted,  it  would  not, 
any  more  than  the  adfion  of  animals,  invalidate  the  ge- 
neral propofition  which  we  are  endeavouring  to  eda- 
blidi  as  the  fundamental  law  of  motion.  Thofe  powers 
of  the  monads  or  of  the  elemental  minds,  are  the 
caufes  of  all  the  changes  of  motion  ; but  the  mere  ma- 
terial particle  is  fubjedt  to  the  law,  and  requires  the 
exertion  of  the  monad  in  order  to  exhibit  a change  of 
motion. 

A third  feci  of  philofophers,  at  the  head  of  which 
we  may  place  Sir  Ifaac  Newton,  maintain  the  dodtrine 
enounced  in  the  propofition.  But  they  differ  much  in 
refpedt  of  the  foundation  on  which  it  is  built. 

Some  affert  that  its  truth  flows  from  the  nature  of 
the  thing.  If  a body  be  at  red,  and  you  affert  that  it 
will  not  remain  at  red,  it  mud  move  in  fome  one  direc- 
tion. If  it  be  in  motion  in  any  direction,  and  with  any 
velocity,  and  do  not  continue  its  equable  redlilineal, 
motion,  it  mud  either  be  accelerated  or  retarded  ; it 
mud  turn  either  to  one  fide  or  to  fome  other  fide.  The 
event,  whatever  it  be,  is  individual  and  determinate  ; 
but  no  caufe  which  can  determine  it  is  fuppofed  : there- 
fore the  determination  cannot  take  place,  and  no  change 
will  happen  in  the  condition  of  the  body  with  refpedl 
to  mo  don.  It  will  continue  at  red,  or  perfevere  in  its 
redlilineal  and  equable  motion. 

But  confiderable  objections  may  be  made  to  this  ar- 
gument of  fufficlent  reafon,  as  it  is  called.  In  the  im- 
menfity  and  perfedl  uniformity  of  fpace  and  time,  there 
is  no  determining  caufe  why  the  vifible  univerfe  fliould 
exid  in  the  place  in  which  we  fee  it  rather  than  in  an- 
other, or  at  this  time  rather  than  at  another.  Nay,  the 
argument  feems  to  beg  the  quedion.  A caufe  of  de- 
termination is  required  as  efientially  necefl'ary — a deter- 
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minaiion  may  be  without  a caufe,  as  well  as  a motion  fJrft  Law 
without  a caufe.  of  Moti»n. 

Other  philofophers,  who  maintain  this  dodlrlne,  con- 
fider  it  merely  as  an  experimental  truth  ; and  proofs  of  Others  dc- 
its  univerfality  are  innumerable.  *we  it 

When  a done  is  thrown  from  the  hand,  we  prefs  it 
forward  while  in  the  hand,  and  let  it  go  when  the  hand 
has  acquired  the  greated  rapidity  of  motion  that  we 
can  give  it.  The  done  continues  in  that  date  of  mo- 
tion which  it  acquired  gradually  along  with  the  hand. 

We  can  throw  a done  much  farther  by  means  of  a fling  ; 
becaufe,  by  a very  moderate  motion  of  the  hand,  w'e 
can  whirl  the  done  round  till  it  acquire  a very  great 
velocity,  and  then  we  let  go  one  of  the  drings,  and  the 
done  efcapes,  by  continuing  its  rapid  motion.  We  fee 
it  dill  more  didinflly  in  Ihooting  an  arrow  from  a bow. 

The  dring  prefles  hard  on  the  notch  of  the  arrow,  and 
it  ydelds  to  this  preffure  and  goes  forward.  The  dring 
alone  would  go  fader  forward.  It  therefore  conthiues 
to  prefs  the  arrow  forward,  and  accelerates  its  motion. 

This  goes  on  till  the  bow  is  as  much  unbent  as  the 
dring  will  allow.  But  the  dring  is  now  a draight  line. 

It  came  into  this  pofition  with  an  accelerated  motion, 
and  it  therefore  goes  a hide  beyond  this  pofition,  but 
with  a retarded  motion,  being  checked  by  the  bow. 

But  there  is  nothing  to  check  the  arrow  ; therefore  the 
arrow  quits  the  dring,  and  flies  away. 

Thefe  are  Ample  cafes  of  perfevcrance  in  a date  of 
motion,  where  the  procedure  of  nature  is  fo  eafily  tra- 
ced that  we  perceive  it  aimed  intuitively.  It  is  no  lefs 
clear  in  other  phenomena  which  are  more  complicated  ; 
but  it  requires  a little  refledlion  to  trace  the  procefs. 

We  have  often  feen  an  equedrian  fliowman  ride  a 
horfe  at  a gallop,  danding  on  the  faddle,  and  depping 
from  it  to  the  back  of  another  horfe  that  gallops  along- 
fide  at  the  fame  rate  ; and  he  does  this  feemingly  with 
as  much  eafe  as  if  the  horfes  were  danding  dill.  The 
man  has  the  fame  velocity  with  the  horfe  that  gallops 
under  him,  and  keeps  this  velocity  while  he  deps  to  the 
back  of  the  other.  If  that  other  were  danding  dill, 
the  man  would  fly  over  his  head.  And  if  a man  fliould 
dep  from  the  back  of  a horfe  that  is  danding  dill  to  the 
back  of  another  that  gallops  pad  him,  he  would  be  left 
behind.  In  the  fame'  manner,  a flack  wire  dancer  tofles 
oranges  from  hand  to  hand  while  the  wire  is  in  full 
fwing.  The  orange,  fwinging  along  with  the  hand,  re- 
tains the  velocity  ; and  when  in  the  air  follows  the 
hand,  and  falls  into  it  when  it  is  in  the  oppofite  extre- 
mity of  its  fwing.  A ball,  dropped  from  the  mad-head 
of  a fhip  that  is  failing  brifkly  forward,  falls  at  the  foot 
of  the  mad.  It  retains  the  motion  which  it  had  while 
in  the  hand  of  the  perfon  W’ho  dropped  it,  and  follows 
the  mad  during  the  whole  of  its  fall. 

We  alfo  have  familiar  indances  of  the  perfeverance 
of  a body  in  a date  of  red.  Wlien  a veflel  filled  with 
water  is  drawn  fuddenly  along  the  floor,  the  water  dafli- 
es  over  the  poderior  fide  of  the  veffel.  It  is  left  be-  ' 

hind.  In  the  fame  manner,  when  a coach  or  boat  is 
dragged  forward,  the  perfons  in  it  find  themfelves  drike 
againd  the  hinder  part  of  the  carriage  or  boat.  Pro-  ' 

perly  fpeaking,  it  is  the  carriage  that  drikes  on  them. 

In  like  manner,  if  we  lay  a card  on  the  tip  of  the  fin- 
ger, and  a piece  of  money  on  the  card,  we  may  nick- 
away  the  card  by  hitting  it  neatly  on  its  edge  ; but 
the  piece  of  money  will  be  left  behind,  lying  on  the  tip 
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of  the  finger.  A ball  will  go  through  a wall  and  fly 
onward  ; but  the  wall  is  left  behind.  Buildings  are 
thrown  down  by  earthquakes  ; fometimes  by  being  tof- 
fed  from  their  foundations,  but  more  generally  by  the 
ground  on  which  they  fland  being  haftily  drawn  fide- 
wife  from  under  them,  &c. 

But  common  experience  feems  infufficient  for  efta- 
bliftiing  this  fundamental  propofition  of  mechanical  phi- 
lofophy.  We  muft,  on  the  faith  of  the  Copernican  fy- 
ftem,  grant  that  we  never  faw  a body  at  reft,  or  in  uni- 
form redtilineal  motion  ; yet  this  feems  abfolutely  ne- 
ceifary  before  we  can  fay  that  we  have  eftabliflied  this 
propofition  experimentally. 

What  we  imagine,  in  our  experiments,  to  be  putting 
a body,  formerly  at  reft,  into  motion,  is,  in  fadt,  only 
changing  a moft  rapid  motion,  not  lefs,  and  probably 
much  greater,  than  90,000  feet  per  fecond.  Suppofe 
a cannon  pointed  eaft,  and  the  bullet  difeharged  at  noon 
day  with  60  times  greater  velocity  than  we  have  ever 
been  able  to  give  it.  It  would  appear  to  fet  out  with 
this  unmeafurable  velocity  to  the  eaftward ; to  be  gra- 
dually retarded  by  the  refiftance  of  the  air,  and  at  laft 
brought  to  reft  by  hitting  the  ground.  But,  by  reafon 
of  the  earth’s  motion  round  the  fun,  the  fadt  is  quite 
the  reverfa.  Immediately  before  the  difeharge,  the  ball 
was  moving  to  the  weftward  with  the  velocity  of  90,000 
feet  per  fecond  nearly.  By  the  explofion  of  the  pow- 
der, and  its  prelfure  on  the  ball,  fome  of  this  motion  is 
deftroyed,  and  at  the  muzzle  of  the  gun,  the  ball  is 
moving  flower,  and  the  cannon  is  hurried  away  from  it 
to  the  weftward.  The  air,  which  is  alfo  moving  to  the 
weftward  90,000  feet  in  a fecond,  gradually  communi- 
cates motion  to  the  ball,  in  the  fame  manner  as  a hur- 
ricane would  do.  At  laft  (the  ball  dropping  all  the 
while)  fome  part  of  the  ground  hits  the  ball,  and  car- 
ries it  along  with  it. 

Other  oWervations  muft  therefore  be  reforted  to,  in 
order  to  obtain  an  experimental  proof  of  this  propofi- 
tion.  And  fuch  are  to  be  found.  Although  we  cannot 
meafure  the  abfolute  motions  of  bodies,  we  can  obferve 
and  meafure  accurately  their  relative  motions,  which 
are  the  differences  of  their  abfolute  motions.  Now,  if 
we  can  fhew  experimentally,  that  bodies  fhew  equal  ten- 
dencies to  refift  the  augmentation  and  the  diminution  of 
their  relative  motions,  they,  ipfo  faiio,  fhew  equal  ten- 
dencies to  refift  the  augmentation  or  diminution  of  their 
abfolute  motions.  Therefore  let  two  bodies,  A and  B, 
be  put  into  fuch  a fituation,  that  they  cannot  (by  rea- 
fon of  their  impenetrability,  or  the  aflions  of  their  mu- 
tual powers)  perfevere  in  their  relative  motions.  The 
change  produced  on  A is  the  effedt  and  the  meafure  of 
B’s  tendency  to  perfevere  in  its  former  ftate  ; and  there- 
fore the  proportion  of  thefe  changes  will  fhew  the  pro- 
portion  of  their  tendencies  to  maintain  their  former 
ftates.  Therefore  let  the  following  experiment  be  made 
at  noon. 

Let  A,  apparently  moving  weftward  three  feet  per 
fecond,  hit  the  equal  body  B apparently  at  reft.  Sup- 
pofe, \Ji,  That  A impels  B forward,  without  any 
diminution  of  its  own  velocity.  This  refult  would 
fhew  that  B manifefts  no  tendency  to  maintain  its  mo- 
tion unchanged,  but  that  A retains  its  motion  undimi- 
nifhed. 

2dlyt  Suppofe  that  A ftops,  and  that  B remains  at 
reft.  This  would  Ihew  Uiat  A does  not  reftft  a diminu- 


M I C S. 

tion  of  motion,  but  that  B retain*  Its  motion  unaug-  Flrft  La\t 
men  ted.  of  Motion. 

^dly,  Suppofe  that  both  move  weftward  with  the  ve- 
locity  of  one  foot  per  fecond.  The  change  on  A is  a 
diminution  of  velocity,  amounting  to  two  feet  per  fe- 
cond.  This  is  the  effedl  and  the  meafure  of  B’s  ten- 
dency to  maintain  its  velocity  unaugmented.  The 
change  on  B is  an  augmentation  of  one  foot  per  fecond 
made  on  its  velocity  ; and  this  is  the  meafure  of  A’s  ten- 
dency to  maintain  its  velocity  undiminilhed.  This  ten- 
dency is  but  half  of  the  former ; and  this  refult  would 
fhew,  that  the  refiftance  to  a diminution  of  velocity  is 
but  half  of  the  refiftance  to  augmentation.  It  is  per- 
haps but  one  quarter;  for  the  change  on  B has  produ- 
ced a double  change  on  A. 

^thly,  Suppofe  that  both  move  weftward  at  the  rate 
of  feet  per  fecond.  It  is  evident  that  their  tenden- 
cies to  maintain  their  ftates  unchanged  are  now  equal. 

5/Zi/y,  Suppofe  A = 2 B,  and  that  both  move,  after 
the  colli fion,  two  feet  per  fecond,  B has  received  an 
addition  of  two  feet  per  fecond  to  its  former  velocity. 

This  is  the  efFedl  and  the  meafure  of  A’s  whole  ten- 
dency to  retain  its  motion  undiminiftied.  Half  of  this 
change  on  B meafures  the  perfevering  tendency  of  the 
half  of  A ; but  A,  which  formerly  moved  with  the  ap- 
parent or  relative  velocity  three,  now  moves  (by  the 
fuppofition)  with  the  velocity  two,  having  loft  a velo- 
city of  one  foot  per  fecond.  Each  half  of  A therefore 
has  loft  this  velocity,  and  the  whole  lofs  of  motion  it 
two.  Now  this  is  the  meafure  of  B’s  tendency  to 
maintain  its  former  ftate  unaugmented  ; and  this  is  the 
fame  with  the  meafure  of  A’s  tendency  to  maintain  its 
own  former  ftate  undiminiftied.  The  conclufion  from 
fuch  a refult  would  therefore  be,  that  bodies  have  equal 
tendencies  to  maintain  their  former  ftates  of  motion 
without  augmentation  and  without  diminution. 

What  is  fuppofed  in  the  \th  and  $th  cafes  is  really 
the  refult  of  all  the  experiments  which  have  been  tried  j 
and  this  law  regulates  all  the  changes  of  motion  which 
are  produced  by  the  mutual  aflions  of  bodies  in  impul- 
fions.  This  aflertion  is  true  without  exception  or  qua- 
lification. Therefore  it  appears  that  bodies  have  no 
preferable  tendency  to  reft,  and  that  no  faft  can  be  ad- 
duced which  fhould  make  us  fuppofe  that  a motion  once 
begun  fliould  fuffer  any  diminution  without  the  aiftion 
of  a changing  caufe. 

But  we  muft  now  obferve,  that  this  way  of  eftablifli-  But  expe- 
ing  the  firft  law  of  motion  is  very  imperfeft,  and  alto-  ricnce  i» 
gelher  unfit  for  rendering  it  the  fundamental  principle  uotthepro-r 
of  a whole  and  extenfive  fcience.  It  is  fubjedt  to  all 
the  inaccuracy  that  is  to  be  round  in  our  belt  experi- 
ments ; and  it  cannat  be  applied  to  cafes  where  feru- 
pulous  accuracy  is  wanted,  and  where  no  experiment 
can  be  made. 

Let  us  therefore  examine  the  propofition  by  means 
of  the  general  principles  adopted  in  the  article  Philo- 
sophy, Encycl.  which  contain  the  foundation  of  all 
our  knowledge  of  adlive  nature.  Thefe  principles  will, 
we  imagine,  give  a decifion  of  this  queftion  that  is  fpee- 
dy  and  accurate  ; fliewing  the  propofition  to  be  an  axi- 
om or  intuitive  confequence  of  the  relations  of  thofe 
ideas  which  we  have  of  motion,  and  of  the  caufes  of  its 
produdtion  and  changes. 

It  has  been  fully  demonftrated  that  the  power-s  or  Logical 
forces,  of  which  we  fpeak  fo  much,  are  never  the  imme-  proof, 

diate 
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Kfft  Law  diate  objedls  of  oar  perception.  Their  very  exiftence, 
of  Motion,  tlieir  kind,  and  their  degree,  are  inftinftive  inferences 
from  the  motions  which  we  obferve  and  clafs.  It  evi- 
dently follows  from  this  experimental  and  univerfal 
truth,  ifi,  That  where  no  change  of  motion  is  obferv- 
ed,  no  fuch  inference  is  made ; that  is,  no  power  is 
Jltppofed  to  a£l.  But  whenever  any  change  of  motion 
is  obferved,  the  inference  is  made ; that  is,  a power  or 
force  is  fuppofed  to  have  adted. 

la  the  fame  form  of  logical  conclnfion,  we  muft  fay 
that,  idly.  When  no  change  of  motion  is  fuppofed  or 
thought  of,  no  force  is  fuppofed',  and  that  whenever  we 
fupp^e  a change  of  motion,  we,  in  fadt,  though  not  in 
terms,  fuppofe  a changing  force.  And,  on  the  other 
hamd,  w'henever  we  fuppofe  the  adtion  of  a changing 
force,  we  fuppofe  the  change  of  motion  ; for  the  aftion 
of  this  force,  and  the  change  of  motion,  is  one  and  the 
fame  thing.  We  cannot  think  of  the  adlion  without 
thinking  of  the  indication  of  that  adtion ; that  is,  the 
change  of  motion. — In  the  fame  manner,  when  we  do 
not  think  of  a changing  force,  or  fuppofe  that  there  is 
BO  adlion  of  a changing  force,  we,  in  fadl,  though  not 
in  terms,  fuppofe  that  there  is  no  Indication  of  this 
changing  force ; that  is,  that  there  is  no  change. 

It  is  a law  Whenever,  therefore,  we  fuppofe  that  no  mechanical 
of  human  force  is  adting  on  a body,  we,  in  fadt,  fuppofe  that  the 
thought,  body  continues  in  its  former  condition  with  refpedt  to 
motion.  If  we  fuppofe  that  nothing  accelerates,  or  re- 
tards, or  defledts  the  motion,  we  fuppofe  that  it  Is  not 
accelerated,  nor  retarded,  nor  defledted.  Hence  fol- 
lows the  propofition  in  exprefs  terms — We  fuppofe  that 
the  body  continues  in  its  former  fate  of  ref  or  motion,  un-‘ 
lefs  we  fuppofe  that  it  is  changed  by  fame  mechanical 
force. 

Thus  it  appears,  that  this  propofition  Is  not  a matter 
of  experience  or  contingency,  depending  on  the  proper- 
ties which  it  has  pleafed  the  Author  of  Nature  to  be- 
llow on  body : it  is,  to  us,  a neceffary  truth.  The 
propofition  does  not  fo  much  exprefs  any  thing  with  re- 
gard to  body,  as  it  does  the  operations  of  our  mind 
when  contemplating  body.  It  may  perhaps  be  eflential 
to  body  to  move  in  fome  particular  diredlion.  It  may 
be  eflential  to  body  to  flop  as  foon  as  the  moving  caufe 
has  ceafed  to  adl ; or  it  may  be  eflential  to  body  to  di- 
minlfli  its  motion  gradually,  and  finally  come  to  reft. 
But  this  will  not  invalidate  the  truth  of  this  propofi- 
tion. Thefe  circumftances  in  the  nature  of  body, 
which  render  thofe  modifications  of  motion  effentially 
. neeelfary,  are  the  caufes  of  thofe  modifications ; and, 
in  our  ftudy  of  nature,  they  will  be  confidered  by  us  as 
changing  forces,  and  will  be  known  and  called  by  that 
name.  And  if  we  ftiould  ever  fee  a particle  of  nsatter 
in  fuch  a fituation  that  it  is  affeded  by  thofe  eflential 
properties  alone,  we  (hall,  from  obfervatlon  of  its  mo- 
tion, difcover  what  thofe  elTential  properties  are. 
Andalmoft  This  law  turns  out  at  laft  to  be  little  more  than  a 
«n identical  tautological  propofition;  But  mechanical  philofophy, 
propofition.  as  have  defined  it,  requires  no  other  fenfe  of  it  ; 

for,  even  if  we  Ihould  fuppofe  that  body,  of  its  own 
nature,  is  capable  of  changing  its  ftate,  this  change 
muft  be  performed  according  to  fome  law  which  charac- 
terifes  the  nature' of  body  ; and  the  knowledge  of  the 
law  can  be  had  in  no  other  way  than  by  obferving  the 
deviations  from  uniform  re(5tilineal  motion.  It  is  there- 
fore indiflfcrent  whether  thofe  changes  are  derived  from 
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the  nature  of  the  thing,  or  from  external  caufe* ; for  Krft  Law 
in  order  to  confider  the  various  motions  of  bodies,  we  Motion, 
muft  firft  confider  this  nature  of  matter  as  a mechanical 
affedtion  of  matter,  operating  iu  every  inftance ; and 
thus  we  are  brought  back  to  the  law  enounced  In  this 
propofition.  This  becomes  more  certain  when  we  re- 
fledl  that  the  external  caufes  (fuch  as  gravity  or  mag- 
netifm,)  which  are  acknowledged  to  operate  changes  of 
motion,  are  equally  unknovrn  to  us  with  this  eflential 
original  property  of  matter,  and  are,  like  it,  nothing 
but  inferences  from  the  phenomena. 

Ths  above  very  diffufe  difeuffions  may  appear  fuper- 
fluous  to  many  readers,  and  even  cumberfome ; but  wc 
truft  that  the  philofophical  reader  will  excufe  our  anxie- 
ty cn  this  head,  when  he  refledts  on  the  complicated, 
indiftindl,  and  inaccurate  notions  commonly  had  of  the 
fubjedl ; and  more  efpecially  when  he  obferves,  that  of 
thofe  who  maintain  the  truth  of  this  fundamental  pro- 
pofition, as  we  have  enounced  it,  many  (and  they  too 
of  the  firft  eminence),  rejedl  it  In  fadl,  by  combining  it 
with  other  opinions  which  are  iuconfiftent  with  it,  nay, 
which  contradidl  It  in  exprels  terms.  We  may  even 
include  Sir  Ifaac  Newton  in  the  number  of  thofe  who 
have  at  leaft  introduced  modes  of  expreffion  which  mif- 
leadthe  minds  of  incautious  perfons,  and  fuggeft  inade- 
quate notions,  incompatible  with  the  pure  dodtrine  of 
the  propofition.  Although,  in  words,  they  difclalm 
the  dodtrine  that  reft  is  the  natural  ftate  of  body,  and 
that  force  is  neceflary  for  the  continuation  of  its  motion, 
yet  In  w’ords  they  (and  moft  of  them  in  thought)  like- 
wife  abet  that  dodtrine  : for  they  fay,  that  there  refides 
in  a moving  body  a power  or  force,  by  which  it  perfe- 
veres  in  Its  motion.  They  call  it  the  vis  insita,  the 
INHERENT  FORCE  OF  A MOVING  BODY.  This  is  furely 
giving  up  the  queftion  : for  if  the  motion  is  fuppofed 
to  be  continued  in  confequence  of  a force,  that  force  is 
fuppofed  to  be  exerted;  and  it  is  fuppofed,  that  if  it 
were  not  exerted,  the  motion  would  ceafe  ; and  there- 
fore the  propofition  muft  be  falfe.  Indeed  It  is  fome- 
times  exprefled  fo  as  feemingly  to  ward  off  this  objec- 
tion. It  is  faid,  that  the  body  continues  In  uniform  rec- 
tilineal motion,  unlefs  affedled  by  fome  external  caufe. 

But  this  way  of  fpeaking  obliges  us,  at  firft  fetting  out 
in  natural  philofophy,  to  aflert  that  gravity,  magnetifm, 
eledfricity,  and  a thoufand  other  mechanical  powers, 
are  external  to  the  matter  which  they  put  In  motion. 

This  is  quite  improper : It  is  the  bufinefs  of  philofo- 
phy to  difcover  whether  they  be  external  or  not ; and 
if  we  affert  that  they  are,  we  have  no  principles  of  ar- 
gumentation with  thofe  who  deny  it.  It  is  this  one 
thing  that  has  filled  the  ftudy  of  nature  with  all  the 
jargon  of  aethers  and  other  invifible  intangible  fluids, 
which  has  difgraced  philofophy,  and  greatly  retard- 
ed its  progrefs. 

We  muft  obferve,  that  the  terms  ws  irfta,  inherent  Vis  infu, 
force,  are  very  improper.  There  is  no  difpute  among  inherent 
philofophers  in  calling  every  tiling  a force  that  pro- 
duces  a change  of  motion,  and  in  inferring  the  adlion  terms 
of  fuch  a force  whenever  we  obferve  a change  of  mo-  their  ufua! 
tion.  It  is  furely  incongruous  to  give  the  fame  name  accepta- 
to  what  has  not  this  quality  of  producing  a change,  or 
to  infer  (or  rather  to  fuppofe)  the  energy  of  a force 
when  no  change  of  motion  is  obferved.  This  is  one 
among  many  inftances  of  the  danger  of  miftake  when 
we  indulge  in  analogical  difcufllons.  All  our  lan- 
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Firft  Law  guage,  at  leatl,  on  this  fubjc^l  is  analogous.  I feel, 
cf  Motion,  fhat  in  order  to  oppofe  animal  force,  I mull  exert  force. 

But  I mull  exert  force  in  order  to  oppofe  a body  in  mo- 
tion ; Therefore  I imagine  that  the  moving  body  pof- 
felfes  force.  A bent  fpring  will  drive  a body  forward 
by  unbending : Therefore  I fay  that  the  fpring  exerts 
force.  A moving  body  impels  the  body  which  it  hits ; 
Therefore  I fay,  that  the  impelling  body  poflelTes  and 
exerts  force.  I imagine  farther,  that  it  polfeifes  force 
only  by  being  in  motion,  or  becaufe  it  is  in  motion  ; be- 
caufe  I do  not  find  that  a quiefcent  body  will  put  an- 
other into  motion  by  touching  it.  But  we  fhall  foon 
find  this  to  be  falfe  in  many,  if  not  in  all  cafes,  and  that 
the  communication  of  motion  depends  on  the  mere  vi- 
cinity, and  not  on  the  motion,  of  the  impelling  body  ; 
yet  we  afcribe  the  exertion  of  the  vis  injita  to  the  circum- 
flance  of  the  continued  motion.  We  therefore  conceive 
the  force  as  arifing  from,  or  as  confiding  in,  the  im- 
pelling body’s  being  in  motion  ; and,  with  a very  ob- 
fcure  and  indiftindt  conception  ©f  the  whole  matter,  we 
call  it  the  force  by  '\uhich  the  body  preferves  itfelf  in  motion. 
Thus,  taking  it  for  granted  that  a force  refides  in  the 
body,  and  being  obliged  to  give  it  fome  office,  this  is 
the  only  one  that  we  can  think  of. 

But  philofophers  imagine  that  they  perceive  the  ne- 
ceffity  of  the  exertion  of  a force  in  order  to  the  conti- 
nuation of  a motion.  Motion  (fay  they)  is  a conti- 
nued aftion ; the  body  is  every  inftant  in  a new  fitua- 
tion ; there  is  the  continual  production  of  an  effeft, 
therefore  the  continual  aftion  of  a caufe. 

Motion  is  Btit  this  is  a very  inaccurate  way  of  thinking.  We 
not  the  have  a diftinCt  conception  of  motion  ; and  we  conceive 
continual  that  there  is  fuch  a thing  as  a moving  caufe,  which  we 
produiftiM  diitinguilh  from  all  other  caufes  by  the  name  force.  It 
o pj.o(jm;es  motion.  If  it  does  this,  it  produces  the  cha- 

racter of  motion,  which  is  a continual  change  of  place. 
Motion  is  not  aCtion,  but  the  effeCt  of  an  aCtion ; and 
this  action  is  as  complete  in  the  inftant  immediately 
fucceeding  the  beginning  of  the  motion  as  it  is  a mi- 
nute after.  The  fubfequent  change  of  place  is  the  con- 
tinuation of  an  effect  already  produced.  The  immedi- 
ate effect  of  the  moving  force  is  a determinati©n,  by 
which,  if  not  hindered,  the  body  would  go  on  forever 
from  place  to  place.  It  is  in  this  determination  only 
, that  the  ftate  or  condition  of  the  body  can  differ  from 
a ftate  of  reft  ; for  in  any  inftant,  the  body  does  not 
defcribe  any  fpace,  but  has  a determination,  by  which 
it  will  defcribe  a certain  fpace  uniformly  in  a certain 
time.  Motion  is  a condition,  a ftate,  or  mode,  of  ex- 
iftence,  and  no  more  requires  the  continued  agency  of 
the  moving  caufe  than  yellownefs  or  roundnefs  does. 
It  requires  fome  chemical  agency  to  change  the  yellow- 
nefs to  greennefs ; and  it  requires  a mechanical  caufe 
or  a force  to  change  this  motion  into  reft.  When  we 
fee  a moving  body  ftop  ffiort  in  an  inftant,  or  be  gra- 
dually, but  quickly,  brought  to  reft,  we  never  fail  to 
fpeculate  about  a caufe  of  this  eeffation  or  retardation. 
The  cafe  is  noway  different  in  itfelf  although  the  re- 
tardation fhould  be  extremely  flow.  We  Ihould  always 
attribute  it  to  a caufe.  It  requires  a caufe  to  put  a 
body  out  of  motion  as  much  as  to  put  it  into  motion. 
This  caufe,  if  not  external,  muft  be  found  in  the  body 
itfelf ; and  it  muft  have  a felf-determining  power,  and 
may  as  well  be  able  to  put  itfelf  into  motion  as  out 
of  it. 
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If  this  reafoning  be  not  admitted,  we  do  not  fee  how  Firft  Law 
any  effedl  can  be  produced  by  any  caufe.  Every  effedl  Motion 
fuppofes  fomething  done  ; and  any  thing  done  implies 
that  the  thing  done  ma)**  remain  till  it  be  undone  by 
fome  other  caufe.  Without  this,  it  would  have  no  ex- 
iftence.  If  a moving  caufe  did  not  produce  continued 
motion  by  its  inftantaneous  affion,  it  could  not  pro- 
duce It  by  any  continuance  of  that  adtion  ; becaufe  in 
no  inftant  of  that  adlion  does  it  produce  continued 
motion. 

We  muft  therefore  give  up  the  opinion,  that  there 
refides  in  a moving  body  a force  by  nvhich  it  is  kept  in 
motion  ; and  we  muft  find  fome  other  way  of  explain- 
ing that  remarkable  difference  between  a moving  body 
and  a body  at  reft,  by  which  the  firft  caufes  other  bo- 
dies to  move  by  hitting  them,  while  the  other  does  not 
do  this  by  merely  touching  them.  We  fiiall  fee,  with 
the  cleareft  evidence,  that  motion  is  necelfary  in  the  im- 
pelling body,  in  order  that  it  may  permit  the  forces  in- 
herent in  one  or  both  bodies  to  continue  this  prefiare 
long  enough  for  producing  a fenfible  or  confiderable 
motion.  But  thefe  moving  forces  are  inherent  in  bo- 
dies, whether  they  are  in  motion  or  at  reft. 

The  foregoing  obfervations  fhew  us  the  impropriety 
of  the  phrafe  communication  of  motion.  By  thus  refledl- 
ing  on  the  notions  that  are  involved  in  the  general  con- 
ception of  one  body  being  made  to  move  by  the  im- 
pulfe  of  another,  we  perceive  that  there  is  nothing  in- 
dividual transferred  from  the  one  body  to  the  other.  ' 

The  determination  to  motion,  indeed,  exifted  only  in 
the  impelling  body  before  collifion ; whereas,  afterwards, 
both  bodies  are  fo  conditioned  or  determined.  But  we 
can  form  no  notion  of  the  thing  transferred.  With  the 
fame  metaphyfical  impropriety,  we  fpeak  of  the  com- 
munication of  joy,  of  fever. 

Kepler  introduced  a term  inertia  vis  inertia,  So  is  w 
into  mechanical  philofophy  ; and  it  is  now  in  conftant  mertis, 
life.  But  writers  are  very  carelefs  and  vague  in  the  no- 
tions  which  they  affix  to  thefe  terms.  Kepler  and  New- 
ton feem  generally  to  employ  it  for  expreffing  the  fact, 
the  perfeverance  of  the  body  in  its  prefent  ftate  of  mo- 
tion or  reft : but  they  alfo  frequently  exprefs  by  it 
fomething  like  an  indifference  to  motion  or  reft,  mani- 
fefed  by  its  requiring  the  fame  quantity  of  force  to  make 
an  augmentation  of  its  motion  as  to  make  an  equal  diminu- 
tion of  it.  The  popular  notion  is  like  that  which  we 
have  of  adual  refiftance  ; and  it  always  implies  the  no- 
tion of  force  everted  by  the  refilling  body.  We  fup- 
pofe  this  to  be  the  exertion  of  the  vis  injita,  or  the  in- 
herentforce  of  a body  in  motion.  But  we  have  the  fame 
notion  of  refiftance  from  a body  at  reft  which  we  fet 
in  motion.  Now  furely  It  is  in  diredl  contradidion  to 
the  common  ufe  of  the  word  force,  when  we  fuppofe  re- 
fiftance from  a body  at  reft ; yet  vis  inertia,  is  a very 
common  expreffion.  Nor  is  it  more  abfurd  (and  it  is 
very  abfurd)  to  fay,  that  a body  maintains  its  ftate 
of  reft  by  the  exertion  of  a vis  inertia,  than  to  fay, 
that  it  maintains  its  ftate  of  motion  by  the  exertion  of 
an  inherent  force.  We  fliould  avoid  all  fuch  metapho- 
rical expreffions  as  refiftance,  indifference,  fluggifhnefs , or 
pronenefs  to  ref  (which  fome  exprefs  by  inertia),  be- 
caufe  they  feldom  fail  to  make  us  indulge  in  metapho- 
rical notions,  and  thus  lead  us  to  mifconceive  the  modus 
operandi,  or  procedure  of  nature. 

There  is  no  refiftance  vjbatever  obferved  in  thefe  phe- 
nomena ; 
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Gravity  is  thus  meafured  by  the  preffure  which  a ftone 
exerts  on  its  fupports.  A weight  which  at  Quito  will 
pull  out  the  rod  of  a fpring  fteelyard  to  the  mark  312, 
will  pull  it  to  313  at  Spitzbergen.  And  it  is  a fadl, 
that  a body  will  fall  313  inches  at  Spitzbergen  in  the 
fame  time  that  it  falls  312  at  Quito.  Gravitation  is 
the  caufe  both  of  the  preffure  and  the  fall  ; and  it  is  a 
matter  of  unexcepted  obfervation,  that  they  have  al- 
ways the  fame  ratio.  The  philofophers  who  have  fo 
ftrenuoufly  maintained  the  other  meafure  of  forces,  are 
among  the  moft  eminent  of  thofe  who  have  examined 
the  motions  produced  by  gravity,  magnetifm,eled:ricity, 
&c. ; and  they  never  think  of  meafuring  thofe  forces 
any  other  way  than  by  the  velocity. . It  is  in  this  way 
that  the  whole  of  the  celeftial  phenomena  are  explained 
in  perfedf  uniformity  w'ith  obfervation,  and  that  the 
Newtonian  philofophy  is  confidered  as  a demonftrative 
fcience. 

There  mud,  therefore,  be  fome  defedl  in  the  principle 
on  which  the  other  meafurement  of  forces  is  built,  or 
in  the  method  of  applying  it.  Prellure  is  undoubtedly 
the  immediate  and  natural  meafure  of  force ; yet  we 
know  that  four  fprings,  or  a bow  four  times  as  ftrong, 
give  only  a double  velocity  to  an  arrow. 

The  truth  of  our  law  reds  on  this  only,  that  we  affume 
the  changes  of  motion  as  the  meafure  of  the  changing 
forces  ; or,  at  lead,  as  the  meafures  of  their  exertions  in 
producing  motion.  In  faft,  they  are  the  meafures  only 
of  a certain  circumdance,  in  which  the  adions  of  very 
different  natural  powers  may  refemble  each  other ; name- 
ly, the  competency  to  produce  motion.  They  do  not, 
perhaps,  meafure  their  competency  to  produce  heat,  or 
even  to  bend  fprings.  We  can  furely  confider  this  a- 
part  from  all  other  circumdances  ; and  it  is  worthy  of 
feparate  confideration.  Let  us  fee  what  can  be,  and 
what  ought  to  be,  deduced  from  this  way  of  treating 
the  fubjeff. 

The  motion  of  a body  may  certainly  remain  unchan- 
ged. If  the  diredion  and  velocity  remain  the  fame,  we 
perceive  no  circumdance  in  which  its  condition,  with 
^efpeft  to  motion,  differs.  Its  change  of  place  or  fitu- 
ation  can  make  no  difference ; for  this  is  implied  in 
the  very  circumdance  of  the  bodies  being  in  motion. 

But  if  either  the  velocity  or  direffion  change,  then 
furely  is  its  mechanical  condition  no  longer  the  fame  ; 
a force  has  adted  on  it,  either  intrinfic  or  from  without, 
either  accelerating,  or  retarding,  or  defledling  it.  Sup- 
pofing  the  diredlion  to  remain  the  fame,  its  difference  of 
condition  can  confid  in  nothing  but  its  difference  of 
velocity.  This  is  the  only  circumdance  in  W'hich  its 
condition  can  differ,  as  it  paffes  through  two  different 
points  of  its  redtilineal  path.  It  is  this  determination 
by  which  the  body  will  defcribe  a certain  determinate 
fpace  uniformly  in  a given  time,  which  defines  its  con- 
dition as  a moving  body  : the  changes  of  this  determi- 
nation are  the  meafures  of  their  own  caufes  ^ — and  to 
thofe  caufes  we  have  given  the  name  force.  Thofe 
caufes  may  refide  in  other  bodies,  which  may  have  other 
properties,  charadterifed  and  meafured  by  other  effedts. 
Preffure  may  be  one  of  thofe  properties,  and  may  have 
its  own  meafures ; thefe  may,  or  may  not,  have  the 
fame  proportion  with  that  property  which  is  the  caufe  of 
a change  of  velocity  : and  therefore  changes  of  velocity 
may  not  be  a meafure  of  preffure.  This  is  a quedion 
of  fadt,  and  requires  obfervation  and  experience ; but, 


in  the  mean  time,  velocity,  and  the  change  of  velocity,  SeeoiK 
is  the  meafure  of  moving  force  and  of  changing  force.  ». 
When  therefore  the  change  of  velocity  is  the  fame, 
whatever  tire  previous  velocity  may  be,  the  changing 
force  mud  be  confidered  as  the  fame:  therefore,  final- 
ly, if  the  previous  velocity  is  nothing,  and  confequent- 
ly  the  change  on  that  body  is  the  very  velocity  or  mo- 
tion that  it  acquires,  we  mud  fay,  that  the  force  which 
produces  a certain  change  in  the  velocity  of  a moving 
body,  is  the  fame  with  the  force  which  would  impart  to 
a body  at  red  a velocity  equal  to  this  change  or  diffe- 
rence of  velocity  produced  on  the  body  already  in  mo- 
tion. 

This  manner  of  edimating  force  Is  In  perfedl  eonfor- 
mity  to  our  mod  familiar  notions  on  thefe  fubjedls. 

We  conceive  the  weight  or  downward  preffure  of  a bo- 
dy as  the  caufe  of  its  motion  downwards ; and  we  con- 
ceive it  as  belonging  to  the  body  at  all  times,  and  in 
all  places,  whether  falling,  or  rifing  upwards,  or  de- 
fcribing  a parabola,  or  lying  on  a table ; and,  accord- 
ingly, we  obferve,  that  in  every  date  of  motion  it  re- 
ceives equal  changes  of  velocity  in  the  fame,  or  an  equal 
time,  and  all  in  the  diredion  of  its  preffure. 

All  that  we  have  now  faid  of  a change  of  velocity  4a 
might  be  repeated  of  a change  of  direflion.  It  is  fure- 
ly poffible  that  the  fame  change  of  direftion  may  be 
made  on  any  two  motions.  Let  one  of  the  motions  be 
confidered  as  grow’ing  continually  flower,  and  termi- 
nating in  red.  In  every  indant  of  this  motion  it  is  pofl 
fible  to  make  one  and  the  fame  change  on  it.  The 
fame  change  may  therefore  be  made  at  the  very  indant 
that  the  motion  is  at  an  end.  In  this  cafe,  the  change 
is  the  very  motion  w'hich  the  body  acquires  from  the 
changing  force.  Therefore,  in  this  cafe  alfo,  we  mud 
fay,  that  a change  of  motion  is  itfelf  a motion,  and  that 
it  is  the  motion  which  the  force  would  produce  in  a 
body  that  was  previoufly  at  red.  41 

The  refult  of  thefe  obfervations  is  evidently  this.  How  afc 
that  we  mud  afcertain,  in  every  indance^  what  is  the  tained  ai 
change  of  motion,  and  mark  it  by  charadlers  that  are 
confpicuous  and  didinguifliing  ; and  this  mark  and  mea- 
fure of  change  mud  be  a motion  : Then  we  mud  fay, 
that  the  changing  force  is  that  which  would  produce 
this  motion  in  a body  previoufly  at  red.  We  mud  fee 
how  this  is  manifed,  as  a motion,  in  the  difference  be- 
tween the  former  motion  and  the  new  motion  ; and,  on 
the  other  hand,  w'e  mud  fee  how  the  motion  produce- 
able  in  a quiefcent  body  may  be  fo  combined  with  a 
motion  already  exiding,  as  to  exhibit  a new'  motion,  in 
which  the  agency  of  the  changing  force  may  appear. 

Suppofe  a fhip  at  anchor  in  a dream  ; while  one  maa 
walks  forward  on  the  quarter  deck  at  the  rate  of  two 
miles  per  hour,  another  walks  from  dem  to  dem  at  the 
fame  rate,  a third  walks  athwart  Ihip,  and  a fourth 
dands  dill.  Let  the  Ihip  be  fuppofed  to  cut  or  part 
her  cable,  and  float  down  the  dream  at  the  rate  of  three 
miles  per  hour.  We  cannot  conceive  any  difference  in 
the  change  made  on  each  man’s  motion  in  abfolute 
fpace  j but  their  motions  are  now  exceedingly  different 
from  what  they  were : the  fird  man,  whom  we  may 
fuppofe  to  have  been  walking  wedward,  is  now  moving 
eadward  one  mile  per  hour  ; the  fecond  is  moving  ead- 
ward  four  miles  per  hour ; and  the  third  is  moving  in 
an  oblique  diiedtion,  about  three  points  north  or  fouth 
of  due  ead.  All  have  differed  the  fame  change  of  con- 
dition 
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c«ri(lLaw  dition  with  the  man  who  had  been  (landing  (lill.  He 
. Motion,  jias  now  got  a motion  eaftward  three  miles  per  hour. 
In  this  indance,  we  fee  very  well  the  circumdance  of 
famenefs  that  obtains  in  the  change  of  thefe  four  con- 
ditions. It  is  the  motion  of  the  (hip,  which  is  blended 
with  the  other  motions.  But  this  circumdance  is 
equally  prefent  whenever  the  fame  previous  motions 
are  changed  into  the  fame  new  motions.  We  mud 
learn  to  expifcate  this  ; which  we  (hall  do,  by  confider- 
ing  the  manner  in  which  the  motion  of  the  (hip  is  blend- 
ed  with  each  of  the  mens  motions, 
impofi-  This  kind  of  combination  has  been  called  the  Com- 
n of  mo- POSITION  of  motion;  becaufe,  in  every  point  of  the 
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motion  really  purfued,  the  two  motions  are  to  be 
found. 

The  fundamental  theorem  on  this  fubjedl  is  this : — 
Two  uniform  motions  in  the  Tides  of  a parallelogram 
compofe  an  uniform  motion  in  the  diagonal. 
iUXXI.  Suppofc  that  a point  A (fig.  i.)  defcribes  AB  uni- 
formly in  fome  given  time,  while  the  line  AB  is  car- 
ried uniformly  along  AC  in  the  fame  time,  keeping  al- 
ways  parallel  to  its  fird  pofiiion  AB.  The  point  A, 
by  the  combination  of  thefe  motions,  will  defcribe  AD, 
the  diagonal  of  the  parallelogram  ABDC,  uniformly 
in  the  fame  time. 

For  it  is  plain,  that  the  velocities  in  AB  and  AC 
are  proportional  to  AB  and  AC,  becaufe  they  are  uni- 
formly defcribed  in  the  fame  time.  When  the  point 
has  got  to  E,  the  middle  of  AB,  the  line  AB  has  got 
into  the  fituation  GH,  half  way  between  AB  and  CD, 
and  the  point  E is  in  the  place  e,  the  middle  of  GH. 
Draw  E f L parallel  to  AC.  It  is  plain,  that  the  pa- 
rallelograms ABDC  and  AE  e G are  fimilar ; becaufe 
AE  and  AG  are  the  halves  of  AB  and  AC,  and  the 
angle  at  A is  common  to  both.  Therefore,  by  a pro- 
pofition  in  the  elements,  they  are  about  the  fame  dia- 
gonal, and  the  point  e is  in  the  diagonal  of  AD.  In 
like  manner,  it  may  be  (hewn,  that  when  A has  de- 
fcribed AF,  |ths  of  AB,  the  line  AB  will  be  in  the 
fituation  IK,  fo  that  AI  is  ^ths  of  AC,  and  the  point 
/,  in  which  A is  now  found,  is  in  the  diagonal  AD. 
It  will  be  the  fame  in  whatever  point  of  AB  the  de- 
fcribing  point  A be  fuppofed  to  be  found.  The  line 
AB  will  be  on  a fimilar  point  of  AC,  and  the  defcri- 
bing  point  will  be  in  the  diagonal  AD. 

Moreover,  the  motion  in  AD  is  uniform  : for  A f is 
defcribed  in  the  time  of  defcribing  AE ; that  is,  in 
half  the  time  of  defcribing  AB,  or  in  half  the  time 
of  defcribing  AD.  In  like  manner,  A is  defcribed 
in  -|ths  of  the  time  of  defcribing  AD,  &c.  &c. 

Laftly,  the  velocity  in  the  diagonal  AD  is  to  the 
velocity  in  either  of  the  (ides  as  AD  is  to  that  fide. 
This  is  evident,  becaufe  they  are  uniformly  defcribed 
in  the  fame  time. 

This  is  juftly  called  a compofition  of  the  motions  AB 
and  AC,  as  will  appear  by  confidering  it  in  the  follow- 
ing  manner:  Let  the  lines  AB  AC  be  conceived  as 
two  material  lines  like  wires.  Let  AB  move  uniformly 
from  the  fituation  AB  int#  the  fituation  CD,  while 
AC  moves  uniformly  into  the  fituation  BD.  It  is  plain, 
that  their  interfeftion  will  always  be  found  on  AD. 
The  point  f,  for  example,  is  a point  common  to  both 
lines.  Confidered  as  a point  of  EL,  it  is  then  mo- 
ving in  the  dircftion  e H or  AB ; and,  confidered 
as  a point  of  GH,  it  is  moving  in  the  dircilion  e L. 
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Both  of  thefe  motions  are  therefoye  blended  in  the  mo-  SecondLaw 
tion  of  the  interfeilion  along  AD.  We  can  conceive  Motion, 
a fmall  ring  at  e,  embracing  loofely  both  of  the  wires. 

This  material  ring  will  move  in  the  diagonal,  and  will 
really  partake  of  both  motions. 

Thus  we  fee  how  the  motion  of  the  (hip  is  actually 
blended  with  the  motions  of  the  three  men  ; and  the 
circumdance  of  famenefs  which  is  to  be  found  in  the 
four  changes  of  motion  is  this  motion  of  the  (hip,  or 
of  the  man  who  was  danding  dill.  By  compofition 
wdth  each  of  the  three  former  motions,  it  produces  each 
of  the  three  new  motions.  Now,  when  each  of  two 
primitive  motions  is  the  fame,  and  each  of  the  new  mo- 
tions is  the  fame,  the  change  is  furely  the  fame.  If 
one  of  the  changes  has  been  brought  about  by  the  ac- 
tual compofition  of  motions,  we  know  precifely  what 
that  change  is ; and  this  informs  us  what  the  other  is,  in 
whatever  way  it  was  produced.  Hence  we  infer,  that, 

When  a motion  is  any  how  changed,  the  change  is  that  fTs  mark 
motion  which,  when  compounded  with  the  former  motion,  and  mea- 
will produce  the  new  motion.  Now,  becaufe  we  affurae 
the  change  as  the  meafure  and  charadleridic  of  the 
changing  force,  we  mud  do  fo  in  the  prefent  indance ; 
and  we  mud  fay, 

That  the  changing  force  is  that  which  will  produce  in  Changing 
a quiefcent  body  the  motion  which,  by  compofition  with  the  force. 
former  motion  of  a body,  will  produce  the  new  motion. 

And,  on  the  other  hand. 

When  the  motion  of  a body  is  changed  by  the  aBion  of  fts  effeid. 
any  force,  the  new  motion  is  that  which  is  compounded  of 
the  former  motion,  and  of  the  motion  which  the  force  would 
produce  in  a quiefcent  body. 

When  a force  changes  the  diredtion  of  a motion,  we  ItfcBing 
fee  that  its  diredlion  is  tranfvcrfe  in  fome  angle  BAG  ;/«««• 
becaufe  a diagonal  AD  always  fuppofes  two  Tides.  As 
we  have  didinguifhed  any  change  of  direftion  by  the 
term  deflection,  we  may  call  the  tranfverfe  force 

a DEFLECTING  FORCE. 

In  this  way  of  edimating  a change  of  motion,  all  the 
charadters  of  both  motions  are  preferved,  and  it  ex- 
preffes  every  circumdance  of  the  change  ; the  mere 
change  of  diredtion,  or  the  angle  BAD,  is  not  enough, 
becaufe  the  fame  force  will  make  different  angles  of 
defledtion,  according  to  the  velocity  of  the  former  mo- 
tion, or  according  to  its  diredtion  : but  in  this  edima- 
tion,  the  full  effedl  of  the  defledting  force  is  feen ; it  is 
feen  as  a motion  ; for  when  half  of  the  time  is  elapfed, 
the  dody  is  at  e indead  of  E ; when  three-fourths  are 
elapfed,  it  is  at  f indead  of  F ; and  at  the  end  of  the 
time  it  is  at  D indead  of  B.  In  (hort,  the  body  has 
moved  uniformly  away  from  the  points  at  which  it 
would  have  arrived  independent  of  the  change  ; and 
this  motion  has  been  in  the  fame  diredtion,  and  at  the 
fame  rate,  as  if  it  had  moved  from  A to  C by  the 
changing  force  alone.  Each  force  has  produced  its 
full  effedl ; for  when  the  body  is  at  D,  it  is  as  far 
from  AC  as  if  the  force  AC  had  not  adted  on  it ; and 
it  is  as  far  from  AB  as  it  would  have  been  by  the  adlion 
of  AC  alone. 

For  all  thefe  reafons,  therefore,  it  is  evident,  that  if 
we  are  to  abide  by  our  meafure  and  charadler  of  force 
as  a mere  producer  of  motion,  we  have  feledled  the 
proper  charadleriftic  and  meafure  of  a changing  force: 
and  our  defcriptions,  in  conformity  to  this  feledlion, 
mud  be  agreeable  to  the  phenomena  of  nature,  and  re- 
tain 
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SecondLaw  (ain  the  accuracy  of  geometrical  procedure  ; becaufe, 
of  Motion,  pfj  other  hand,  the  refults  which  we  deduce  from 
the  fuppofed  influence  of  thofe  forces  are  formed  in  the 
fame  mould.  It  is  not  et'en  requifite  that  the  real 
exertions  of  the  natural  forces,  fuch  as  prelfure  of  va- 
rious kinds,  &c.  lhall  follow  thefe  rules ; for  their  de- 
viations will  be  confidered  as  new  forces,  although  they 
are  only  indications  of  the  differences  of  the  real  forces 
from  our  hypothefis.  We  have  obtained  the  precious 
udvantage  of  mathematical  inveftigation,  by  which  we 
can  examine  the  law  of  exertion  which  cbaradterifes 
every  force  in  nature. 

On  thefe  principles  we  eftablifh  the  follov;ing  funda- 
mental elementary  propofition,  of  continual  and  indif- 
penfable  ufe  in  all  mechanical  enquiries, 
yuncfa^nen-  material  particle  he  fubjeBed  at  the  fame  time 

tal  theorem  h:o  the  adion  of  t<wo  mo’ving  forces^  each  of  ’which 
’would  feparately  caufe  it  to  deferihe  the  fide  of  a paral- 
lelogram uniformly  in  a given  time,  the  body  ‘will,  dc' 
feribe  the  diagonal  uniformly  in  the  fame  time. 

For  the  body,  whofe  motion  AB  was  changed  into 
AD,  had  gotten  its  motion  by  the  aefion  of  fome 
force.  It  was  moving  along  NAB  ; and,  when  it  reach- 
ed the  point  A,  the  force  AC  adled  on  it.  The  pri- 
mitive motion  is  the  fame,  or  the  body  is  in  the  fame 
condition  in  every  inftant  of  the  primitive  motion.  It 
may  haveacquired  this  motion  when  it  was  in  N,  or  when 
at  O,  or  any  other  point  of  NA.  In  all  thefe  cafes, 
if  AC  adt  on  it  when  it  is  in  A,  it  will  always  deferibe 
AD ; therefore  it  will  deferibe  AD  w'hen  it  acquires 
the  primitive  motion  alfo  in  A ; that  is,  if  the  two  for- 
ces act  on  it  at  one  and  the  fame  inftant.  The  demon- 
ftration  may  be  neatly  exprefled  thus : The  change  in- 
duced by  each  force  on  the  motion  produced  by  the 
other,  is  the  motion  which  it  would  produce  in  the  bo- 
dy if  previoufly  at  reft.  Therefore  the  motion  refult- 
ing  from  joint  adlion  is  the  motion  which  is  compound- 
ed of  thefe  two  motions ; or  it  is  a motion  in  the  dia- 
gonal of  the  parallelogram,  of  which  thefe  motions  are 
the  Tides. 

Compoftiion  This  is  called  the  Composition  of  Forces.  The 
ef  folds,  forces  which  produce  the  motions  along  the  Tides  of  the 

parallelogram  are  called  the  Simple  Forces,  or  the 
Constituent  Forces;  and  the  force  which  would 
alone  produce  the  motion  along  the  diagonal  is  called 
the  Compound  Force,  the  Resulting  Force,  the 
Equivalent  Force. 

On  the  other  hand,  the  force  which  produces  a mo- 
tion along  any  line  whatever,  may  be  conceived  as  re- 
fulting  from  the  combined  aflion  of  two  or  more  for- 
ces. ^ We  may  kno’w  or  obferve  it  to  be  fo  ; as  when  we 
fee  a lighter  dragged  along  a canal  by  two  horfes,  one 
on  each  fide.  Each  pulls  the  boat  direiftly  toward  him- 
felf  in  the  diredlion  of  the  track-rope  ; the  boat  cannot 
go  both  ways,  and  its  real  motion,  whatever  it  is,  re- 
fults from  this  combined  adtion.  This  might  be  pro- 
duced by  a fingle  force  ; for  example,  if  the  lighter  be 
dragged  along  the  canal  by  a rope  from  another  lighter 
which  precedes  it,  being  dragged  by  one  horfe,  aided  by 
the  helm  of  the  foremoft  lighter.  Here  the  real  force  is 
not  the  refulting,  or  the  compound,  but  the  equivalent 
force. 

Refolutlon  This  view  of  a motion,  mechanically  produced,  is 
of  forces,  called  the  Resolution  of  Forces.  The  force  in 
the  diagonal  is  faid  to  be  refolved  into  the  two  forces, 


having  the  diredHons  and  velocities  reprefented  by  the  Second!  |r<l 
fides.  This  pradlice  is  of  the  moft  extenfive  and  mul-  of  Mot 
tifareous  ufe  in  all  mechanical  difquifitions.  It  may 
frequently  be  exceedingly  difficult  to  manage  the  com- 
plication of  the  many  real  forces  which  concur  in  pro- 
ducing a phenomenon;  and  by  fubftituting  others, 
wffiofe  combined  effedls  are  equivalent,  our  inveftigation 
may  be  much  expedited.  But  more  of  this  afterwards. 

We  muft  carefully  remember,  that  when  the  motion 
AD  is  once  begun,  all  compofition  is  at  an  end,  and 
the  motion  is  a fimple  motion.  The  two  determina- 
tions, by  one  of  which  the  body  would  deferibe  AB, 
and  by  the  other  of  which  it  would  deferibe  AC,  no 
longer  co-exijl  in  the  body.  This  was  the  cafe  only  in 
the  injlant,  in  the  very  adt  of  changing  the  motion  A3 
into  the  motion  BD  ; yet  is  the  motion  AD  equivalent  | 

to  a motion  which  is  produced  by  the  aSual  campqfition  \ 

of  two  motions  AB  and  AC ; in  which  cafe  the  two 
motions  co-exift  in  every  point  of  AD. 

Accordingly  this  is  the  way  in  which  the  compofi-  Ufual  de 
tion  of  forces  is  ufually  illuftrated,  and  thought  to  be  monftra- 
demonftrated.  A man  is  fuppofed  (for  inftance)  to 
walk  uniformly  from  A to  C on  a flieet  of  ice,  while 
the  ice  is  carried  uniformly  along  AB  by  the  ftream. 

The  man’s  real  motion  is  undoubtedly  along  AD  ; but 
this  is  by  no  means  a demonftration  that  the  inftanta- 
neous  or  ffiort  lived  adtion  of  two  forces  would  pro- 
duce that  motion ; the  man  muft  continue  to  exert 
force  in  order  to  walk,  and  the  ice  is  dragged  along  by 
the  ftream.  Some  indeed  exprefs  this  proof  in  another 
way,  faying,  let  a body  deferibe  AB,  while  the  fpace 
in  w'hich  this  motion  is  performed  is  carried  along  AC. 

The  ice  may  be  carried  along,  and  may,  by  fridtion,  or 
otherwife,  drag  the  man  along  with  it;  but  a fpace 
cannot  be  removed  from  one  place  to  another,  nor,  if 
*it  could,  would  it  take  the  man  with  it.  Should  a 
fliip  ftart  hidden’ T forward  while  a man  is  walking 
acrofs  the  deck,  e would  be  left  behind,  and  fall  to- 
ward the  ftern.  We  muft  fuppofa^^.  tranfverfe  force, 
and  we  muft  fuppofe  the  compofition  of  this  force  with- 
out proof.  This  is  no  demonftration. 

We  apprehend,  that  the  demonftration  given  above 
of  this  fundamental  propofition  is  unexceptionable, 
when  the  terms  force  and  defledtion  are  ufed  in  the  ab- 
ftradl  fenfe  which  we  have  affixed  to  them ; and  we 
hope,  by  thefe  means,  to  maintain  the  rigour  of  mathe- 
matical dilcuffion  in  all  our  future  difquifitions  on  thefe 
fubjedts.  The  only  circumftance  in  it  which  can  be 
the  fubjedl  of  difeuffion  is,  whether  we  have  feledied 
the  proper  meafure  and  cbaradteriftic  of  a change  of 
motion — We  never  met  with  any  objedlion  to  it. 

But  fome  have  ftill  maintained,  that  it  does  not  evl-  objedHom 
dently  appear,  from  thefe  principles,  that  the  motion  to  the  de- 
which  refults  from  the  joint  adion  of  two  natural  nionftra- 
powers,  whofe  known  and  meafurable  intenfities  have 
the  fame  proportions  with  AB  and  BC,  and  which  alfo  nol 
exert  thernfelves  in  thofe  diredlions,  will  produce  a mo-  apply  to 
tion,  having  the  diredlion  and  proportion  of  AD^  prelTure*. 
They  will  not,  if  the  velocities  produced  by  thefe  for- 
ces are  not  in  the  proportion  of  thofe  intenfities,  but  in 
the  fubduplicate  ratio  of  them.  Nay,  they  fay,  that  it 
is  not  fo.  If  a body  be  impelled  along  AC  by  one 
fpring,  and  along  AB  by  two  fprings  equally  ftrong, 
it  will  not  deferibe  the  diagonal  of  a parallelogram,  of 
which  the  fide  AB  is  double  the  fide  AC.  Nay,  they 

add, 
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SWondLaw  add,  that  an  Indefinite  number  of  examples  can  be  given 
of  Motion,  where  a body  does  not  defcribe  the  diagonal  of  the  paral- 
lelogram by  the  joint  adion  of  two  forces,  which,  fepa- 
rately,  would  caufe  it  to  defcribe  the  fides.  And, 
laftly,  they  fay,  that,  at  any  rate,  it  does  not  appear 
evident  to  the  mind,  that  two  incitements  to  motion,  hav- 
ing the  diredlions  and  the  fame  proportion  of  intenfi- 
ty  with  that  of  the  fides  of  a parallelogram,  adually 
generate  a third,  which  is  the  immediate  caufe  of  the 
motion  in  the  diagonal.  An  equivalent  force  is  not  the 
fame  with  a refuliing  force. 

Yet  we  fee  numberlefs  cafes  of  the  compofition  of 
incitements  to  motion,  and  they  feem  as  determinate, 
and  as  fufceptible  of  being  combined  by  compofition, 
as  the  things  called  moving  forces,  which  are  meafured 
by  the  velocities ; we  fee  them  aftually  fo  combined  in 
a thoufand  inftances,  as  in  the  example  already  given 
of  a lighter  dragged  by  two  horfes  pulling  in  different 
direftions.  Nay,  experiment  fliews,  that  this  compo- 
fition follows  precifely  the  fame  rule  as  the  compofition 
ef  the  forces  which  are  meafured  by  the  velocities ; for 
if  the  point  A (fig.  i.)  be  pulled  by  a thread,  or  pref- 
fed  by  a fpring,  in  the  diredtion  AB,  and  by  another 
in  the  diredlion  AC,  and  if  the  preflures  are  propor- 
tional to  AB  and  AC,  then  it  will  be  withheld  from 
moving,  if  it  be  pulled  or  preffed  by  a third  force,  adt- 
ing  in  the  diredtion  Kd,  oppofite  to  AD,  the  preffure 
being  alfo  proportional  to  AD'.  This  force,  adiing  in 
the  diredtion  Kd^  would  certainly  withftand  an  equal 
force  adiing  in  the  diredlion  AD  ; therefore  we  muff 
conclude,  that  the  two  preffures  AB  and  AC  really 
generate  a force  AD.  This  uniform  agreement  fhews 
that  the  compofition  is  deducible  from  fixed  principles  ; 
but  it  does  not  appear  that  it  can  be  held  as  demon- 
ftrated  by  the  arguments  employed  in  the  cafe  of  mo- 
tions. A demonffration  of  the  compofition  of  pref- 
fures is  ftill  wanted,  in  order  to  render  mechanics  a de- 
monftrative  fcience. 

Accordingly,  philofophers  of  the  firff  eminence  have 
turned  their  attention  to  this  problem.  It  is  by  no 
of  more  dif- means  eafy ; being  fo  nearly  allied  to  firff  principles, 
icult  xnvef-  jj,  muff  be  difficult  to  find  axioms  of  greater  fim- 
plicity  by  which  it  may  be  proved. 

Mechanicians  generally  contented  themfelves  with 
the  folution  given  by  Ariffotle  ; but  this  is  merely  a 
compofition  of  motions : indeed  he  does  not  give  it  for 
any  thing  elfe,  and  calls  it  “ ruv  fu  av.”  The  firff 

writer  who  appears  to  have  confidered  it  as  different 
from  the  mere  compofition  of  motions,  was  the  celebrat- 
ed Dutch  engineer  Stevinus  in  his  work  on  Sluices; 
but  his  folution  is  obfeure.  It  was  fufficient,  however, 
to  convince  Daniel  Bernoulli  of  the  neceffity  and  the 
difficulty  of  the  problem.  He  has  given  the  firff  com- 
plete demonffration  of  it  in  the  firff  volume  of  the  Com- 
mentaries of  the  Imperial  Academy  of  Sciences  at  St 
Peterfourgh.  It  is  extremely  ingenious  ; but  it  is  te- 
dious and  intricate,  requiring  a ferics  of  15  propofi- 
tions  to  demonftrate  that  two  preffures,  having  the  di- 
regions  and  magnitudes  of  the  fides  of  any  parallelo- 
gram, cempofe  a third,  which  has  the  direftion  and 
magnitude  of  its  diagonal.  His  firff  propofition  is,  that 
two  equal  prejfares,  aBhig  at  right  angles,  compofe  a third, 
in  the  diredlion  of  the  diagonal  of  a Jquare,  and  having  to 
either  of  the  other  two  the  proportion  of  the  diagonal  of  a 
fquare  to  its  fides. 
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Mr  D’Alembert  has  greatly  fimpllfied  and  Irtiproved  LawSecond 
this  demonffration,  by  beginning  with  a cafe  that  is  felf-  Motion, 
evident ; namely,  If  three  equal  forces  are  inclined  to  each 
other  in  equal  angles  of  120  degrees,  any  one  of  them  will 
balance  the  combined  action  of  the  other  two.  Surely  ; 
for  neither  of  them  can  prevail.  Therefore  two  equal 
forces,  inclined  in  an  angle  of  120  degrees,  produce  a 
third,  which  has  the  diredlion  and  proportion  of  the 
diagonal  of  the  rhombus ; for  this  is  equal  and  oppo- 
fite to  one  of  the  three  above  mentioned.  He  then  de- 
rnonflrates  the  fame  thing  of  two  equal  forces  inclined  in 
any  angle ; and  by  a feries  of  eight  propofitions  more, 
demonftrates  the  general  theorem.  This  differtation  is  in 
the  Memoirs  of  the  Academy  at  Paris  for  1769.  He 
improves  it  ftill  farther  in  a fubfequent  memoir. 

Mr  Riccati  and  Mr  Fonfenex,  in  the  Commentaries 
of  the  Academy  of  T urin,  have  given  analytical  demon- 
ftrations,  which  are  alfo  very  ingenious  and  concife,  but 
require  acquaintance  with  the  higher  methematics. — 

There  is  another  very  ingenious  demonffration  in  the 
Journal  des  Sgavans  for  June  1764,  but  too  obfeure 
for  an  elementary  propofition.  It  is  fomewhat  fimpll- 
fied by  Belidor  in  his  Ingenieur  Frangois.  Frifius,  in 
his  Cofmographia,  has  given  one,  which  is  perhaps  the 
beft  of  all  thofe  that  are  eafily  comprehended  without 
acquaintance  with  the  higher  mathematics : but  we 
imagine  that,  although  no  one  can  doubt  of  the  conclu- 
fion,  it  has  not  that  intuitive  evidence  for  every  ftep  of 
the  procefs  that  feems  neceffary. 

We  here  offer  another,  compofed  by  blending  toge-  Compofition 
tber  the  methods  of  Bernoulli  and  D’Alembert ; and  ofprfures. 
we  imagine  that  no  objedlion  can  be  made  to  any  ftep 
of  it.  We  limit  it  entirely  to  preffures,  and  do  not  at 
all  confider  nor  employ  the  motions  which  they  may 
be  fuppofed  to  produce. 

(A)  If  tw'o  equal  and  oppofite  preffures  or  incitements 
to  motion  acl  at  once  on  a material  particle,  it  fuffers  no 
change  of  motion  ; for  if  it  yields  in  either  diredlion  by 
their  joint  adlion,  one  of  the  preffures  prevails,  and  they 
are  not  equal. 

Equal  and  oppofite  preffures  are  fald  to  balance 
each  other  ; and  fuch  as  balance  muff  be  efteemed  equal 
and  oppofite. 

(B)  li  a and  b are  two  magnitudes  of  the  fame  kind, 
proportional  to  the  intenfities  of  two  preffures  which  aft 
in  the  fame  direction,  then  the  magnitude  a b will 
meafure  the  intenfity  of  the  preffure,  which  is  equiva- 
lent, and  may  be  called  equal,  to  the  combined  effort  of 
the  other  two  ; for  when  we  try  to  form  a notion  of  pref- 
fure as  a meafurable  magnitude,  diftindt  from  motion  or 
any  other  effedi  of  it,  we  find  nothing  that  we  can  mea- 
fure it  by  but  another  preffure.  Nor  have  we  any  no- 
tion of  a double  or  triple  preffure  different  from  a pref- 
fure that  is  equivalent  to  the  joint  effort  of  two  or  three 
equal  preflures.  A preffure  a is  accounted  triple  of  a 
preffure  b,  if  it  balances  three  preffures,  each  equal  to  b, 
adiing  together.  Therefore,  in  all  proportions  which 
can  be  expreffed  by  numbers,  we  muff  acknowledge  the 
legitimacy  of  this  meafurement ; and  it  would  furely  be 
effedlation  to  omit  thofe  which  the  mathematicians  caU 
incorrmenfiirahle. 

In  like  manner,  the  magnitude  a — b muff  be  ac- 
knowledged to  meafure  that  preffure  which  arifes  from 
the  joint  adlion  of  two  preffures  a and  b adiing  In  oppo- 
fite diredlions,  of  which  a Is  the  greateft, 
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SecondLaw  (C)  Le.t  ABCD  and  Ah  Cd  (fig.  A)  be  two  rhom- 
of  Motion,  bufes,  which  have  the  common  diagonal  AC.  Let  the 
angles  BA3,  ~DAd,  be  bifedled  by  the  ftraight  lines 
AE  and  AF. 

If  there  be  drawn  from  the  points  E and  F the  lines 
EG,  EH,  F^,  Yh,  making  equal  angles  on  each  fide 
of  EA  and  FA,  and  if  Gg,  Yih  be  drawn,  cutting  the 
diagonal  AC  in  I and  L ; then  AI  AL  will  be 
greater  or  lefs  than  AQ^  the  half  of  AC,  according  as 
the  angles  GEH,  gYh,  are  greater  or  lefs  than  GAH, 

Draw  GH,  gh,  cutting  AE,  AF,  in  O and  o,  and 
draw  Oo,  cutting  AC  in  K. 

Becaufe  the  angles  AEG  and  EAG  are  refpeAively 
equal  to  AEH  and  EAH,  and  AE  is  common  to 
both  triangles,  the  fides  AG,  GE  are  relpedively  equal 
to  AH,  HE,  and  GH  is  perpendicular  to  AE,  and  is 
bifeAed  in  O ; for  the  fame  reafons,  gh  is  biledted  in 
o.  Therefore  the  lines  Gg,  Oo,  H/j,  are  parallel,  and 
IL  is  bifedled  in  K.  Therefore  AI  + AL  is  equal  to 
twice  AK.  M ireover,  if  the  angle  GEH  be  greater 
than  GAH,  AO  is  greater  than  EG,  and  AK  is  great- 
er than  KQ.  Therefore  AI-f-AL  is  greater  than 
AQj  and  if  the  angle  GEFI  be  lefs  than  GAH,  AI 
-J-AL  is  lefs  than  AQ^ 

(D)  Two  equal  prefiures,  adling  in  the  diredtions 
AB  and  AC  (fig.  2.),  at  right  angles  to  each  other, 
compofe  a prelTure  in  the  diredtion  AD,  which  bifedts 
the  right  angle  ; and  its  intenfity  is  to  the  intenfity  of 
each  of  the  conftituent  prelTures  as  the  diagonal  of  a 
fquare  to  one  of  the  fides.  It  is  evident,  that  the  di- 
redlion  of  the  prelTure,  generated  by  their  joint  adtion, 
will  bifedl  the  angle  formed  by  their  diredtions  ; becaufe 
no  reafon  can  be  affigned  for  the  diredtion  inclining 
more  to  one  fide  than  to  the  other. 

In  the  next  place,  fince  a force  in  tlie  diredtion  AD 
does,  in  fadt,  arife  from  the  joint  adtion  of  the  equal 
prefiures  AB  and  AC,  the  preffure  AB  may  be  con- 
ceived as  arifing  from  the  joint  adtion  of  two  equal 
forces  fimilarly  inclined  and  proportioned  to  it.  Draw 
EAF  perpendicular  to  AD.  One  of  thefe  forces  mult  be 
diredted  along  AD,  and  the  other  along  AE.  In  like 
manner,  the  preffure  AC  may  arife  from  the  joint  ac- 
tion of  a prefi’ure  in  the  diredtion  AD,  and  an  equal 
preffure  in  the  diredtion  AF.  Ir  is  alfo  plain,  that  the 
preffures  in  the  diredtions  AE  and  AF,  and  the  two 
preffures  in  the  diredtion  AD,  mull  be  all  equal.  And 
alfo,  any  one  of  them  mull  have  the  fame  proportion  to 
AB  or  to  AC,  that  AB  or  AC,  has  to  the  force  in 
the  diredtion  AD,  arifing  from  their  joint  adtion. 

Therefore,  if  it  be  faid  that  AD  does  not  meafure 
the  preffure  arifing  from  the  joint  adtion  of  AB  and 
AC,  let  A d,  greater  than  AD,  be  its  juft  meafure, 
and  make  Ad:  AB  = AB  : Ag  = AB  : A e.  Then 
Ag  and  Af  have  the  fame  inclination  and  proportion 
10  AB  that  AB  and  AC  have  to  A d.  We  determine, 
in  like  manner,  two  forces  A/" and  Ag  as  conftituents 
of  AC. 

Now  A J is  equivalent  to  AB  and  AC,  and  AB  is 
equivalent  to  A £ and  A^;  and  AC  is  equivalent  to 
A f and  A g.  Therefore  A is  equivalent  to  A e, 
A f,  A g,  and  A g.  But  (a)  A e and  A f ba- 
lance each  other,  or  annihilate  each  other’s  efltedt ; and 
there  remain  only  the  two  forces  or  preffures  Ag,  Ag. 
Therefore  (b)  their  meafure  is  a magnitude  equal  to 
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twice  A^.  But  if  A fi?  be  greater  than  the  diagonal  SecondLaw  U 
AD  of  the  fquare,  whofe  fides  are  AB  and  AC ; then  Motion,  n 
Ag  mnft  be  lefs  than  AI,  the  fide  of  the  fquare  whofe 
diagonal  is  AB.  But  twice  A^  is  lefs  than  AD,  and  t' 

much  lefs  than  A d.  Therefore  the  meafure  of  the  1 

eqivalent  of  AB  and  AC  cannot  be  a line  A d great- 
er than  AD.  In  like  manner,  it  cannot  be  a line  A J' 
that  is  lefs  than  AD.  Therefore  it  muft  be  equal  to  . 

AD,  and  the  propofition  is  demonftrated.  ! 

(E)  Cor.  Two  equal  forces  AB,  AC,  afllng  at  ! 

right  angles,  will  be  balanced  by  a force  AO,  equal  | 

and  oppofite  to  AD,  the  diagonal  of  the  fquare  whofe 

fides  are  AB  and  AC  ; for  AO  would  balance  AD, 

which  is  the  equivalent  of  AB  and  AC.  [ 

(F)  Let  AECF  (fig.  3.)  be  a rhombus,  the  acute 

angle  of  which  EAF  is  half  of  a right  angle.  Two  j 

equal  preffures,  which  have  the  diredtions  and  meafures 

AE,  AF,  compofe  a preffure,  having  the  diredtion  and 
meafure  AC,  which  is  the  diagonal  of  the  rhombus. 

It  is  evident,  in  the  firft  place,  that  the  compound 
force  has  the  diredtion  AC,  which  bifedts  the  angle 
EAF.  If  AC  be  not  its  juft  meafure,  let  it  be  AP 
lefs  than  AC.  Let  ABCD  be  a fquare  difcribed  on 
the  fame  diagonal,  and  make  AP  : AQ_=  AE  : AO, 

= AF  : ho.  Draw  KOG,  Yi  0 g perpendicular  to 

AE,  AF ; draw  G I OH  0,  EG,  EK,  F g,  FK,  : 

PF,  and  PE. 

The  angles  CAB  and  FAE  are  equal,  each  being 
half  of  a right  angle.  Alfo  the  figures  AEPF  and 
AGEK  are  fimilar,  becaufe  AP  ; AQj=  AE  : A O. 

Therefore  FA  : AP  = KA  : AE,  and  EA  ; AP= 

GA  : AE.  Therefore,  in  the  fame  manner  that  the 
forces  AE,  AF  are  affirmed  to  compofe  AP,  the  forces 
AG  and  AKmay  compofe  the  force  AE,  and  the  forces 
Ag  and  AK  may  compofe  the  force  AF.  Therefore 
(B)  the  force  AP  is  equivalent  to  the  four  forces  AG, 

AK,  A^,  AK.  Bat  (D)  AG  and  Aj^  are  the  fides  f 

of  a fquare,  whofe  diagonal  is  equal  to  twice  AI : and 
the  two  forces  AK,  AK  are  equal  to,  or  are  mcafured 
by,  twice  AK.  Therefore  the  fi.ur  forces  AG,  AK, 

A g,  AK,  are  equivalent  to  2 AI  -}-  2 AK,  = 4 AH. 

But  becaufe  AP  was  ftrppofed  lefs  than  AC,  the 
angle  FPE  is  greater  than  FAE,  and  GEK  is  greater 
than  GAK,  AO  is  greater  than  OE,  and  AH  is  great- 
er than  HQ^  and  2 AH  is  greater  than  AQj  and 
therefore  4 AH  is  greater  than  AC,  and  much  greater 
than  AP.  Therefore  AP  is  not  the  juft  meafure  of 
the  force  compofed  of  AE  and  AF. 

In  like  manner,  it  is  (hewn,  that  AE  and  AF  do 
not  compofe  a force  whofe  meafure  is  greater  than  AC. 

It  is  therefore  equal  to  AC  ; and  the  propofition  is  de- 
monftrated. 

(G)  By  the  fame  procefs  it  may  be  demonftrated, 
that  if  BAD  be  half  a right  angle,  and  EAF  be  the 
fourth  of  a right  angle,  two  forces  AE,  AF  will  com- 
pofe a force  meafured  by  A C.  And  the  procefs  may 
be  repeated  for  a rhombus  whofe  acute  angle  is  -^th, 

of  a right  angle ; that  is,  any  portion  of  a 
right  angle  that  is  produced  by  continual  bifedtion. 

Two  forces,  forming  the  fides  of  fuch  a rhombus,  com- 
pofe a force  meafured  by  the  diagonal. 

(H)  Let  ABCD,  Abed  (fig.  4.)  be  two  rhom- 
bufes  formed  by  two  confecutive  bifedtions  of  a right 
angle.  Let  AECF  be  another  rhombus,  whofe  fides 
A£  and  AF  bifedt  the  angles  BA  b and  DA  d. 
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SecondLaw  neoefTary  to  inveftigate  the  laws  of  combined  prefiure 
of  Monori.  ^re  did  the  laws  of  combined  motion  in  confequence 
of  preflure.  Yet  we  fliculd  err,  if  we  haftily  afferted 
that  prelfures  are  not  proportional  to  the  motions  which/ 
they  produce ; all  that  we  are  intitled  to  call  in  doubt 
is,  whether  the  prelfures  in  their  exertion,  while  they 
actually  produce  motion,  or  changes  of  motion,  con- 
tinue to  be  the  fame  as  when  they  do  not  produce 
motion,  being  withftood  or  balanced  by  oppofite  pref- 
fures.  Confidered  as  caufes  of  motion,  we  ought  to 
think  that  they  do  not  vary  while  they  produce  mo- 
tion, and  that  the  actual  preffure,  while  it  produces  a 
double  motion,  is  really  double,  although  it  may  be 
quadruple  when  the  body  exerting  it  is  made  to  a6t  on 
a body  that  it  cannot  move.  We  are  confirmed  in  this 
opinion  by  obferving,  that  other  fads  fhew  us,  that  even 
while  producing  motion,  the  preffure  which  we  call 
quadruple,  becaufe  W'e  have  meafured  it  by  four  equal 
preffures  balancing  it,  is  really  quadruple,  confidered  as 
the  caufe  of  motion,  and  produces  a quadruple  motion. 
A bow  which  requires  four  times  the  force  to  draw  it 
to  any  given  extent,  will  communicate  the  fame  velocity 
to  a bundle  of  four  arrows  that  a bow  four  times  eafier 
drawn  communicates  to  one  arrow,  and  will  therefore 
produce  a quadruple  motion.  Yet  it  will  only  produce 
a double  velocity  in  the  arrow  that  acquired  a fimple 
velocity  from  a bow  having  one  fourth  of  the  ftrength. 

Thefe  difcrepancies  fhould  excite  the  endeavours  of 
mechanicians  to  inveftigate  the  laws  obferved  in  the  ac- 
tion of  preffures  in  producing  motion.  Had  this  been 
done  with  care  and  with  candour,  we  fhould  not  have 
had  the  great  difference  of  opinion,  w'hich  ftill  divides 
philofophers,  about  the  meafures  of  moving  forces.  But 
a fpirit  of  party,  which  had  arifen  from  other  caufes, 
gave  importance  to  what  was  at  firft  only  a difference 
of  expreffion,  and  made  the  partifans  of  Mr  Leibnitz 
avail  themfelves  of  the  figurative  language  which  has 
done  fo  much  harm  in  all  the  departments  of  philofo- 
phy.  Notwithflanding  all  our  caution,  it  is  hardly  pof- 
fible  to  avoid  metaphorical  conceptions  when  we  em- 
ploy the  language  of  metaphor.  The  abettors  of  the 
Leibnitzian  meafure  of  moving  forces,  or  perhaps,  to 
fpeak  more  properly,  the  abettors  of  the  Leibnitzian 
meafure  of  that  force  which  is  fuppofed  to  preferve  bo- 
dies in  their  condition  of  motion — infift,  that  the  force 
which  is  exerted  in  producing  any  change  of  motion  is 
greater  in  proportion  as  the  motion  changed  is  greater  : 
and  they  give  a very  fpecious  argument  for  their  affer- 
tion.  They  appeal  to  the  exertions  which  we  our- 
felves  make.  Here  we  are  confcious  of  the  fadl.  Then 
they  give  fimilar  examples  of  the  action  of  bodies.  A 
clay  ball,  moving  fix  feet  per  fecond,  will  make  the  ad- 
dition of  one  foot  to  tho  velocity  of  an  equal  clay  ball 
that  is  already  moving  four  feet  per  fecond  in  the  fame 
dircflion.  But  if  this  laft  ball  be  already  moving  ten 
feet  per  fecond,  we  muff  follow  it  wnth  a velocity  of 
twelve  feet  in  order  to  increafe  its  velocity  one  foot. 
But,  without  infilling  on  the  numberlefs  paralogifms 
and  inconfiftencies  which  this  way  of  conceiving  the 
matter  would  lead  us  into,  it  fuffices  to  obferve,  that 
the  phenomena  give  us  abundant  affurance  that  there 
has  been  the  fame  exertion  in  both  thefe  cafes.  This 
acceleration  is  always  accompanied  by  a comprelfion  of 
the  balls,  and  the  comprelfion  is  the  fame  in  both.  This 
comprelfion  is  a very  good  'meafure  of  the  force  em- 
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ployed  to  produce  it  ; and  In  the  prefent  cafe,  we  need  SecondLa« 
not  even  trouble  ourfelves  with  any  rule  for  its  meafure-  ^ Motion, 
ment ; for  furely  when  the  compreffion  Is  not  different, 
but  the  fame,  the  force  exerted  is  the  fame.  This  is 
farther  confirmed  by  obferving,  that  it  requires  the  fame 
force  to  make  the  fame  pit,  or  to  give  the  fame  mo- 
tion, to  a piece  of  clay,  lying  on  the  table  of  a Ihip’s 
cabin,  whether  the  Ihip  be  lading  two  miles  or  ten  miles 
per  hour. 

Thus  we  fee  that  there  are  llrong  reafons  for  bellev- 
ing,  that  the  exertions  of  preffure  in  producing  motion, 
or  that  the  preffures  aiiuaUy  exerted^  are  proportional  to 
the  changes  of  motion  obferved,  and  that  they  coincide 
in  this  refpedt  with  our  abllradt  conceptions  of  moving 
forces. 

But  we  have  Hill  better  arguments.  None  of  the 
Leibnitzians  think  of  denying  the  equal  exertions  of 
gravity,  or  of  any  of  thofe  powers  which  they  call  foli- 
citations  or  accehratlng  forces.  They  all  admit,  that 
gravity,  or  any  conllant  accelerating  force,  produces 
equal  increments  of  velocity  in  equal  times,  and  that  a 
double  gravity  w'lll  produce  a double  increment  in  an 
equal  time,  and  an  equal  increment  in  half  of  the  time  ; 
and  that  a quadruple  gravity  will  produce  a double  ve- 
locity in  half  the  time.  All  thefe  things  are  granted 
by  them,  and  their  writings  are  full  of  reafonings  from 
this  principle.  Now  from  the  faft,  acknowledged  by 
the  Leibnitzians,  that  the  quadruple  force  of  a bow 
gives  a double  velocity  to  the  arrow,  in  every  inflant 
of  its  adlion,  it  indifputably  follows,  that  it  has  adted 
on  it  only  for  half  the  time  of  the  adion  of  the  four 
times  weaker  bow,  which  gives  the  arrow  only  half  the 
velocity  ; and  thus  has  the  difcrepancy  between  the  ef- 
fects of  preffures  and  of  our  abftrad  moving  forces  en- 
tirely difappeared.  For  this  circuroftance  of  the  diffe- 
rence in  the  time  of  adling  will  be  found,  on  ftrid  ex- 
amination, in  all  the  cafes  of  the  change  of  motion  by 
preffures  which  we  meafure  by  their  effects  on  a body 
at  reft.  When  this,  and  the  appreciable  changes  of  ac- 
tual preffure,  during  the  time  of  producing  the  motion, 
are  taken  into  confideration,  all  difference  vanifties,  and 
the  compofition  of  preffures  is  in  perfect  harmony  with 
the  compofition  of  motions,  or  of  abftradt  moving  for- 
ces. Dynaimcs  is  thus  made  a demonftrative  fcience, 
and  affords  the  opportunity  of  inveftigating,  by  obfer- 
vation  and  experiment,  the  nature  of  thofe  mechanical 
powers  which  refide  in  bodies,  and  which  appear  to 
us  under  the  form  of  preffure,  inducing  us  to  confider 
preffure  as  a caufe  of  motion. 

In  this,  however,  we  are  rather  inaccurate.  Preffure 
Is  one  of  the  fenfible  effects  of  that  property  which  is 
alfo  the  caufe  of  motion.  It  is  not  the  preffure  of  a 
piece  of  lead,  but  its  heavinefs,  that  is  the  reafon  that 
it  gives  motion  to  a kitchen  jack.  Preffure  is  merely 
a generic  name,  borrowed  from  a familiar  inftance,  and 
given  to  moving  forces,  which  have  the  fame  nature, 
but  different  names  that  ferve  to  mark  their  connedion 
with  certain  fubftances,  In  which  they  may  be  fuppofed 
to  refide.  Natural  philofophy  is  almoft  entirely  em- 
ployed in  examining  the  nature  of  thefe  various  pref- 
fures or  accelerative  forces  ; and  the  general  dodrines 
of  dynamics,  by  afcertaining  what  is  common  to  them 
all,  enable  us  to  mark  with  precifion  what  is  charader- 
iftic  of  each. 

We  have  now  advanced  very  far  in  this  inveftigation ; General  co-  ■ 

for  roUariefc 


53 


DYNAMICS. 


6oi 


54 


55 


56 


57 


gecendLaw  for  we  have  obtained  the  criterion  by  which  we  learn 
Motion,  the  diredtion  and  the  magnitude  of  every  changing 
force  : and,  on  the  other  hand,  we  fee  how  to  date 
what  will  be  the  effedt  of  the  exertion  of  any  force 
that  is  known  or  fufpedted  to  adt.  All  this  we  learn  by 
the  compofition  of  forces  ; and  the  greated  part  of  me- 
chanical difqaifition  confifts  in  the  application  of  this 
dodlrine.  Forfuch  reafons  it  merits  minute  confider- 
ation  ; and  therefore  we  muft  point  out  fome  general 
conclufions  from  the  properties  of  figure,  which  will 
greatly  facilitate  the  ufe  of  the  parallelogram  of  forces. 

1.  The  conftituent  and  the  refulting  forces,  or  the 
fimple  and  compound  forces,  adf  in  the  fame  plane  ; for 
the  fides  and  diagonal  of  a parallelogram  are  in  one 
plane. 

2.  Tlie  fimple  and  the  compound  forces  are  propor- 
tional to  the  fides  of  any  triangle  which  are  parallel  to 
their  diredtions.  For  if  any  three  lines,  ab,  bd,  ad,  be 
drawn  parallel  to  AB,  AC,  and  AD  (fig.  7,  n°  2.), 
they  will  form  a triangle  fimilar  to  the  triangle  ABD. 
For  the  fame  reafons  they  are  proportional  to  the  fides 
of  a triangle  a'b'd,  which  are  refpedtively  perpendicular 
to  their  diredtions. 

3.  Therefore  each  is  proportional  to  the  fine  of  the 
oppofite  angle  of  this  triangle  ; for  the  fides  of  any  tri- 
angle are  proportional  to  the  fines  of  the  oppofite 
angles. 

4.  Each  is  proportional  to  the  fine  of  the  angle  con- 
tained by  the  diredtions  of  the  other  two  ; for  AD  is 
to  AB  as  the  fine  of  the  angle  ABD  to  the  fine  of 
the  angle  ADB.  Now  the  fine  of  ABD  is  the  fame 
with  the  fine  of  BAG  contained  between  the  diredtions 
AB  and  AC,  and  the  fine  of  ADB  is  the  fame  with 
the  fine  of  CAD  ; alfo  AB  is  to  AC,  or  BD,  as  the 
fine  of  ADB  (or  CAD)  to  the  fine  of  BAD. 

We  now  proceed  to  the  application  of  this  funda- 
cial  ufes  of  mental  propofition.  And  we  cbferve,  in  the  firft  place, 
the  paral-  fince  AD  may  be  the  diagonal  of  an  indefinite 

forces^™  “ number  of  parallelograms,  the  motion  or  the  pre/fure 
AD  may  refult  from  the  joint  adtion  of  many  pairs  of 
forces.  It  may  be  produced  by  forces  which  would 
feparately  produce  the  motions  AF  and  AG.  This 
generally  gives  us  the  means  of  difcovering  the  forces 
which  concur  in  its  produdlion.  If  one  of  them,  AB, 
is  known  in  diredlion  and  iiitenfity,  the  dirediion  AC, 
parallel  to  BD,  and  the  intenfity,  are  difcovered.  Some- 
times we  know  the  diredtions  of  both.  Then,  by 
drawing  the  parallelogram  or  triangle,  we  learn  their 
proportions.  The  force  which  defl°dts  any  motion 
AB  into  a motion  AD,  is  bad  by  fimply  drawing  a 
line  from  the  point  B (to  which  the  body  would  have 
moved  from  A,  in  the  time  of  really  moving  from  A to 
D)  to  the  point  D.  The  defledling  force  is  fuch  as  would 
have  caufed  the  body  move  from  B to  D in  the  fame 
time.  And,  in  the  fame  manner,  we  get  the  compound 
motion  AD,  which  arifes  from  any  two  fimple  motions 
AB  and  AC,  by  fuppofmg  both  of  the  motions  to  be 
aecompliflied  in  fucceffion.  The  final  place  of  the  bo- 
dy is  the  fame,  whether  it  moves  along  AD  or  along 
AB  and  BD  in  fuccedion. 

This  theorem  is  not  limited  to  the  compofitlon  of 
two  motions  or  two  forces  only  ; for  fince  the  combi- 
ned adtion  of  two  forces  puts  the  body  into  the  fame 
ftate  as  if  their  equivalent  alone  had  adted  on  it,  we 
jnay  fuppofe  this  to  have  been  the  cafe,  and  then 
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the  adtion  of  a third  force  will  produce  a change  on  SecondLaw 
this  equivalent  motion.  The  refulting  motion  will  be  Motion, 
the  fame  as  if  only  this  third  force  and  the  equivalent 
of  the  other  two  had  adted  on  the  body.  Thus,  in 
fig.  8.  the  three  forces  AB,  AC,  AE,  may  adl  at  once  PlateXXII. 
on  a particle  of  matter.  Complete  the  parallelogram 
ABDC;  the  diagonal  AD  is  the  force  which  is  ge- 
nerated by  AB  and  AC.  Complete  the  parallelogram 
AEFD  ; the  diagonal  AF  is  the  force  refulting  from 
the  combined  adtion  of  the  forces  AB,  AC,  and  AE. 

In  like  manner,  completing  the  parallelogram  AGHF, 
the  diagonal  AH  is  the  force  refulting  from  the  com- 
bined adtion  of  AB,  AC,  AE,  and  AG,  and  fo  on  of 
any  number  of  forces. 

This  refulting  force  and  the  refulting  motion  may 
be  much  more  expeditioufly  determined,  in  any  degree 
of  compofition,  by  drawing  lines  in  the  proportion  and 
diredlion  of  the  forces  in  fucceffion,  each  from  the  end 
of  the  preceding.  Thus,  draw  AB,  BD,  DF,  FH, 
and  join  AH  ; AH  is  the  refulting  force.  The  de- 
monltration  is  evident. 

It  is  to  be  noticed  here,  that  in  the  compofition  of  60 
more  than  two  forces,  we  are  not  limited  to  one  plane. 

The  force  AD  is  in  the  fame  plane  with  AB  and  AC  ; 
but  AE  may  be  elevated  above  this  plane,  and  AG  may 
lead  below  it.  AF  is  in  the  plane  of  AD  and  AE, 
and  AH  is  in  the  plane  of  AF  and  AG. 

Complete  the  parallelograms  ABLE,  ACKE, 

ELFK.  It  Is  evident  that  ABLFKCD  is  a paral- 
lelepiped, and  that  AF  is  one  of  its  diagonals.  Hence 
we  derive  a more  general  theorem  of  great  ufe. 

Three  forces  having  the  proportion  and  direElion  of  the 

three  fides  of  a parallelepiped,  compofe  a force  having 

the  proportion  and  direction  of  the  diagonal.  gj 

Any  number  of  forces  ading  together  on  one  par-  One  force 
tide  of  matter  are  balanced  by  a force  that  is  equal  and  may  ba- 
oppofite  to  their  refulting  force  5 for  this  force  would  ba-  many 
lance  their  refulting  force  which  is  equivalent  to  them  in 
adion.  When  this  is  duly  confidered,  we  perceive  that 
each  force  is  then  In  equilibrio  with  the  equivalent  of  all 
the  others ; for  a force  can  balance  only  what  is  equal 
and  oppofite  to  it.  It  appears  very  readily  by  the  geome-. 
trical  conftrudion.  If,  inftead  of  the  circuit  A,  B, 

D,  F,  H,  we  take  B,  D,  F,  H,  A,  we  have  BA  for 
the  equivalent  of  the  forces  AC,  AE,  AG  ; but  AB 
is  equal  and  oppofite  to  BA.  Therefore  the  force  AB 
is  in  equilibrio  with  the  equivalent  ot  all  the  others. 

When  any  number  of  forces  ad  on  one  particle  of  6a 
matter,  and  are  in  equilibrio,  if  they  be  confidered  as 
ading  in  parcels,  the  equivalents  of  thefe  parcels  are  in 
equilibrio  : for  let  the  forces  AB,  AC,  AE,  AG,  Ah, 
be  in  equilibrio,  and  let  them  be  confidered  in  the  two 
parcels  AB,  AC,  and  AE,  AG,  Ah  ; then  A.D  is  the 
equivalent  of  AB,  BD  (or  AC),  and  DA  is  the  equi- 
valent of  DF,  FH,  HA  (or  A h)  : now  AD  and  DA 
balance  each  other.  This  corrollary  enables  us  to  fim- 
plify  many  intricate  complications  of  force  ; it  alfo  ena- 
bles us  to  draw  accurate  conclufions  from  very  imper- 
fed  obfervations.  In  moft  of  our  pradical  difeuffions 
we  know,  or  at  lead  we  attend  to,  a part  only  of  the 
forces  which  are  ading  on  a material  particle;  and  in 
fuch  cafes  we  reafon  as  if  we  faw  the  whole  ; yet  is  our 
mathematical  reafoning  good  with  refped  to  the  equi- 
valent of  all  the  parcels  which  we  are  contemplating, 
and  the  equivalents  of  the  fmaller  parcels  of  which  it 
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confifts  ; and  the  neglecfed  force,  or  parcel  of  forces, 
induces  no  error  on  our  conclufions. 

In  thefpontaneous  phenomena  of  nature,  the  Invefti- 
gation  and  difcovery  of  our  ultimate  objedt  of  fearch  is 
frequently  very  difficult,  on  account  of  the  multiplicity 
of  diredtions  and  intenfities  of  the  operating  forces  or 
motions.  We  may  generally  facilitate  the  procefs,  by 
fubftituting  equivalent  forces  or  motions  adting  in  con- 
venient diredlions.  It  is  in  this  way  that  the  naviga- 
tor computes  the  fhip’s  place  with  very  little  trouble, 
by  fubftituting  equivalent  motions  in  the  meridional 
and  equatorial  diredlions  for  the  real  oblique  courfes  of 
the  fhip.  Inftead  of  felting  down  ten  miles  on  a 
courfe,  S.  36.  52.  W.  he  fuppofes  that  the  ffiip  has 
failed  eight  miles  due  fouth,  and  fix  miles  due  weft, 
which  brings  her  near  to  the  fame  place.  Then,  in- 
ftead of  fourteen  miles  fouth-weft,  he  fets  down  ten 
miles  fouth  and  ten  miles  weft  ; and  he  proceeds  in  the 
fame  way  for  every  other  courfe  and  diftance.  He 
does  this  expeditloufly  by  means  of  a traverfe  table,  in 
which  are  ready  calculated  the  meridional  and  equato- 
real  Tides  of  right  angled  triangles,  correfponding  to 
every  courfe  and  diftance.  Having  done  this  for  the 
courfe  of  a whole  day,  he  adds  all  the  fouthings  into 
one  fum,  and  all  the  weftings  into  another:  he  confiders 
thefe  as  forming  the  fides  of  a right  angled  triangle  ; 
he  looks  for  them,  paired  together,  In  his  traverfe  ta- 
ble, and  then  notices  what  angle  and  what  diftance  cor- 
refpoiids  to  this  pair.  This  gives  him  the  pofition  and 
magnitude  of  the  ftraight  line  joining  the  beginning  and 
end  of  his  day’s  work. 

The  miner  proceeds  in  the  fame  way  when  he  takes 
the  plan  of  fubterraneous  workings,  meafuring,  as  he 
goes  along,  and  noticing  the  bearing  of  each  line  by 
the  compafs,  and  fetting  down,  from  his  traverfe  ta- 
ble, the  northing  or  fouthing,  and  the  eafting  or  wefting, 
for  each  oblique  line  ; but  there  is  another  circumftance 
which  he  muft  attend  to,  namely,  the  Hope  of  the  va- 
rious drifts,  galleries,  and  other  workings.  This  he 
does  by  noting  the  rife  or  the  dip  of  each  floping  line. 
He  adds  all  thefe  into  two  Turns,  and  taking  the  rifings 
from  the  dips,  he  obtains  the  whole  dip.  Thus  he 
learns  how  far  the  workings  proceed  to  the  noth,  how 
far  to  the  eaft,  and  how  far  to  the  dip. 

The  refledting  reader  will  perceive  that  the  line  join- 
ing the  two  extremities  of  this  progrefflon  will  form 
the  diagoaal  of  a redtangular  parallelepiped ; one  of 
whofe  fides  lies  north  and  fouth,  the  other  lies  eaft  and 
weft,  and  the  third  is  right  up  and  down. 

The  mechanician  proceeds  in  the  very  fame  way  in 
the  inveftigation  of  the  very  complicated  phenomena 
which  frequently  engage  his  attention.  He  confiders 
every  motion  as  compounded  of  three  motions  in  fome 
convenient  directions,  at  right  angles  to  each  other. 
He  alfo  confiders  every  force  as  refulting  from  the 
joint  action  of  three  forces,  at  right  angles  to  each 
other,  and  takes  the  fum  or  difference  of  thefe  in  the 
fame  or  oppofite  directions.  From  this  procefs  he  ob- 
tains the  three  Tides  of  a parallelepiped,  and  from  thefe 
computes  the  pofition  and  magnitude  of  the  diagonal. 
This  is  the  motion  or  force  refulting  from  the  compofi- 
tion  of  all  the  partial  ones. 

This  procedure  is  called  the  Estimation  or  Re- 
duction of  motions  and  forces. 

A motion  or  force  AB  (fig.  9.)  is  faid  to  be  ejii. 


mated  in  the  direction  EF,  or  to  be  reduced  to  this  di-  Second!, at 
reCtion  when  it  is  conceived  as  compounded  of  the  mo-  Motion 
tions  or  forces  AC,  AD,  one  of  which  AC  is  paral- 
lei  to  EF,  and  the  other  AD  is  perpendicular  to  it.  a given  di 
This  expreffion  is  abundantly  fignificant ; for  it  Is  plain  reftion, 
that  the  motion  AD  neither  promotes  nor  hinders  the 
progrefs  along  EF,  and  that  AC  exprefles  the  whole 
progrefs  in  this  direction. 

In  like  mannar,  a force  AB  (fig.  10.)  is  faid  to  be  Or  a give) ! 
ejlimated  in  or  reduced  tOy  a given  plane  EFGH,  when  plane.  ' 

it  is  conceived  as  refulting  from  the  joint  aCtion  of  two  1 

forces  AC,  AD,  one  of  which  is  parallel  to  a line 
a b drawn  in  that  plane,  and  the  other  AD  is  perpen- 
dicular to  it.  The  pofition  of  die  line  a b \s  determined 
by  letting  fall  B b perpendicular  to  the  plane,  and  draw- 
ing i P to  the  point  P,  In  which  BA  meets  the  plane ; 
then  A a being  drawn  parallel  to  B b,  will  cut  off  i a, 
which  is  the  reduction  of  the  motion  AB  to  the  plane. 

Drawing  AC  parallel  to  a by  and  completing  the  paral- 
lelogram ACBD,  it  is  evident  that  the  motion  AB  is 
equivalent  to  AD  and  AC,  which  is  parallel  to  a by 
and  the  three  forces  AB,  AC,  AD,  are,  as  they  ffiould 
be,  in  one  plane  perpendicular  to  the  plane  EG.  ,, 

If  three  forces  AB,  AC,  AD  (fig.  ii.),  are  in  Equjjjjjjf, 
equilibrio,  and  are  reduced  to  any  one  direction  J A /,  um  offer- 
er to  one  plane  EFGH,  the  reduced  forces  are  alfo  ces  fo  ef- 
in  equilibrio.  timated  0* 

Fitjly  Let  them  be  reduced  to  one  direction  <// by 
drawing  the  perpendiculars  B C c,  D make  AL 
equal  to  AD,  and  join  BL,  CL,  and  draw  the  perpen- 
diculars L /,  C r ; then,  becaufe  the  forces  AB,  AC, 

AD,  are  in  equilibrio,  ABLC  muft  be  a parallelogram, 
and  AL  is  the  force  equivalent  to  AB  and  AC  com- 
bined ; then,  becaufe  the  lines  D dy  B 3,  C r,  L /,  are 
parallel,  A is  equal  to  A.  /,  and  A ^ to  C 0,  or  to  c / j 
therefore  A / Is  equal  to  the  fum  of  A ^ and  A c,  which 
are  the  reductions  of  AB  and  AC  ; therefore  J A is 
equal  to  the  fame  fum,  and  in  equilibrio  with  them. 

Secondlyy  Let  them  be  reduced  to  one  plane  EFGH, 
and  let  «»,  acf',  be  the  reduced  forces.  The  lines  Dc/*, 

A «,  B C L X,  are  all  parallel,  being  perpendicu- 
lar to  the  plane  ; therefore  the  planes  AB  and  C L x» 
are  parallel,  and  a^,  » x,  are  parallel.  For  fimilar  rea- 
fons  X,  a X,  are  parallel ; therefore  is  a paralMo- 
gram.  Alfo,  becaufe  the  lines  D <^,  A a,  L x,  are  pa- 
rallel, and  DA  is  equal  to  AL ; therefore  J* « is  equal 
to  a X.  But  becaufe  ajSx»  is  a parallelogram,  the  forces 
a a X,  are  equivalent  to  a,  x;  and  a efis  equal  and 
oppofite  to  a X,  and  will  balance  it ; and  therefore  will 
balance  a ^ and  a »,  which  are  the  reductions  of  AB 
and  AC  to  the  plane  EFGH,  while  a J'  is  the  re- 
duction of  AD ; therefore  the  propofition  is  demon- 
ftrated. 

The  moft  ufual  and  the  moft  ufeful  mode  of  reduc-  The  mofl 
tion,  is  to  eftimate  all  forces  in  the  directions  of  three  ufefulmode 
lines  drawn  from  one  point,  at  right  angles  to  each  reduc- 
, other,  like  the  three  plane  angles  of  a rectangular  cheft, 
forming  the  length,  the  breadth,  and  the  depth  of  the 
eheft.  Thefe  are  commonly  called  the  three  co-ordi- 
nates. The  refulting  force  will  be  the  diagonal  of  this 
parallelepiped.  This  procefs  occurs  In  all  difquifitions 
in  which  the  mutual  aCtion  of  folids  and  fluids  is  con- 
fidered,  and  when  the  ofcillation  or  rotation  of  detach- 
ed free  bodies  is  the  fubjeCt  of  difeuflion. 

The  only  other  general  theorem  that  remains  to  be 
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deduced  from  this  law  of  motion  is,  that  if  a number 
of  bodies  are  moving  in  any  manner  whatever,  and  an 
equal  force  a6l  on  every  particle  of  matter  in  the  fame 
or  parallel  dirciflions,  their  relative  motions  will  fuffer 
no  change;  for  the  motion  of  any  body  A (fig.  12.), 
relative  to  another  body  B;  which  is  alfo  in  motion,  is 
compounded  of  the  real  motion  of  A,  and  the  oppofite 
to  the  real  motion  of  B ; for  let  A move  uniformly 
from  A to  C,  while  B defcribes  BD  uniformly,  draw 
AB,  alfo  draw  AE  equal  and  parallel  to  BD,  join  EC, 
DC,  ED.  The  motion  of  A,  relative  to  B,  confifis 
in  its  change  of  pofition  and  diftance.  Had  A defcri- 
bed  AE,  while  B defcribed  BD,  there  would  have 
been  no  change  of  relative  place  or  difiance  ; but  A is 
nov.r  at  C,  and  DC  is  its  new  diredion  and  diftance. 
The  relative  or  apparent  motion  of  A therefore  is  EC. 
Complete  the  parallelogram  ACFE ; it  is  plain  that  the 
motion  EC  is  compounded  of  EF,  which  is  equal  and 
parallel  to  AC,  the  real  motion  of  A,  and  of  EA,  the 
equal  and  oppofite  to  BD,  the  real  motion  of  B. 

Now  let  the  motions  of  A and  B I'uftain  the  fame 
change;  let  the  equal  and  parallel  motions  AG,  BH, 
be  compounded  with  the  motions  AC  and  BD  ; or  let 
forces  ad  at  once  on  A and  B,  in  the  parallel  diredions 
AG,  BH,  and  with  equal  intenfities ; in  either  fuppo- 
fition,  the  refulting  motions  will  be  A r,  B cl,  the  dia- 
gonals of  the  parallelograms  A G r C,  and  B H D. 
Conftrud  the  figure  as  before,  and  we  fee  that  the  re- 
lative motion  is  now  e c,  and  that  it  is  the  fame  with 
EC  both  in  refped  of  magnitude  and  pofition. 

Here  we  ftill  fee  the  conftant  analogy  between  the 
coinpofitlon  of  motions  and  the  compofition  of  forces. 
In  the  firft  cafe,  the  relative  motions  of  things  are  not 
changed,  whatever  common  motion  be  compounded 
with  them  all ; or,  as  it  is  ufually,  but  inaccurately, 
expreffed,  although  the  fpace  in  which  they  move  be 
carried  along  with  any  motion  whatever.  In  the  fe 
cond  cafe,  the  relative  motions  and  adions  are  not 
changed  by  any  external  force,  however  great,  when 
equally  exerted  on  every  particle  in  parallel  diredions. 

Thus  it  is  that  the  evolutions  of  a fleet  in  a uniform 
current  are  the  fame,  and  produced  by  the  fame  means, 
as  in  ftill  water.  Thus  it  is  that  we  walk  about  on  the 
furface  of  this  globe  in  the  fame  manner  as  if  it  neither 
revolved  round  the  fun,  nor  turned  round  its  axis. 
Thus  it  is  that  the  fame  Itrcngch  of  a bow  will  commu- 
nicate a certain  velocity  to  an  arrow,  whether  it  is  lliot 
eaft,  or  weft,  or  north,  or  fnutb.  Thus  it  is  that  the 
mutual  adions  of  fublunary  bodies  are  the  fame, 
in  whatever  diredions  they  are  exerted,  and  notwith- 
ftanding  the  very  great  changes  in  their  velocities  by 
reafon  of  the  earth’s  rotation  and  orbital  revolution. 
The  real  velocity  of  a body  on  the  earth’s  equator  is 
about  3000  feet  per  fecond  greater  at  midnight  than  at 
midday.  For  at  midnight  the  motion  of  rotation  near- 
ly confpires  with  the  orbital  motion,  and  at  midday  it 
nearly  oppofes  it.  The  difference  between  the  veloci- 
ties at  the  beginning  of  January  and  the  beginning  of 
July  is  vaftly  greater.  And  at  other  times  of  the  day, 
and  other  feafuns  of  the  year,  both  motions  of  the 
earth  are  tranfverfely  compounded  with  the  eafterly  or 
wefterly  motion  of  an  arrow  or  cannon  bullet.  Yet 
we  can  obferve  no  change  in  the  effeds  of  the  mutual 
adions  of  bodies. 

This  is  an  important  obfervation ; becaufe  it  proves 


603 


that  forces  are  to  be  meallired  by  no  other  fcale  than  SecondLaw 
by  the  motions  which  they  produce.  We  have  had  re-  Motion 
peated  occafions  to  mention  the  very  different  eftima-  53 
tion  of  moving  forces  by  Mr  Leibnitz  ; and  have  (hewn  ThlsafFords 
how,  by  a very  partial  confideration  of  the  adion  of  a demon- 
thofe  natural  powers  called  preffures,  he  has  attempted 
to  prove,  that  moving  forces  are  proportional  to  the  tio^naUt^°of 
fquares  of  the  velocities  ; and  we  fhewed  briefly,  in  what  moving 
manner  a right  confideration  of  what  palTes  when  mo  forces  to 
tion  is  produced  by  meafurable  preffures,  proves  that  the  motions 
the  forces  really  exerted  are  as  the  velocities  produced,  produced 
But  the  moft  copious  proof  is  had  from  the  prefent  ob-  them, 
fervation,  that,  in  fad,  the  mutual  adions  of  bodies  de- 
pend on  their  relative  motions  alone.  5^ 

The  Leibnitzian  meafure  of  moving  force  is  altoge-  And  is  in- 
ther  incompatible  with  the  univerfal  fad  now  mention-  compatible 
ed,  ’vi'z.  that  the  relative  motions  of  bodies,  refuUing  ^''^th  their 
from  their  mutual  adions,  are  not  affeded  by  any  com- 
mon  motion,  or  the  adion  or  any  equal  and  parallel  fquares  of 
force  on  both  bodies  ; for  this  univerfal  fad  imports,  thofe  mo- 
that  when  two  bodies  are  moving  with  equal  velo'cities  tions. 
in  the  fame  diredion,  a force  applied  to  one  of  them, 
fo  as  to  increafe  its  velocity,  gives  it  the  fame  motion 
relative  to  the  other,  as  if  both  bodies  had  been  at  reft. 

Here  it  is  plain,  that  the  fpace  defcribed  by  the  body 
in  confequence  of  the  primitive  force,  and  of  the  force 
now  added,  is  the  fum  of  the  fpaces  vi'hich  each  of  them 
would  generate  in  a body  at  reft.  Therefore  the  forces 
are  proportional  to  the  velocities  or  changes  of  motion 
which  they  produce,  and  not  to  the  fquares  of  thofe  ve- 
locities. This  meafure  of  forces,  or  the  pofition  that 
a force  makes  the  fame  change  on  any  velocity  what- 
ever, and  the  independence  of  the  relative  motions  on 
any  motion  that  is  the  fame  on  all  the  bodies  of  a fyf- 
tem,  are  counterparts  of  each  other.  Since  this  inde- 
pendence is  a matter  of  obfervation  in  all  terreftrial  bo- 
dies, we  are  inticled  to  fay,  that  the  powers  which  the 
Author  of  Nature  has  imparted  to  natural  bodies  are 
no  way  different  from  what  are  competent  to  matter 
once  called  into  exiftence.  And  it  alfo  follows  from 
this,  that  we  muft  always  remain  ignorant  of  the  abfo- 
lute  motions  of  bodies.  The  faff,  that  it  has  required 
the  unremitted  ftudy  of  ages  to  difeover  even  the  rela- 
tive motions  of  our  folar  fyftem,  is  an  argument  to 
prove  that  the  influence  of  this  mechanical  principle 
extends  far  beyond  the  limits  of  this  fublunary  world  ; 
nor  has  any  phenomenon  yet  been  exhibited  which 
fhould  lead  us  to  imagine  that  it  is  not  univerfal. 

When  we  have  made  ufe  of  thefe  arguments  with  SoBernouI- 
fome  zealous  parcizans  o*^^  Mr  Leibnitz’s  doffrine,  they  h’*  ddence 
have  aniwered,  that  if  indeed  this  independence  of  the 
relative  motions  of  terreftrial  bodies  were  obferved  to 
obtain  exaffly,  it  would  be  a conclufive  argument,  force. 

But  the  motion  with  which  all  is  can-ied  along  is  fo 
great  in  c )mparifnn  with  the  motions  which  we  can 
produce  in  our  experiments,  that  the  fmall  additions  or 
diminutions  that  we  can  make  to  the  velocity  of  this 
common  motion  muft  obferve  very  nearly  the  propor- 
tions of  the  additions  or  diminutions  of  their  fquares. 

Tlie  differences  of  the  fquares  of  2,  3,  and  4,  are  very 
unequal  ; but  the  differences  of  the  fquares  of  9,  10,  1 1, 
are  much  nearer  to  the  ratio  of  equality  ; and  the 
differences  of  the  fquares  of  1 000001,  1000002, 

1000003,  do  not  fenfibly  deviate  from  this  ratio.  But  it 
is  not  faff  that  we  cannot  produce  motions  which  have  a 

very 
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SecondLaw  very  fenfible  proportion  to  the  common  motion.  The 
motion  of  a cannon  ball,  difcharged  with  one-third 
of  its  weight  of  powder,  is  nearly  equal  to  that  of 
the  rotation  of  the  earth's  equator.  When,  there- 
fore, we  difcharge  the  ball  eaftward,  we  double  its  mo- 
tion ; when  to  the  weftward,  we  deftroy  it.  There- 
fore, according  to  Leibnitz,  the  a6Hon  in  the  firft  cafe 
is  three  times  the  adlion  in  the  fecond.  In  the  firft 
cafe  it  changes  the  fquare  of  the  velocity  (which  we 
may  call  i ) from  i to  4 ; and,  in  the  fecond,  it  changes 
it  from  I to  o.  But  fay  the  Leibnitzians,  the  velocity 
of  rotation  is  but  -yy  of  the  orbital  velocity  of  the  earth, 
and  our  obfervations  of  the  velocities  of  cannon  bullets 
are  not  fufficiently  exadt  to  enfure  us  againft  an  error 
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But  the  later  obfervations  on  the  peculiar 


motions  of  the  fixed  ftars  concur  in  fiiewlng,  that  the 
fun,  with  his  attending  planets,  are  carried  along  with 
a very  great  motion,  which,  in  all  probability,  has  a 
fenfible  ratio  to  the  orbital  motion  of  the  earth.  This 
mu  ft  make  a prodigious  change  on  the  earth’s  abfolute 
motion,  according  as  her  orbital  motion  confpires  with, 
oppofes,  or  erodes,  this  other  motion:  the  earth  may 
even  be  at  abfolute  reft  in  fome  points  of  its  orbit. 
Thus  will  the  compofition  with  the  motions  produced 
in  our  experiments  be  fo  varied,  that  cafes  muft  occur 
when  the  difference  of  the  refults  of  the  two  meafures 
of  force  will  be  very  fenfible. 

But,  farther,  they  have  not  attended  to  the  agree- 
ment of  our  experiments,  when  the  difeharges  of  can- 
non are  made  in  a diredlion  tranfverfe  to  that  of  .the 
common  motion.  Here  the  immenfity  of  the  common 
motion,  and  the  minutenefs  of  our  experimental  veloci- 
ties, can  have  no  effedl  in  dirainilhing  tiie  difference  of 
the  refults  of  the  two  dodlrines.  This  v/!ll  appear  dif- 
tindly  to  every  reader  who  is  much  converfant  in  dif- 
quificions  of  this  kind  : and  it  is  in  ihefe  more  mode- 
rate motions  that  the  complete  independence  of  the  re- 
lative motions  on  the  common  motions  moft  accurately 
appears.  Pendulum  clocks  and  watches  have  been  of- 
ten executed  which  do  not  deviate  from  perfed:  equabi- 
lity of  motion  one  part  in  86400.  This  could  not  be  ob- 
tained in  all  diredions  of  the  ofcillations,if  the  forces  de- 
viated from  the  ratio  of  the  velocities  one  part  in  86400. 

On  the  whole,  we  may  confider  it  as  eftabliftied  on  the 
fureft  foundation,  that  the  adion  of  thofe  powers  of  na- 
tural bodies  which  we  call  pre(fures,  fuel)  as  the  force 
of  fprings,  the  exertions  of  animals,  the  cohefion  of  bo- 
dies, as  well  as  the  adtion  of  thofe  other  incitements  to 
motion  which  we  call  attraBions  and  repulftons^  fuch  as 
gravitation,  magnetifm  and  eledtricity — is  proportional 
to  the  change  of  velocity  produced  by  it.  And  we 
muft  obferve  here,  that  this  is  not  a mere  mode  of  con- 
ception, the  refultof  the  laws  of  human  thought,  which 
cannot  conceive  a natural  power  as  the  caufe  of  motion 
otherwife  than  by  its  producing  motion,  and  which 
cannot  conceive  any  degree  of  moving  power  different 
from  the  degree  of  the  motion.  This  is  the  abftradl; 
dodlrlne,  and  is  true  whether  the  preffures  are  propor- 
tional to  the  velocities,  or  to  the  fquares  of  the  veloci- 
ties. But  we  fee  farther,  that  whatever  is  the  preffure 
of  a fpring  (for  example)  on  aquiefeent  body,  yet  the 
preffure  adtually  exerted  in  producing  a double  velocity 
is  only  double  and  not  quadruple  as  our  firft  imperfe<ft 
obfervations  make  us  imagine. 

Sir  Ifaac  Newton  has  added  another  propofition  to 
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the  number  of  laws  of  motion,  namely,  that  every  ac-  7* 
tion  is  accompanied  ly  an  equal  and  contrary  reaBion.  * 

But  in  affirming  this  to  be  a law  of  nature,  he  only  ,notion'i»° 
means  that  it  is  an  univerfal  fadl ; and  he  makes  this  founded  01 
affirmation  on  the  authority  of  what  he  conceives  to  experience 
be  a law  of  human  thought ; namely,  that  thofe  qua-  alone,  and 
lities  which  we  find  in  all  bodies  on  which  we  can  make  ® 
experiments  and  obfervations  are  to  be  confidered  as 
univerfal  qualities  of  body.  But  we  have  limited  the 
term  law  of  motion  to  thofe  confequences  that  necef- 
farily  flow  from  our  notions  of  motion,  of  the  caufes 
of  its  produftion  and  charges.  Now  this  third  New- 
tonian propofition  is  not  fucli  a refult.  A magnet  is 
faid  to  adf  on  a piece  of  iron  when,  and  only  when, 
the  vicinity  of  the  magnet  is  obferved  to  be  accompa- 
nied by  certain  motions  of  the  iron.  But  it  by  no 
means  follows  from  this  obfervation,  that  the  prefence 
of  the  iron  ffiall  be  accompanied  by  an»y  motion,  or  any 
change  of  ftate  whatever  of  the  magnet,  or  any  ap- 
pearance that  can  fuggeft  the  notion  that  the  iron  ads 
on  the  magnet.  When  this  was  obferved,  it  was  ac-  ^ 

counted  a difeovery.  Newton  difeovered,  that  the  fun 
ads  on  the  planets,  and  that  the  earth  ads  on  the 
moon  ; and  Kepler  difeovered,  that  the  moon  reads 
on  the  earth.  Newton  had  obferved,  that  the  iron  re- 
ads on  the  magnet ; that  the  adions  of  eledrified  bo- 
dies were  mutual ; and  that  every  adion  of  fublunary 
bodies  was,  in  fad,  accompanied  by  an  equal  and  con- 
trary readion.  On  the  authority  of  his  rule  of  philo- 
fophizing  he  affirrned,  that  the  planets  read  on  the 
fun,  and  that  the  fun  is  not  at  reft,  but  is  continual- 
ly agitated  by  a fmall  motion  round  the  general  centre 
of  gravitation.  He  pointed  out  feveral  confequences 
of  this  readion.  Aftronomers  examined  the  celeftial 
motions  more  narrowly,  and  found  that  thofe  confe- 
quences do  really  obtain,  and  difturb  all  the  planetary 
motions.  It  is  now  found  that  this  reciprocity  of  ac- 
tion obtains  throughout  thefolar  fyftem  with  the  utmoft 
precifion,  and  that  the  third  Newtonian  propofition  is 
really  a law  of  nature,  although  it  is  not  a law  of  hu- 
man thought.  It  is  a difeovery.  The  contrary  in- 
volves no  abfurdity  or  contradidion.  It  would  indeed 
be  contrary  to  experience ; but  things  might  have 
been  otherwife.  It  is  conceivable,  and  poffible,  that  a 
ball  A (hall  ftrike  another  equal  ball  B,  and  carry  it 
along  with  it,  without  any  diminution  of  its  velocity. 

The  fad,  that  the  velocity*  of  A is  reduced  to  one- 
half,  is  the  indication  of  a force  refiding  in  B,  which 
force  changes  the  motion  of  A ; and  the  intenfity  of 
this  force  is  learned  from  the  change  which  it  produces. 

Th\$  is  found  to  be  equal  to  the  change  produced  by  A 
on  B.  And  thus  the  readion  of  B is  difeovered  to  be 
equal  to  the  adion  of  A. 

It  is  highly  probable,  that  this  univerfality  and  equa- 
lity of  readion  to  adion  is  the  confequence  of  feme 
general  principle,  which  we  may  in  time  difeover  ; 
meanwhile  we  are  intitled  to  fuppofe  it  univerfal,  and  Maupertuf 
to  reafon  from  this  topic  in  our  dil'quifitions  about  the  Leibnitz, 
adions  of  bodies  on  each  other. 

Although  the  celebrated  philofophers  of  Europe  p^ers,  have 
have  at  laft  agreed  in  the  reception  of  the  two  propofi-  entertained 
tions  fo  largely  difeuffed  by  us  as  the  laws  of  motion,  very  inade- 
they  have  differed  exceedingly  in  their  opinion  about  °pi* 
their  origin  and  validity  : Some  afferled  that  they  are 
entirely  matters  of  experience ; while  others  affirmed  found«ion 
them  to  be  neceffary  truths.  The  royal  academy  of  of  the  law 
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the  hand,  or  Hiding  down  an  uniform  Hope,  has  its 
motion  continually  accelerated,  and  that  the  motion  of 
an  arrow  rifing  perpendicularly  through  the  air  is  con- 
tinually retarded  ; and  they  feel  no  difficulty  in  conceiv- 
ing thefe  changes  of  motion  as  the  eftefts  of  the  con- 
tinual operation  of  their  weightor  heavinefs.  The  falling 
ftone  is  in  a different  condition  in  refpedl  of  motion  in 
the  beginning  and  the  end  of  its  fall.  In  whatrefped  do 
thefe  ftates  of  the  body  differ  ? Only  in  refpeft  to  what 
we  call  its  velocity.  This  is  an  affedlion  of  motion  ; it 
is  an  expreflion  of  the  relation  between  the  two  notions 
or  ideas  which  concur  to  form  the  idea  of  motion, 
namely,  the  fpace  and  the  time.  Thefe  are  all  the  cir- 
cumftances  that  w’e  obferve  in  a motion.  Time  elapfes, 
and  during  its  currency  a fpace  is  defcribed.  The 
term  Woc/Aj^cxpreffes  the  magnitude  of  the  fpace  which 
correfponds  to  fome  unit  of  time.  Thus,  the  rate  of  a 
fhip’s  motion  is  determined,  when  we  fay  that  it  is  nine 
miles  in  an  hour,  or  nine  miles  per  hour.  Wefome- 
timesfay  (but  aukwardly)  “ The  motion  is  at  the  rale, 
or  with  the  velocity,  of  a mile  in  three  days.”  It  is  mod 
conveniently  expreffed  by  a number  of  fome  given  units 
of  length,  which  completely  make  up  the  line  defcribed 
during  this  unit  of  time.  But  the  mechanicians  ex- 
prefs  it  in  a way  more  general  by  a fradtion,  of  which 
the  numerator  is  a number  of  inches,  feet,  yards,  fa- 
thoms, or  miles,  and  the  denominator  is  the  number  of 
feconds,  minutes,  cr  hours,  employed  in  moving  along 
this  line.  This  is  a very  proper  ezpreffion  ; for  when 
we  fpeak  of  any  velocity,  and  continue  to  reafon  from 
it,  we  conceive  ourfelves  to  fpeak  of  fomething  that  re- 
mains the  fame,  in  the  different  occafions  of  ufing  the 
term.  Now  if  the  velocity  be  conftant,  it  is  indifferent 
how  long  the  line  may  be  ; becaufe  the  time  of  its  de- 
feription  will  be  lengthened  in  the  fame  proportion. 
Thus  if  48  feet  be  defcribed  in  12  feconds,  36  feet 
will  be  defcribed  in  9 feconds,  16  feet  will  be  defcribed 
in  4 feconds,  &c.  Now  4l->  and  are  fradHons 
of  equal  value,  being  equal  to  4>  or  4,  that  is,  to  the 
velocity  of  4 feet  per  fecond.  The  value  of  this  frac- 
tion, or  the  quotient  of  the  number  of  the  units  of 
length,  divided  by  the  number  of  units  of  time,  is  the 
number  of  thofe  units  of  length  defcribed  uniformly  in 
one  unit  of  time. 

But  how  (hall  we  determine  the  velocity  in  any  inftant 
or  in  any  point  of  a motion  that  is  continually  changing  ? 
Suppofe  that  a body  has  fallen  144  feet,  and  that  we 
would  afeertain  its  velocity  in  that  point  of  its  fall,  or 
the  velocity  which  it  has  in  paffing  through  that  point  ? 
In  the  next  fecond  the  body  falls  112  feet  farther. 
This  cannot  be  the  meafure  of  the  velocity  at  the  be- 
ginning of  the  fourth  or  the  end  of  the  third  fecond.  It 
is  two  great.  The  fall  during  the  preceding  fecond 
was  80  feet.  This  is  too  fmall.  The  mean  of  thefe 
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two,  or , = — , =90,  IS  probably  more  ex- 

afl.  Due  attention  to  the  nature  of  this  motion  fhews 
us,  that  96  is  the  proper  meafure,  or  that  the  motion 
at  that  inftant  is  at  the  rate  of  96  feet  per  fecond.  But 
it  is  peculiar  to  this  kind  of  motion  that  the  half  fum 
of  the  fpaces  defcribed  in  two  fucceeding  equal  mo- 
ments is  the  meafure  of  the  velocity  in  the  middle  in- 
ftant. Therefore  this  method  will  not  generally  give 
an  accurate  meafure.  Yet  it  is  indifpenfably  neceffary 
to  obtain  fome  accurate  meafure ; for  it  is  in  this  par- 
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ticular  alone  that  the  ftate  of  the  body  differs  from  its  Of  Acceie- 
fimilar  ftate  in  another  inftant.  The  difference  of  place  and 
makes  no  diftin^Hon  ; for  if  a body  continue  its  motion 
unchanged,  its  condition  in  every  different  inftant  of 
time,  or  point  of  fpace,  is  unchanged  or  the  fame.  The 
change  of  place  is  not  a change  of  motion,  but  is  in- 
volved in  the  very  conception  of  the  continuation  of  the 
motion.  The  change  of  condition  conlifts,  therefore, 
in  the  change  of  velocity  : Therefore  the  change  of  ve- 
locity is  the  only  Indication,  and  the  only  meafure  of  » 
theadion  (perhaps  accumulated)  of  the  changing  force. 

It  is  therefore  the  chief  object  of  our  fearch  ; and  accu- 
rate meafures  of  velocity  are  abfolu'^ely  neceffary. 

When  the  velocity  changes  continually,  there  can  be 
no  a3ual  meafure  of  it.  In  what  then  does  the  mag- 
nitude of  a velocity  confift,  when  there  is  no  actual  mea- 
fure of  it?  It  is  a certain  uiidefcribable  determina- 
tion; by  which,  if  not  changed,  a certain  fpace 
be  uniformly  defcribed  in  a given  unit  of  time.  Thus 
we  know,  that  if,  when  a ftone  has  fallen  16  feet,  its 
motion  be  direfled  along  a horizontal  plane,  without 
diminution,  it  will  move  on  for  ever  at  the  rate  of 
32  feet  per  fecond.  The  fpace  which  would  be  thus 
defcribed  is  not  the  velocity,  but  the  meafure  of  the  ve- 
locity. But  the  proportions  of  thofe  fpaces,  being  the 
proportions  of  thofe  meafures,  are  the  proportions  of 
the  velocities  themfelves.  We  may  difeover  thefe  pro-  yj 
portions  in  the  following  manner  : Momenta- 

Let  ACG  (fig.  13.)  be  a line  defcribed  by  a body  ry  propor- 
with  a motion  anyhow  continually,  but  gradually,  va- 
ried  ; and  let  it  be  required  to  determine  the  propor- 
tion of  the  velocity  in  any  point  C to  the  velocity  in  nual^y 
any  other  point  F-  changing. 

Axiom. — If  A be  to  B in  a ratio  that  is  greater  than  Fundamen- 
any  ratio  lefs  than  that  of  C to  D,  but  lefs  than  any  ratio  talrequifite 
greater  than  that  of  C to  D,  then  A is  to  B as  C to  D. 

Take  the  ftraight  line  a c g x.o  reprefent  the  time  of  difquifi- 
the  body’s  motion  along  ACG,  fo  that  the  points  a,  c,  tions. 
f,  g,  may  reprefent  the  inftants  of  time  in  which  the 
body  paffes  through  the  points  A,  C,  F,  G ; and  the 
portions  ac,  cf,  f of  the  line  a may  reprefent  the 
times  employed  in  deferibing  the  portions  AC,  CF, 

FG  ; and  therefore  r is  to  af‘&%  the  time  of  deferib- 
ing AC  to  the  time  of  deferibing  AF. 

Moreover,  let  h k no  be  a line  fo  related  to  the 
ftraight  line  a c f g,  by  the  perpendicular  ordinate.s  a by 
cky/'n,go,  that  the  areas  a c afnhy  a gob,  may 
be  proportional  to  the  portions  AC,  AF,  AG,  of  the 
line  defcribed  by  the  moving  body;  and  let  this  rela- 
tion be  true  with  refped  to  every  point  B,  D,  E,  &c. 
and  the  correfponding  points  h,  d,  e,  &c. 

Then  it  is  affirmed,  that  tbe  velocity  in  tbe  point  C it 
to  tbe  velocity  in  tbe  point  F as  c k is  to  f n. 

Let  the  equal  lines  b ty  c dy  e f,  f gy  reprefent  equal 
moments  of  time,  and  let  B,  D,  E,  G,  be  the  points 
through  which  the  body  is  paffing  at  the  inftants  by  dy 
Cy  g.  Then  the  areas  b i k Cy  c k I dy  e m n f,  f n 0 gy  will 
reprefent,  and  be  proportional  to,  the  fpaces  BC,  CD, 

EF,  FG,  which  are  defcribed  during  the  moments  b r, 
cdy  ef,  f g. 

Draw  t p parallel  to  a gy  fo  as  to  make  the  reclangle 
htpc  equal  to  the  trapezium  bike;  and  draw  the  lines 
q Vy  u r,  s Xy  in  the  fame  manner,  fo  that  each  rectangle 
may  be  equal  to  its  correfponding  trapezium. 

If  the  motions  had  been  uniform  during  the  mo- 
ments 
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ments  b c and  f g,  that  Is,  If  the  fpaces  BC  and  FG  had 
been  uniformly  defcribed,  then  the  velocity  in  the  point 
C would  have  been  to  the  velocity  In  the  point  F as 
tof  s : For  lince  the  rectangles  b t p c and  f s x g are  re- 
fpeiSively  equal  to  the  trapeziums  bike  and  f no  g\  and 
fince  hike  \.o f no g BC  is  to  FG,  the  reCtangle 

b t p c\%  to  the  rectangle  f s a;  ^ as  BC  to  FG.  But 
becaufe  thefe  two  reCtangles  have  equal  altitudes  be 
Tindfg,  they  are  to  each  other  in  the  proportion  of 
their  bafes  c p and  g x,  or  cp  and  f s.  Therefore  BC  is 
to  FG  as  cp  to  f 5.  But  if  BC  and  FGare  uniformly 
defcribed  in  equal  times,  they  are  proportional  to  the 
velocities  of  thofe  uniform  motions.  Therefore  c p is 
to  f s a?  the  velocity  with  which  BC  is  uniformly  de- 
fcribed to  the  velocity  with  which  FG  is  uniformly  de- 
fcribed in  an  equal  time. 

But  the  motion  expreifed  by  the  figure  is  not  uni- 
form, becaufe  the  line  h I o recedes  from  the  axis  a g, 
and  the  areas,  cut  off  by  the  parallel  ordinates,  increafe 
in  a greater  proportion  than  the  correfponding  parts  of 
the  axis  ; that  is,  the  fpaces  increafe  fafter  than  the 
times  , for  the  moments  b c,  c d,  ef  f g,  being  all  equal, 
it  is  evident  that  the  correfponding  flips  of  the  area  con- 
tinually augment.  The  motion  is  fwifter  at  the  inftant 
c than  at  the  inftant  b,  and  the  velocity  at  the  inftant  c 
is  greater  than  that  with  which  the  fpace  BC  would  be 
uniformly  defcribed  in  the  fame  time.  For  the  fame 
reafon,  the  velocity  at  the  inftant  f\%  lefs  than  that  with 
which  the  fpace  FG  would  be  uniformly  defcribed  in 
the  fame  time.  Therefore  the  velocity  at  the  inftant  c 
is  to  the  velocity  at  the  inftant  f'va.  a greater  ratio  than 
that  of  r />  to//.  In  the  very  fame  manner,  it  will 
appear,  by  comparing  the  motion  during  the  moment 
c d with  the  motion  during  the  moment  e / that  the  ve- 
locity at  the  inftant  c is  to  the  velocity  at  the  inftant  f 
in  a lefs  ratio  than  that  of  c y to/r. 

Therefore  the  velocity  in  the  point  C Is  to  the  velo- 
city in  the  point  F in  a greater  ratio  than  that  of  cp  to 
f s,  but  in  a lefs  ratio  than  that  oi  c q xo  f r. 

But  by  continually  diminifhing  the  equal  moments 
he,  c d,  eft  f g,  it  is  evident  that  c p and  c q continually 
approach  to  equality  with  c k ; and  f rand fs  continual- 
ly approach  to  equality  with / n,  that  when  c p is  lefs 
than  r / //  is  greater  than / k,  and  when  c y is  greater 
than  c h,  f r \%  lefs  than  f n. 

Therefore  the  velocity  in  the  point  C Is  to  the  velo- 
city in  the  point  F in  a ratio  that  is  greater  than  the 
ratio  of  any  line  lefs  than  c k Xo  any  line  greater  than 
/ n,  but  which  is  lefs  than  the  ratio  of  any  line  greater 
than  c k Xo  any  line  lefs  than /«.  Therefore  the  ratio 
of  the  velocity  in  C to  the  velocity  in  F is  greater  than 
any  ratio  that  is  lefs  than  that  oi  c k xofn;  but  it  is  lefs 
than  any  ratio  that  is  greater  than  that  of  c k Xo  f n. 
Therefore  the  velocity  in  the  point  C is  to  the  velocity 
in  the  point  F as  t to  /n. 

This  important  theorem  may  be  expreffed  in  more 
general  terms  as  follows: 

If  the  abfdjfa  2.  ^ of  a line  h k o reprefent  the  time  sf 
any  motion^  and  if  the  areas  bounded  by  parallel  ordinates 
he  proportional  to  the  fpaces  defcribed,  the  ordinates  are 
proportional  to  the  •velocities. 

Remark.  The  propriety  or  aptitude  of  expreffing 
the  time  by  the  portions  of  the  axis  a eg,  will,  perhaps, 
appear  more  clearly  in  the  following  manner. 

Let  a eg  be  any  ftraight  line,  and  let  h k v be  ano- 
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ther  line,  ftraight  or  curved.  Let  the  ftraight  line  a h z,0?  Accele- 
perpendlcular  to  ag,  be  carried  uniformly  down  along 
this  line,  keeping  always  perpendicular  to  it,  and  there- 
fore  always  parallel  to  its  firft  pofition  a h z.  In  its 
various  fituations  c k z,  e m z,  &c.  it  will  cut  off  areas 
ackh,  aem  h,  &c.  bounded  by  the  axis  by  the  ordi- 
nates a h and  c k,  or  by  the  ordinates  a h and  e m,  8cc. 
and  by  the  line  h kg.  By  this  motion  the  moveable  or- 
dinate is  faid,  in  a language  of  modern  geometry,  to 
generate  the  areas  ackh,  a e m h,  &c.  At  the  fame 
time,  let  a point  A move  along  the  line  ACG,  fetting 
out  from  A at  the  inftant  when  the  line  a z fets  out 
from  a ; and  let  the  motion  of  the  point  A be  fo  re- 
gulated, that  the  fpaces  AB,  AC,  AD,  &c.  generated 
by  this  motion,  may  increafe  at  the  fame  rate  with  the 
areas  ab,  ih,  ackh,  a dlh,  &c.  or  fuch  that  we  (hall 
have  AB  to  AC  2s  a b i h xo  a c k h,  &c.  It  is  plain, 
that  the  motion  along  AG  is  the  fame  with  that  defcrib- 
ed in  the  enunciation  of  the  propofition  : for  becaufe 
the  motion  of  the  ordinate  a z,  along  the  axis  a g,  is 
fuppofed  to  be  uniform,  the  fpaces  ab,a  c,  ad,  &c.  are 
proportional  to  the  times  in  which  they  are  defcribed, 
and  may  therefore  be  taken  to  meafure  or  to  reprefent 
thofe  times. 

Cor.  i.  In  a motion  continually  varied,  the  velocities 
in  the  different  points  of  the  path  are  to  each  other  in 
the  limiting  or  ultimate  ratio  of  the  fpaces  defcribed  in 
equal  times,  thofe  times  being  fuppofed  to  diminifti  con- 
tinually : for  it  is  evident,  that  if  the  equal  moments 
he,  c d,  ef,fg>  are  fuppofed  to  diminifti  continually, 
till  the  inttants  b and  d coalefce  with  c,  and  the  inftants 
e and  g coalefce  with  f ; then  the  ratio  of  c kxaj  n is 
the  limit  of  the  continually  incrcafing  ratio  of  c p to  f s, 
or  of  the  continually  diminifliing  ratio  of  c y to/  r.  Sir 
Tfaac  Newton  calls  this  the  ultimate  ratio  of  e p Xof  s, 
or  oi  c q to  f r.  Now  the  ratio  oi  c p Xo  f s is,  by  con- 
ftrueftion,  the  fame  with  the  ratio  of  the  redtangle  Itpc 
to  the  redlangle / / xg,  and  the  ratio  oi  c q xo  f r is  the 
fame  with  the  ratio  of  the  redangle  c qvd  to  the  red- 
angle e urf.  But  the  ratio  of  the  redangle  b t p c Xo 
the  redangle  f s x g\s  the  fame  with  the  ratio  of  the 
fpace  b i k exo  the  fpace  f nog',  that  is  (by  hypothefis);' 
the  fame  with  the  ratio  of  the  fpace  BC  to  the  fpace 
FG;  and  the  ratio  of  the  redangles  r y andfwr/ 
is  the  fame  with  that  of  the  fpaces  CD  and  EF.  There- 
fore the  ratio  of  the  velocity  at  C to  the  velocity  at  F 
is  the  fame  with  the  ultimate  ratio  of  the  fmall  incre- 
ments BC,  FG,  or  CD,  EF  of  the  fpaces  generated  in 
very  fmall  and  equal  times. 

It  is  alfo  evident,  that  becaufe  the  ratio  oicktofn 
is  the  limit  both  of  the  ratio  oi  c p to//  and  of  the 
ratio  of  c qXo  f r,  thefe  ultimate  ratios  are  the  fkme, 
and  that  we  may  fay  that  the  velocity  In  C is  to  the  ve- 
locity in  F in  the  ultimate  ratio  of  BC  to  EF,  or  in  the 
ultimate  ratio  of  CD  to  FG. 

We  alfo  can  eafily  perceive,  that  the  ratio  of  the 
area  h ike  Xo  the  area  e mnf  approaches  more  near  to 
the  ratio  of  c i to  /«  as  we  take  the  moments  b c and 
e /fmaller.  Therefore,  in  many  cafes  of  pradice,  where 
it  may  be  eafy  to  meafure  the  fpaces  defcribed  in  the 
different  fmall  moments  of  the  motion,  but  difficult  to 
afeertain  their  ultimate  ratio,  fo  as  to  obtain  accurate 
meafures  of  the  proportions  of  the  velocities,  w'e  may 
reduce  the  errors  of  meafnrement  to  fomething  very  in- 
fignificant,  by  taking  thefe  moments  extremely  fmall ; 
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Ilf  Accele-  and  we  make  the  fame  affirmation  concerning  the  mag- 
itedand  nitudes  reprefented  by  thefe  lines.  We  fay  that  the 
velocity  at  the  inftant  b is  to  the  velocity  at  the  inftant 
d as  the  time  a b is  to  the  time  a d.  We  fay,  in  terms 
ftill  more  general,  that  the  velocities  are  proportional  to 
the  times  from  the  beginning  of  the  motion.  We  more- 
over perceive,  that  the  fpaces  are  alfo  proportional  to 
the  fquares  of  the  acquired  velocities  ; or  the  velocities 
are  as  the  fquare  roots  of  the  fpaces. 

We  can  farther  infer,  from  the  properties  of  the  tri- 
angle, that  the  momentary  increments  of  the  fpaces  are 
proportionalto  the  momentary  increments  of  the  fquares 
of  the  times,  or  of  the  fquares  of  the  velocities. 

We  alfo  obferve,  that  not  only  the  whole  acquired 
velocities  are  proportional  to  the  whole  elapfed  times, 
but  that  the  increments  of  the  velocities  are  propor- 
tional to  the  times  in  which  they  are  acquired ; for  sr » 
is  to  f <p  as  ^ r x.od /,  &c.  Equal  increments  of  velocity 
are  therefore  acquired  in  equal  times.  Therefore  fuch 
a motion  may,  in  great  propriety  of  language,  be  deno- 
minated a UNIFORMLY  ACCELERATED  MOTION  ; that 
is,  a motion  in  ‘which  <we  obfervs  the  fpaces  proportioned  to 
the  fquares  of  the  times,  is  a rrrotion  uniformly  accelerated  ; 
and  fpaces  in  the  duplicate  ratio  of  the  times  form  the 
oftenfible  charadleriftic  of  an  uniformly  accelerated 
motion. 

79  Laftly,  if  we  draw  s \ parallel  to  the  axis  a b,  we  per- 
ceive that  the  redtangie  a e i double  of  the  triangle 
a e^i.  Now  becaufe  a e reprefents  the  time  of  the  mo- 
tion, and  e s reprefents  the  acquired  velocity,  the  rec- 
tangle ae  t \ will  reprefent  the  fpace  which  would  be 
uniformly  defcribed  with  the  velocity  e s during  the  time 
a e.  But  the  triangle  a c s reprefents  the  fpace  really 
defcribed  with  the  uniformly  accelerated  motion  during 
the  fame  time.  Hence  we  infer,  that  the  fpace  that  is 
defcribed  in  any  time,  with  a motion  increafing  uniform- 
ly from  nothing,  is  one  half  of  the  fpace  which  would 
be  uniformly  defcribed  during  the  fame  time  with  the 
final  velocity. 

Thefe  are  but  a part  of  the  infereRces  which  we  may 
draw  from  the  geometrical  properties  of  thofe  reprefen- 
tations  which  we  had  feledled  of  the  different  meafure- 
able  affections  of  motion.  We  may  affirm,  with  refpeCt 
to  the  motions  themfelves,  all  the  inferences  which  re- 
late to  magnitude  and  proportion,  and  thus  improve  our 
knowledge  of  the  motions. 

We  took  the  opportunity  of  this  very  fimple  and 
perfpicuous  exampley  to  give  our  young  readers  a juft 
conception  of  the  mathematical  method  of  profecuting 
mechanical  knowledge,  and  to  make  them  fenfible  of 
the  unqueftionable  authority  for  every  theorem  dedu- 
ced in  this  manner. 

One  of  the  moft  important  is,  to  difcover  the  accu- 
mulated refult  of  a motion  of  which  we  only  obferve  the 
momentary  increments.  This  is  to  be  done  by  finding 
the  area,  or  portions  of  the  area,  of  the  mixtilineal  fpace 
a go  h ; and  it  is  evidently  analogous  to  the  inverfe  me- 
thod of  fluxions,  or  the  integral  calculus. 

In  moft  cafes,  we  muft  avail  ourfelves  of  the  corolla- 

• • 

ry  s==-v  t,  and  we  obtain  the  folution  of  our  queftion 
only  in  the  cafes  where  our  knowledge  of  the  quanti- 

ties j, /and  u (coij^dered  as  geometrical  magnitudes, 
that  is,  as  lines  and  furfaces),  enables  us  to  difcover 
s and  t. 
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Of  Accelerating  and  Retarding  Forces.  mii^^anr 

Having  thus  difcovered  the  proportions  of  the  ve- 
locities  in  motions  varying  in  any  manner  whatever,  we 
can  obferve  the  variations  which  happen  in  them.  Thefe  80 
variations  are  the  effeCls,  and  the  only  marks  and  mea- 
fures  of  the  changing  forces.  They  are  the  charadter- 
iftics  of  their  kinds  (confidered  merely  as  moving  for- 
ces) ; that  is,  the  indications  of  the  diredtions  in  which 
they  adl  ; for  this  is  the  only  difference  in  kind  oi  which 
they  are  fufceptible  in  this  general  point  of  view.  If 
they  increafe  the  velocity,  their  diredtion  muft  be  con- 
ceived as  the  fame  with  that  of  the  previous  motion  ; 
becaufe  the  refult  of  the  adlion  of  a force  is  equivalent 
to  the  compofition  of  the  motion  which  that  force 
would  produce  in  a quiefcent  body  with  the  motion  al- 
ready exifting  ; and  an  increafe  of  velocity  is  equivalent 
to  the  compofition  of  a motion  in  the  fame  diredtion. 

Having  no  other  mark  of  the  force  but  the  accelera- 
tion, we  have  no  other  name  for  it  in  the  abftradt  doc- 
trines of  dynamics,  and  we  call  it  an  accelerating 
FORCE.  Had  it  retarded  the  motion,  we  Ihould  have 
called  it  a retarding  force. 

In  like  manner,  we  have  no  meafure  of  the  magnitude 
or  intenfity  of  an  accelerating  force,  but  the  acceleration 
which  it  produces.  In  order  therefore  to  inveftigate 
the  powers  which  produce  all  the  changes  of  motion, 
we  muft  endeavour  to  obtain  meafures  of  the  accelera- 
tion. 

A continual  Increafe  of  velocity  is  the  effedt  of  the 
continued  adtion  of  accelerating  forces.  If  equal  in- 
crements of  velocity  are  produced  in  every  fucceeding 
equal  moment  of  time,  wc  cannot  conceive  that  there  is 
any  change  in  the  accelerating  force.  Therefore  a uni- 
formly accelerated  motion  is  the  mark  of  the  unvaried 
adlion  of  an  accelerating  force,  that  is,  of  the  continued 
adlion  of  a conftant  force  ; of  a force  whofe  intenfity  is 
always  the  fame.  When  therefore  we  obferve  a body 
defcribe  fpaces  proportional  to  the  fquares  of  the  times, 
we  muft  infer  that  it  is  urged  forward  by  a force  whofe 
intenfity  does  not  change;  and,  on  the  other  hand,  a 
conftant  force  muft  produce  a uniformly  accelerated  mo- 
tion by  its  continued  adlion.  And  if  any  previous  cir- 
cumftances  affure  us  of  this  continued  adlion  of  an  in- 
varied  force,  we  may  make  all  the  inferences  which  were 
mentioned  under  the  article  of  uniformly  accelerated 
motion. 

That  force  muft  furely  be  accounted  double  which  Meafure  of 
produces  a double  increment  of  velocity  in  the  fame  anaccelera- 
time  by  its  uniform  adlion,  we  can  form  no  other  efti-  force, 
mation  of  its  magnitude.  And,  in  general,  accelerating 
forces  mufl  be  accounted  proportional  to  the  incresnents  of 
velocity  ‘which  they  produce,  by  aSting  uniformly  during 
the  fame  or  equal  times, 

Suppofing  them  to  adl  on  a body  at  reft.  Then  the 
velocity  produced  is  itfelf  the  increment;  and  we  muft 
fiiy,  that  accelerating  forces  are  proportional  to  the  ve- 
locities which  they  generate  in  a body  in  equal  times. 

And  becaufe  we  found  (n°  79.),  that  the  fpace  defcri- 
bed  with  a uniformly  accelerated  motion  is  half  the 
fpace  which  would  be  uniformly  defcribed  in  the  fame 
time  with  the  final  velocity,  which  fpace  is  the  diredt 
meafure  of  this  velocity,  and  becaufe  halves  have  the 
fame  proportion  with  the  wholes — we  may  fay,  that 

accelerating 
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of  Accele-  accelerating  forces  are  proportional  to  the  fpaces  through 
rating  aii^  cujhtch  thev  mpel  a bodv  from  rejl  in  equal  times  by  their 
uniform  aalon. 

This  is  an  important  remark  ; becaufe  it  gives  us  an 
Another  eafy  meafure  of  the  force,  without  the  trouble  of  firfl 
meafure.  computing  the  velocities.  It  alfo  gives  us  the  only  di- 
ftinft  notion  that  we  have  of  the  meafurement  of  forces 
by  the  motions  which  they  produce.  When  fpeaking 
of  the  compofition  ®f  forces,  we  diftinguifhed  or  deno- 
minated them  by  the  fides  and  diagonal  of  a parallelo- 
gram. Thefe  lines  muft  be  conceived  as  proportional  to 
the  fpaces  through  which  the  forces  urge  the  body  ««/- 
formly  during  the  fmall  and  infenfible  time  of  their  ac- 
tion, which  time  is  fuppofed  to  be  the  fame  for  both 
forces  ; for  the  fides  of  the  parallelogram  are  fuppofed 
to  be  feparately  defcribed  in  equal  times,  and  therefore 
to  be  proportional  to  the  velocities  generated  by  the 
conllituent  forces.  If  indeed  the  forces  do  not  aft  uni- 
formly, nor  fimilarly,  nor  during  equal  times,  we  can- 
not fay  (without  farther  inveftigation)  what  is  the  pro- 
portion of  the  intenfity  of  the  forces,  nor  can  we  infer 
the  compofition  of  their  aftion.  We  muft  at  leaft  fup- 
pofe,  that  in  every  inftant  of  this  very  fmall  time  of  their 
joint  aftion,  their  direftion  remains  unchanged,  and 
that  their  intenfities  are  in  the  fame  ratio.  We  lhall  fee 
by  and  bye,  that  with  thefe  conditions  the  fides  of  the 
parallelogram  are  ftill  proportional  to  the  velocities  ge- 
nerated. In  the  mean  time,  we  may  take  the  fpaces 
through  which  a body  Is  uniformly  impelled  from  reft 
(that  is,  with  a uniformly  accelerated  motion)  as  the 
meafures  of  the  forces ; yet  thefe  fpaces  are  but  the 
halves  of  the  meafures  of  the  velocities.  Then,  if  a bo- 
dy be  moving  with  the  velocity  of  32  feet  per  fecond, 
and  an  accelerating  force  afts  on  it  during  a fecond, 
and  if  this  force  be  fuch  that  it  would  impel  the  body 
(from  a ftate  of  reft)  16  feet,  it  will  add  to  the  body  a 
velocity  of  32  feet  per  fecond.  Accordingly,  this  is 
the  effeft  of  gravity — the  weight  of  a pound  of  lead  may 
be  confidered  as  a force  which  does  not  vary  in  its  in- 
tenfity. We  know  that  it  will  caufe  the  lead  to  fall  16 
feet  in  a fecond  ; but  if  the  body  has  already  fallen  16 
feet,  we  know  that  it  is  then  moving  with  the  velocity 
of  32  feet  per  fecond.  And  the  faft  is,  that  it  will  fall 
48  feet  farther  in  the  next  fecond,  and  will  have  acquir- 
ed the  velocity  of  64  feet  per  fecond.  It  has  therefore 
received  an  augmentation  of  32  feet  of  velocity  by  the 
aftion  of  gravity  during  the  fecond  fecond  ; and  gravi- 
ty Is  In  faft  a conftant  force,  caufing  equal  increments 
of  velocity  in  equal  times,  however  great  the  velocities 
may  be.  It  does  not  aft  like  a ftream  of  fluid,  whofe 
impulfe  or  aftion  diminilhes  as  the  folld  body  withdraws 
from  it  by  yielding. 

But  fuppofing  that  we  have  not  compared  the  incre- 
ments of  velocity  uniformly  acquired  during  equal 
times,  in  what  manner  ftiall  we  meafure  the  accelerating 
forces  ? In  fuch  a cafe,  that  force  muft  be  accounted 
double  which  generates  the  fame  velocity,  by  afting 
uniformly  during  half  the  time ; for  when  the  force  is 
fuppofed  invariable,  the  changes  of  velocity  which  it 
produces  are  proportional  to  the  times  of  its  aftion  ; 
therefore  if  it  produces  an  equal  velocity  in  half  the 
time,  it  will  produce  a double  velocity  in  an  equal 
time,  and  is  therefore  a double  force.  The  fame  may 
be  faid  of  every  proportion  of  time  in  which  an  equal 
change  of  velocity  is  produced  by  the  uniform  aftion 


of  an  accelerating  force.  The  force  muft  be  accounted  Of  Aci 
greater  In  the  fame  proportion  that  the  time  required  radng 
for  the  produftion  of  a given  velocity  in  a body  is  lefs. 

Hence  we  infer,  lh2tX  accelerating  forces  are  inverfely  pro-  \^-\r 
portional  to  the  times  in  nvhich  a given  change  of  velocity 
is  produced  by  their  uniform  aEiion. 

By  combining  thefe  two  propofitlons  we  eftablifli  this 
general  theorem  ; gj 

Accelerating  forces  are  proportional  to  the  changes  of  ve-  Meafui  f 
locity  nuhich  they  produce  in  a body  by  their  uniform  *ccelerj 
aaion  direaly,  and  to  the  times  in  vohich  thefe  changes  f®*"' 
are  produced  inverfely. 

If,  therefore,  A and  a are  the  forces,  V'  and  v'  the 
changes  of  velocity,  and  T'  and  f the  portions  of  time 
in  which  they  are  uniformly  produced,  we  have 

V' 


A : a = Y'd 


VT' — . _ 

^ X , r£f  • 


The  formula 


And  a = — 

• d. 

v' . 


a =—  is  not  reftrifted  to  any  parti- 


cular magnitude  of  7/  and  t'.  It  is  true,  therefore, 
when  the  portion  of  time  is  diminifhed  without  end ; 
for  fince  the  aftion  is  fuppofed  uniform,  the  increment 
of  velocity  is  leflened  in  the  fame  proportion,  and  the 

value  of  the  fraftion  -^-remains  the  fame.  The  cha- 

rafters  or  fymbols  v'  and  /'  are  commonly  ufed  to  ex- 
prefs  fnite  portions  of  v and  t.  The  fymbols  v and  t 
are  ufed  by  Newton  to  exprefs  the  fame  things  taken  in 
the  ultimate  or  limiting  ratio.  They  are  ufually  confi- 
dered as  indefnitely  fmall  portions  of  v and  t.  We  (hall 


abide  by  the  formula  <z=— . 

t 

It  muft  always  be  kept  in  mind,  that  v and  t are  ab-  Is  an  at 
• ftraft  numbers  ; and  that  v refers  to  fome  unit  of  fpace,  ftradm  1 
fuch  as  a foot,  an  inch,  a yard ; and  that  t refers  to 
fome  unit  of  time,  fuch  as  an  hour,  a minute,  a fecond  ; 
and  efpecially  that  a is  the  number  of  the  fame  units 
of  fpace,  which  will  be  uniformly  defcribed  in  one  unit 
of  the  time  with  the  velocity  generated,  by  the  force 
afting  uniformly  during  that  unit.  It  is  twice  the 
fpace  aftually  defcribed  by  the  body  during  that  unit 
when  impelled  from  reft  by  the  accelerating  force.  It 
is  neceflary  to  keep  hold  of  thefe  clear  ideas  of  the  quan- 
tities exprefled  by  the  fymbols. 

On  the  other  hand,  when  the  meafure  of  the  accelea-  Meafurt. 
tlng  force  is  previoufly  know'n,  we  employ  the  theorem  achang<n| 
a t'  ■=.  v'  \ that  is,  the  addition  made  to  the  velocity  ■velocity  t 
during  the  whole,  or  any  part,  of  the  time  of  the  aftion 
of  the  force  is  obtained  by  multiplying  the  acceleration 
of  one  unit  of  time  by  the  number  of  fuch  units  con- 
tained in 

Thefe  are  evidently  leading  theorems  in  dynamics;  Thefeiu 
becafe  all  the  mechanical  powers  of  nature  come  un-  “ 
der  the  predicament  of  accelerating  or  retarding  forces. 

It  is  the  collection  of  thefe  in  any  fubjeft,  and  the  man- 
ner  in  which  they  accompany,  or  are  inherent  in  it,  Cowlec 
which  determine  the  mechanical  charafter  of  that  fub-  of  mech 
jeft ; and  therefore  the  phenomena  by  which  they  are 
brought  into  view  are  the  charaftcriftic  phenomena.  I 

Nay,  it  may  even  be  queftioned,  whether  the  phenome- 
na bring  any  thing  more  into  view.  This  force,  of  which  ■ 

vve 
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- we  fpeak  fo  familiarly,  is  no  objed  of  diftimfl  contem- 
plation } it  is  merely  a fomething  that  is  proportional 

to-?-.  And  when  we  obferve,  that  the^,  found  in 
t T 

the  motions  that  refult  from  the  vicinity  of  a body  A, 

is  double  of  the  which  refults  from  the  vicinity  of 
t 

another  body  B ; we  fay  that  a force  refides  in  A,  and 
that  it  is  double  of  the  force  refiding  in  B.  The  ac- 
celerations are  the  things  immediately  and  truly  ex- 
preffed  by  thefe  fymbols.  And  the  whole  fcience  of 
dynamics  may  be  completely  taught  without  once  em- 
ploying the  word  forccy  or  the  conception  which  we 
imagine  that  we  form  of  it.  It  is  of  no  ufe  till  we  come 
to  ftudy  the  mechanical  hiftory  of  bodies.  Then,  in- 
deed, we  muft  have  fome  way  of  expreffing  the  fadi,  that 
32  feet 

an  acceleration  = — p7 — is  obferved  in  every  thing  on 
the  furface  of  this  globe  j and  that  an  acceleration  = 


U 

jiother 
leafure  of 
xelerat- 
ig  force. 


418  feet . 

r, — is  obferved  over  all  the  furface  of  the  fun.  Thefe 

fads  are  charadcriftic  of  this  earth  and  of  the  fun  ; and 
we  exprefs  them  flrortly  by  faying,  that  fuch  and  fuch 
forces  refide  in  the  earth  and  in  the  fun.  It  will  pre- 
ferve  us  from  many  miftakes  and  puzzling  doubts,  if 
we  refolutely  adhere  to  this  meaning  of  the  term  force  ; 
and  this  will  carry  mathematical  evidence  through  the 
whole  of  our  inveftigations. 

As  velocity  is  not  an  immediate  objed  of  contem- 
plation, and  all  that  we  obferve  of  motion  is  a fpace 
and  a time,  it  may  be  proper  to  give  an  expreffion  of 
this  meafure  of  accelerating  force  which  involves  no 
other  idea.  Suppofing  the  body  to  have  been  previ- 

V 

eufly  at  reft,  we  have  a ==  — . Multiply  both  parts 

of  the  fradion  by  /,  which  does  not  change  its  value, 
vt 

and  we  have  a = -r.  But  vizczs;  and  therefore  a 


The  formula  a~  — \s  equivalent  to  the  proportion 

i'  X 1 = / : <3 ; and  a would  then  be  the  fpace  through 
W'hich  the  accelerating  force  would  Impel  the  body  in 
one  unit  of  the  time  t.  Bu^  this  is  only  half  of  the 
meafure  of  the  velocity  which  the  accelerating  force  ge- 
nerates during  that  unit  of  time.  For  this  reafon  we 
did  not  exprefs  the  accelerating  force  by  an  ordinary 
equation,  but  ufed  the  fymbol  ==.  In  this  cafe,  there- 
fore, of  uniform  adion,  we  may  exprefs  the  accelerat- 
ing force  by  rr  — . 

The  following  theorem  Is  of  ftlll  more  extenfive  ufe 
in  all  dynamical  difquifitions. 

iloft  gene-  Accelerating  forces  are  proportional  to  the  momentary  in- 
*1  meafure  crements  of  the  fquares  of  the  velocities  diredljy  and  as 
the  f paces  along  <which  they  are  uniformly  acquired  in- 
verfely. 

Let  A^B,  A'C,  and  AD  (fig.  14. )»  be  three  lines, 
deferibed  in  the  fame  or  equal  times  by  the  uniform 
adion  of  accelerating  forces ; the  motions  along  thefe 
lines  will  be  uniformly  accelerated,  and  the  lines  them- 


/f  accelera- 
iog  force. 


felves  will  be  proportional  to  the  forces,  and  may  be  Of  Accele- 
employed  as  their  meafures.  On  the  greateft  of  them  mating  and 
AD,  deferibe  the  femicircle  A BCD,  and  apply  the 
other  two  lines  A^B,  A'C  as  chords  AB,  AC.  Draw 
EB,  FC  perpendicular  to  AD.  Take  any  fmall  por- 
tions B Cc  of  AB  and  AC,  and  draw  hey  cf  per- 
pendicular to  AD,  and  E h and  F h parallel  to  AB 
and  AC. 

Then,  becaufe  the  triangles  DAB  and  BAE  are  fi- 
milar,  we  have  AD  : AE  = AD*  ; AB*.  And  be- 
caufe AD  is  to  AB  as  the  velocity  generated  at  D is 
to  the  velocity  generated  at  B (the  times  being  equal),  * 
we  have  AD  to  AE  as  the  fquare  of  the  velocity  at 
D to  the  fquare  of  the  velocity  at  B ; which  we  may 
exprefs  thus : 

AD  : AE  = V*,  D ; V*,  B. 

For  the  fame  reafons  we  have  alfo 

AD  : A F =:  V*,  D : V*,  C.  Therefore 
AE  : AF  = V*,  B ; V*,  C. 

But  becaufe  in  any  uniformly  accelerated  motion, 
the  fpaces  are  as  the  fquares  of  the  acquired  velocities, 
we  have  alfo 

AE  : Af  = V*,  B : V*^,  and 
AF  : A/=  V*,  C ; V*r. 

Therefore  E e is  to  F/  as  the  increment  of  the  fquare 
of  the  velocity  acquired  in  the  motion  along  B5  to  the 
increment  of  the  fquare  of  the  velocity  acquired  along 
Cc. 

But,  by  fimilarlty  of  the  triangles  ABD  and  E<?.^, 
w’e  have 

AB  : AD  r=  E f : E ; and,  in  like  manner, 

AD  : AC  — YkxYf.  Therefore 
AB  : AC  = Ec  X Fi  ; F/x  ^b. 

Now  AB  and  AC  are  proportional  to  the  forces 
which  accelerate  the  body  along  the  lines  A'B  and 
A'C  ; E e and  F f are  proportional  to  the  increments 
of  the  fquares  of  the  velocities  acquired  in  the  motions 
along  the  portions  B b and  C c ; and  E h and  F h are 
equal  to  thofe  portions  refpedively.  The  ratio  of  AB 
to  AC  is  compounded  of  the  dire<ft  ratio  of  E c to  Fy"; 
and  the  inverfe  ratio  of  Ey6  to  Fi.  The  propofition 
is  therefore  demonftrated. 

The  proportion  may  be  exprefled  thus  : 

E c F f 

AB  : AC  = ^ : and  may  be  exprefled  by 

Ee 

the  proportional  equation  AB==^or,  fymbolical- 

, . (*'0 

ly,  a==-^. 

s 

Remark.  Becaufe  the  motion  along  any  of  thefe -zy-y  is  but 
three  lines  is  uniformly  accelerated,  the  relation  between  half 
fpaces,  times,  and  velocities,  may  be  reprefented 
means  of  the  triangle  ABC  (fig.  15.)  ; where  AB  re-  ^ 

prefents  the  time,  BC  the  velocity,  and  ABC  the  fpace. 

If  BC  be  taken  equal  to  AB,  the  triangle  is  half  of 
the  fquare  ABCF  of  the  velocity  BC  ; and  the  triangle 
ADE  is  half  of  the  fquare  ADEG  of  the  velocity 
DE.  Let  Dd  and  B3  be  two  moments  of  time, 
equal  or  unequal.  Then  Dde  E and  BheC  are  half 
the  increments  of  the  fquares  of  the  velocities  DE  and 
BC,  acquired  during  the  moments  Dd  and  Bh.  It 
was  demonftr.ated,  that  the  ratio  of  the  area  DdeEto 
the  area  BheC  is  compounded  of  the  ratio  of  DE 
to  BC,  and  the  ultimate  ratio  of  D d to  B But  D d 

and 
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Tlierefore,  in  order  to  obtain  meafures  of  the  acce- 
lerating forces,  or  at  leafl;  of  their  proportions,  let  the 
abfciffa  ae^  (fig.  13.)  of  the  line  again  repre- 
fent  the  time  of  a motion.  Bnt  let  the  areas  bounded 
by  parallel  ordinates  now  reprefent  the  velocities,  that 
' is,  let  the  whole  area  increafe  during  the  time  at 
the  fame  rate  with  the  velocities  of  the  motion  along 
the  line  AG.  In  this  cafe  the  ordinates  Si,  ch,  dl, 
&c.  will  be  as  the  accelerations  at  the  inftants  b,  c,  d, 
8<c.  or  in  the  points  B,  C,  D,  &c. 

This  is  demonftrated  in  the  fame  way  as  the  former 
propofition  (n°  72.).  If  the  accelerating  force  be  fup- 
pofed  conftant  during  any  two  equal  moments  be  and 
fg,  the  reftangles  bcpl  and  fgxs  would  exprefs  the 
increments  of  velocity  unifoimly  acquired  in  equal 
times,  and  their  bafes  cp  and  fs  would  have  the  ratio 
of  the  accelerations,  or  of  the  accelerating  forces.  But 
as  the  velocities  exprefied  by  the  figure  increafe  fafter 
than  the  times  during  every  moment,  the  force  at  the 
inftant  c is  to  the  force  at  the  inftant  yiin  a greater  ra- 
tio than  that  of  cp  to  f s but,  for  fimilar  reafons,  it 
is  in  a lefs  ratio  than  that  of  c q to  f r\  and  therefore 
(as  in  the  other  propofition)  the  force  at  the  inftant  c 
is  to  the  force  at  the  inftant  f a.%  c k to  f n. 

Cor.  Becaufe  is  to  in  the  ratio  compounded 
of  the  direct  ratio  of  the  redfangle  cptb  to  the  redl- 
angle  f sxg,  and  the  inverfe  ratio  of  the  altitude  to 
the  altitude  fg ; and  becaufe  thefe  reftangles  are  pro- 
portional to  the  increments  of  velocity,  and  the  ulti- 
mate ratio  of  the  altitudes  is  the  ultimate  ratio  of  the  mo- 
ments or  increments  of  the  time — we  muft  fay,  that  ihe 
accelerating  forces  (that  is,  their  intenfities  or  prejfiires 
producing  acceleration)  are  direBly  as  the  increments  of 
velocity,  and  inverfely  as  the  increments  of  the  times : 
Which  propofition  may  be  exprefied,  in  regard  to  two 
accelerations  A and  a,  by  this  analogy  : 

A ; a =— r : -7-. 

T / 


Or  by  the  proportional  equation  a = -^.  Alfo  a t 
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and  J'at  — v.  And  thus  do  thefe  theorems  ex- 
tend even  to  the  cafes  where  there  cannot  be  obferved 
an  immediate  meafure,  either  of  velocity  or  of  accele- 
ration ; becaufe  neither  the  fpace  nor  the  velocity  in- 
creafes  uniformly. 

The  theorem  a employed  when  we  would 

t 

difeover  the  variation  in  the  intenfity  of  fome  natu- 
ral power.  We  obferve  the  motion,  and  reprefent  it 
by  a figure  analogous  to  fig.  13.  where  the  abfeiffa  re- 
prefents  the  times,  and  the  area  is  made  to  increafe  at 
the  fame  rate  with  the  fpaces  deferibed.  Then  the  or- 
dinates will  reprefent  the  velocities,  or  have  the  propor- 
tion of  the  velocities.  Then  we  may  draw  a fecond 
curve  on  the  other  fide  of  the  fame  abfcifiU,  fuch  that 
the  areas  of  this  laft  curve  (ball  be  proportional  to  the 
ordinates  of  the  firft.  ft'he  ordinates  of  this  laft  curve 
are  proportional  to  the  accelerating  forces. 

On  the  other  hand,  when  we  know  from  other  clr- 
cumftances  that  a force,  varying  according  to  fome 
known  law,  acts  on  a body,  we  can  determine  its  mo- 
tion. The  intenfity  of  the  force  Ik  every  inftant  being 
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known,  we  can  draw  a line  fo  related  to  another  line 
reprefenting  the  time  that  the  ordinates  fhall  be  pro- 
portional to  the  forces : The  areas  will  be  proportional 
to  the  velocities.  We  can  draw  another  curve  to  the 
fame  abfeifs,  fuch  that  the  ordinates  of  this  fhall  be  pro- 
portional to  the  areas  of  the  otb^r,  that  is,  to  the  velo- 
cities of  the  motion.  The  areas  of  this  fecond  curve 
will  be  proportional  to  the  fpaces  deferibed. 

We  muft  now  obferve,  that  all  that  has  been 
faid  concerning  the  effeds  of  accelerating  forces  con- 
tinually varying,  relates  to  of  motion,  indepen- 

dent of  what  the  abfolute  motions  may  be.  The  areas 
of  the  line  whofe  ordinates  reprefent  the  velocities  do 
not  necefl'arily  reprefent  the  fpaces  deferibed,  but  the 
change  made  on  the  fpaces  deferibed  in  the  fame  time  ; 
not  the  motions,  but  the  changes  of  motion.  If,  in- 
deed, the  body  be  fuppofed  to  be  at  reft  when  the  for- 
ces begin  to  ad,  thefe  areas  reprefent  the  very  fpaces 
that  are  paffed  over,  and  the  ordinates  are  the  very  ve- 
locities. In  every  cafe,  however,  the  accelerations  are 
the  real  increments  of  the  velocities. 

This  circumftance  gives  a great  extenfion  to  our  ih?- 
orems,  and  enables  us  to  afeertain  the  difturbances  of 
any  fpecies  of  regular  motion,  apart  from  the  motions 
themfelves,  and  thus  avoid  a complication  which  would 
frequently  be  inextricable  in  any  other  way.  And  this 
procefs,  which  is  merely  mathematical,  is  perfedly  con- 
formable to  mechanical  principles.  It  is  in  fad  an  ap- 
plication of  the  dodrine  of  the  compofition  of  motion  ; 
a dodrine  rigidly  demonftrated  when  we  meafure  a me- 
chanical force  by  the  change  of  motion  which  it  pro- 
duces. Acceleration  is  the  continual  compofition  of  a 
new  motion  with  the  motion  already  produced. 

We  may  learn  from  this  inveftigation  of  the  value  of 
an  accelerating  force,  that  no  finite  change  of  velocity 
is  effeded  in  an  inftant  by  the  adion  of  an  accelerating 
force.  When  the  fig.  13.  is  nfed  for  the  fcale  of  acce- 
lerations, and  they  are  reprefented  by  the  ordinates  of 
thtWnthko,  the  increment  of  velocity  is  reprefented 
by  an  area,  that  is,  by  a flip  of  the  whole  area  ; which 
flip  muft  have  fome  altitude,  or  muft  occupy  fome  por- 
tion of  the  abfcilfa  which  reprefents  time.  Some  por- 
tion of  time,  however  fmall  it  may  be,  muft  elapfe  be- 
fore any  meafurable  addition  can  be  made  to  the  velo- 
city. The  velocity  muft  change  continually.  As  no 
motion  can  be  conceived  as  inftantaneous,  becaufe  this 
would  be  to  conceive,  that  in  one  inftant  the  moving 
particle  is  in  every  point  of  its  momentary  path  ; fo  no 
velocity  can  change,  by  a finite  quantity,  in  one  inftant ; 
becaufe  this  v.’ould  be  to  conceive,  that  in  that  inftant 
the  particle  had  all  the  intervening  velocities.  The 
inftant  of  change  is  at  once  the  laft  inftant  of  the  pre- 
ceding velocity,  and  the  firft  of  the  fucceeding,  and 
therefore  muft  belong  to  both.  This  cannot  b^e  con- 
ceived, or  is  abfurd.  As  a body,  in  palling  from  one 
part  of  fpace  to  another,  muft  pafs  in  fuccelTion  through 
all  the  intermediate  places ; fo,  in  paffing  from  one  ve- 
locity to  another,  it  muft  in  fucceffion  have  all  the  in- 
termediate velocities.  It  muft  be  continually  accelerat- 
ed ; we  muft  not  fay  gradually,  however  Imall  the 
fteps. 

But  to  return  from  this  digrefiion  : 

The  moft  frequent  cafes  which  come  under  examina- 
tion do  not  fhew  us  the  relation  between  the  forces  and 
times,  but  the  relation  between  the  forces  and  fpaces. 

4 K Thus 
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All  thefe 
theorem* 
relate  to 
changes  of 
velocity ; 
by  which 
means  they 
indicate  im~ 
mediately  the 
operation 
of  natural 
power*. 


No  finite 
change  of 
velocity  can 
be produced 
in  an  inftant 
by  any  ac- 
celerating 
force. 
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Of  Accele- and  are  refpe£l:ively  equal  to  te  and  nc.  There- 
rating  and  DJeE  is  to  BicC,  in  the  ratio''compounded  of 
Retarding  -q£  ultimate  ratio  of  sf  to 

vorccs,  reprefenc  DE  and  BC  by  V and  v,  then  le 

and  X c rmifl  be  reprefented  by  V'  and  V',  the  incre- 
ments of  V and  v ; and  then  the  compound  ratio  will 
be  the  ratio  of  VV'  to  -vv' ; and  if  we  take  the  ulti- 
mate ratio  of  the  moments,  and  confequently  the  ulti- 
mate ratio  of  the  increments  of  the  velocities,  we  have 
the  ratio  of  VV  to  vv.  IF,  therefore,  V*  and  v"‘  re- 
prefent  the  fquares  of  the  velccitie!-,  VV  and  vv  v.’ill 
reprefent,  not  the  increments  of  thofe  fquares,  but  half 
the  increments  of  them. 

We  may  now  reprefent  this  propofition  concerning 
accelerating  forces  by  the  proportional  equation  a == 


s 

V* 


and  we  mud  confider  this  as  equivalent  with  a = 


-V 


gravity 
confidered 
as  an  acce- 
lerating 
force. 


, , keeping  always  in  mind,  that  V,  and  -u, 

2 (o— 

relate  to  the  fame  units  of  time  and  fpace,  and  that  a is 
that  number  of  units  of  the  fcale  on  which  S and  s are 
meafured,  which  is  run  over  in  one  unit  of  tim.e. 
Meafure  of  This  will  be  more  clearly  conceived  by  taking  an 
example.  Let  us  afcertain  the  accelerative  power  of 
gravity,  fuppofing  it  to  adt  uniformly  on  a body.  . Let 
the  fpaces  be  meafured  in  feet  and  the  time  in  feconds. 
It  is  a matter  of  obfervation,  that  when  a body  has  fal- 
len 64  feet,  it  has  acquired  a velocity  of  64  feet  per 
fecond  : and  that  when  it  has  fallen  144  feet,  it  has  ac- 
quired the  velocity  of  96  feet  per  fecond.  We  want 
to  determine  what  velocity  gravity  communicated  to  it 
by  adting  on  it  during  one  fecond.  We  have  V*  z= 
9216,  and  = 4096;  and  therefore  V'^ — r;^rr5i20. 
S = 144,  and  s = 64,  and  S — s — 80,  and  2 (S — j) 

r j 20 

= 160,  Now  a -=z  , =32.  Therefore  gravi- 

ty has  generated  the  velocity  32  feet  per  fecond  by 
aifling  uniformly  during  one  fecond. 

The  augmentation  of  the  fquare  of  the  velocity  is  pro- 
portional to  the  force  and  to  the  fpace  jointly.  For,  becaufe 
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Thus  we  learn,  that  a given  force,  adling  uniformly 
on  a body  along  a given  fpace,  produces  the  fame  in- 
crement of  the  fquare  of  the  velocity,  whatever  the  pre- 
vious velocity  may  have  been.  Alfo,  in  the  fame  man- 
ner as  we  formerly  found  that  the  augmentation  of  the 
velocity  was  proportioned  to  the  time  during  which  the 
force  has  afted,  fo  the  augmentation  of  the  fquare  of 
the  velocity  is  proportional  to  the  fpace  along  which  it 
has  adted. 

It  is  pretty  plain,  that  all  that  we  have  faid  of  the 
uniform  adlion  of  an  accelerating  force  may  be  affirmed 
of  a retarding  force,  taking  a diminution  or  decrement 
of  velocity  in  place  of  an  increment.  A uniformly  re- 
tarded motion  is  that  in  which  the  decrements  of  velo- 
city in  equal  times  are  equal,  and  the  whole  decrements 
are  proportional  to  the  whole  times  of  adtion.  Such  a 
motion  is  the  indication  of  a conftant  or  invariable  force 
adling  in  a diredtion  oppofite  to  that  of  the  motion. 
We  conceive  this  to  be  the  cafe  when  an  arrow  is  fhot 
perpendicularly  upwards ; its  weight  is  conceived  as  a 


force  continually  preffing  it  perpendicularly  downwards.  01  A 
In  fuch  motions,  however  great  the  initial  velocity 
may  be,  the  body  will  come  to  reft  ; becaufe  a certain 
determined  velocity  will  be  taken  from  the  body  in 
each  equal  fucceffive  moment,  and  fome  multiple  of 
this  will  exceed  the  initial  velocity.  Therefore  the 
velocity  will  be  extinguifhed  before  the  end  of  a time 
that  is  the  fame  multiple  of  the  time  in  which  the  velo- 
city was  diminifhed  by  the  quantity  above  mentioned. 

It  is  no  lefs  evident,  that  the  time  in  which  any  velo- 
city will  be  extinguifhed  by  an  oppofing  or  retarding 
force  is  equal  to  the  time  in  which  the  fame  force  would 
generate  this  velocity  in  the  body  previoufly  at  reft. 
Therefore, 

1.  The  times  in  which  different  initial  velocities  will  g. 
be  extinguifhed  by  the  fame  oppofing  force  are  propor- 
tional to  the  initial  velocities. 

2.  The  diftances  to  which  the  body  will  go  till  the  gj 
extindfion  of  its  velocity  are  as  the  fquares  of  the  initial 
velocities, 

3.  They  are  alfo  as  the  fquares  of  the  times  elapfed.  gj 

4.  The  diftance  to  which  a body,  projedfed  with  any 
velocity,  will  go  till  its  motion  be  extinguifhed  by  the 
uniform  adfion  of  a retarding  force,  is  one  half  of  the 
fpace  which  it  would  deferibe  uniformly  during  the 
fame  time  with  the  initial  velocity. 


\ 

It  very  rarely  happens,  that  the  force  V’hich  accele-  Force*  ! 
rates  the  body  adfs  uniformly,  or  with  an  unvaried  in-  nerally 
tenfity.  The  attradlion  of  a magnet,  for  example,  in-  riaWe  i 
creafes  as  the  iron  approaches  it.  The  prefTure  of  a*^®**’“ 
fpring  dirainifhes  as  it  unbends.  The  impulfe  of  a ftream 
of  water  or  wind  diminifhes  as  the  impelled  furface  re- 
tires from  it  by  yielding.  Therefore  the  effedts  of  ac- 
celerating forces  are  very  imperfedtly  explained,  till  we 
have  fhewn  what  motions  refult  from  any  given  varia- 
tion of  force,  and  how  to  difeover  the  variation  of  force 
from  the  obferved  motion.  This  laft  queftion  is  per- 
haps the  moft  important  in  the  ftudy  of  mechanical  na- 
ture. It  is  only  thus  that  we  learn  what  is  ufually  call- 
ed the  nature  of  a mechanical force.  This  chiefly  con- 
fifts  in  the  relation  fubfifting  between  the  intenfity  of 
the  force  and  the  diftance  of  the  fubftance  in  which  it 
refides.  Thus  the  nature  of  that  power  which  pro- 
duces all  the  planetary  motions,  is  confidered  as  afeer- 
tained  when  we  have  demonftrated  that  its  preffure  or 
intenfity  is  inverfely  as  the  fquare  of  the  diftance  from 
the  body  in  which  it  is  fuppofed  to  refide. 

Acceleration  exprefles  fbme  relation  of  the  velocity 
and  time.  This  relation  may  be  geometrically  expref- 
fed  in  a variety  of  ways.  In  figure  13.  the  uniform 
acceleration  or  the  unvaried  relation  between  the  velo- 
city and  the  time  is  very  aptly  exprefled  by  the  con- 
ftant ratio  of  the  ordinates  and  abfeiftes  of  the  triangle 
ag'i.  The  ratio  of  d S' to  ad  \%  the  fame  with  that  of 
et  to  ae,  or  that  oi f to  af,  &c. ; or  the  ratio  of  the 
increment  of  velocity  tar  x to  the  increment  of  the  time 
p ts!  ox  he,  or  that  of  ? <)>  to  e i,  &c.  This  ratio  (kx  <v 

is  equivalent  to  the  fymbol— r. 

t 

But  when  the  fpaces  deferibed  in  a varied  motion 
are  reprefented  by  the  areas  bounded  by  a curve  line 
hko,  we  no  longer  have  that  conftant  ratio  of  the  in- 
crements of  the  ordinates  and  abfeiftes. 

Therefore, 
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Therefore,  in  order  to  obtalrr  meafures  of  die  acce- 
lerating forces,  or  at  lead  of  iheir  proportions,  let  the 
abfcilTa  a eg  (fig.  13.)  of  the  line  again  repre- 
fent  the  time  of  a motion.  Bnt  let  the  areas  bounded 
by  parallel  ordinates  now  reprefent  the  velocities,  that 
■ is,  let  the  whole  area  increafe  during  the  time  ^5'  at 
the  fame  rate  with  the  velocities  of  the  motion  along 
the  line  AG.  In  this  cafe  the  ordinates  i i,  ci,  dU 
&c.  will  be  as  the  accelerations  at  the  inftants  c,  d, 
&c.  or  in  the  points  B,  C,  D,  &c. 

This  is  demonftrated  in  the  fame  way  as  the  former 
propofition  (n°  72.).  If  the  accelerating  force  be  fup- 
pofed  conftant  during  any  two  equal  moments  be  and 
fg,  the  reflangles  bept  and  fgxs  would  exprefs  the 
increments  of  velocity  unifoimly  acquired  in  equal 
times,  and  their  bafes  cp  and  f s would  have  the  ratio 
of  the  accelerations,  or  of  the  accelerating  forces.  But 
as  the  velocities  exprefied  by  the  figure  increafe  fafter 
than  the  times  during  every  moment,  the  force  at  the 
inftant  c is  to  ths  force  at  the  inftant  y^in  a greater  ra- 
tio than  that  of  cp  X.o  f s \ but,  for  fimilar  reafons,  it 
is  in  a lefs  ratio  than  that  of  c y to  f r\  and  therefore 
(as  in  the  other  propofition)  the  force  at  the  inftant  c 
is  to  the  force  at  the  inftant  /'as  ci  to  f n. 

Cor.  Becaufe  cp  is  to  f s in.  the  ratio  compounded 
of  the  dire<ft  ratio  of  the  redtangle  cpih  to  the  reft- 
angle  fsxg^  and  the  Inverfe  ratio  of  the  altitude  to 
the  altitude  fg ; and  becaufe  thefe  redtangles  are  pro- 
portional to  the  increments  of  velocity,  and  the  ulti- 
mate ratio  of  the  altitudes  is  the  ultimate  ratio  of  the  mo- 
ments or  increments  of  the  time — we  rauft  fay,  that  the 
accelerating  forces  ( that  is,  their  intenfities  or  prejfures 
producing  acceleration)  are  direBly  as  the  increments  of 
velocity,  and  inverfely  as  the  increments  of  the  times  : 
Which  propofition  may  be  expreffed,  in  regard  to  two 
accelerations  A and  a,  by  this  analogy : 

A : a rr— 7- : — . 

T / 


Or  by  the  proportional  equation  a==-^.  Alfo  a t 


==  V,  and y'a  t zz  v'.  And  thus  do  thefe  theorems  ex- 
tend even  to  the  cafes  w’here  there  cannot  be  obferved 
an  immediate  meafure,  either  of  velocity  or  of  accele- 
ration ; becaufe  neither  the  fpace  nor  the  velocity  in- 
creafes  uniformly. 


See  Bar- 
row's  LtS}. 
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The  theorem  — r-  is  employed  when  we  would 

t 

difeover  the  variation  in  the  Intenfity  of  fome  natu- 
ral power.  We  obferve  the  motion,  and  reprefent  it 
by  a figure  analogous  to  fig.  13.  where  the  abfeiffa  re- 
prefents  the  times,  and  the  area  is  made  to  increafe  at 
the  fame  rate  with  the  fpaces  deferibed.  Then  the  or- 
dinates w'ill  reprefent  the  velocities,  or  have  the  propor- 
tion of  the  velocities.  Then  we  may  draw  a fecond 
curve  on  the  other  fide  of  the  fame  abfeiffa,  fuch  that 
the  areas  of  this  laft  curve  fhall  be  proportional  to  the 
ordinates  of  the  firft.  'I'he  ordinates  of  this  laft  curve 
are  proportional  to  the  accelerating  forces. 

On  the  other  hand,  when  we  know  from  other  cir- 
cumrtances  that  a force,  varying  according  to  fome 
known  law,  acts  on  a body,  we  can  determine  its  mo- 
tion. The  intenfity  of  the  force  m every  inftant  being 
SUPPL.  Voi..  I. 
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known,  we  can  draw  a line  fo  related  to  another  line  Of  Aceck- 
reprefenting  the  time  that  the  ordinates  fhall  be  pro-  rating  and 
portional  to  the  forces  ; The  areas  w'ill  be  proportional 
to  the  velocities.  We  can  draw  another  curve  to  the 
fame  abfeifs,  fuch  that  the  ordinates  of  this  fhall  be  pro- 
portional to  the  areas  of  the  oth^r,  that  is,  to  the  velo- 
cities of  the  motion.  The  areas  of  this  fecond  curve 
will  be  proportional  to  the  fpaces  deferibed.  9- 

We  muft  now  obferve,  that  all  that  has  been  All  thefe 
faid  concerning  the  effeds  of  accelerating  forces  con-  theorem* 
tinually  varying,  relates  to  changes  of  motion,  indepen- 
dent  of  what  the  abfolute  motions  may  be.  The  areas 
of  the  line  whofe  ordinates  reprefent  the  velocities  do  by  whiA 
not  neceffarily  reprefent  the  fpaces  deferibed,  but  the  means  they 
change  made  on  the  fpaces  deferibed  in  the  fame  time  ; indicate /w- 
not  the  motions,  but  the  changes  of  motion.  If,  in- 
deed,  the  body  be  fuppofed  to  be  at  reft  when  the  for-  ornafural 
ces  begin  to  ad,  thefe  areas  reprefent  the  very  fpaces  power*, 
that  are  paffed  over,  and  the  ordinates  are  the  very  ve- 
locities. In  every  cafe,  however,  the  accelerations  are 
the  real  increments  of  the  velocities. 

This  circumftance  gives  a great  extenfion  to  our  the- 
orems, and  enables  us  to  afeertain  the  difturbances  of 
any  fpecies  of  regular  motion,  apart  from  the  motions 
themfelves,  and  thus  avoid  a complication  which  would 
frequently  be  inextricable  in  any  other  way.  And  this 
procefs,  which  is  merely  mathematical,  is  perfedly  con- 
formable to  mechanical  principles.  It  is  in  fad  an  ap- 
plication of  the  dodrine  of  the  compofition  of  motion  ; 
a dodrine  rigidly  demonftrated  when  we  meafure  a me- 
chanical force  by  the  change  of  motion  which  it  pro- 
duces. Acceleration  is  the  continual  compofition  of  a 
new  motion  with  the  motion  already  produced. 

We  may  learn  from  this  inveftigation  of  the  value  of  No  finite 
an  accelerating  force,  that  no  finite  change  of  velocity  ‘change  of 
is  effeded  in  an  inftant  by  the  adion  of  an  accelerating 
force.  When  the  fig.  13.  is  ufed  for  the  fcale  of  acce- 
lerations,  and  they  are  reprefented  by  the  ordinates  of  by  any  ac- 
the  line  hko,  the  increment  of  velocity  is  reprefented  celeratlng 
by  an  area,  that  is,  by  a flip  of  the  whole  area  ; which 
flip  muft  have  fome  altitude,  or  muft  occupy  fome  por- 
tion of  the  abfeiffa  which  reprefents  time.  Some  por- 
tion of  time,  however  fmall  it  may  be,  muft  elapfe  be-  4 
fore  any  meafurable  addition  can  be  made  to  the  velo- 
city. The  velocity  muft  change  continually.  As  no 
motion  can  be  conceived  as  inftantaneous,  becaufe  this 
would  be  to  conceive,  that  in  one  inftant  the  moving 
particle  is  in  every  point  of  its  momentary  path  ; fo  no 
velocity  can  change,  by  a finite  quantity,  in  one  inftant ; 
becaufe  this  would  be  to  conceive,  that  in  that  inftant 
the  particle  had  all  the  intervening  velocities.  The 
inftant  of  change  is  at  once  the  laft  inftant  of  the  pre- 
ceding velocity,  and  the  firft  of  the  fucceeding,  and 
therefore  muft  belong  to  both.  This  cannot  b^e  con- 
ceived, or  is  abfjrd.  As  a body,  in  pafling  from  one 
part  of  fpace  to  another,  muft  pafs  in  fuccefiion  through 
all  the  intermediate  places ; fo,  in  pafling  from  one  ve- 
locity to  another,  it  muft  in  fuccefiion  have  all  the  in- 
termediate  velocities.  It  mull  be  continually  accelerat-  venknt 
ed ; we  muft  not  fay  gradually,  however  flnall  the  manner  of 
fteps.  conCdering 

But  to  return  from  this  digreflion  : adion 

The  moft  frequent  cafes  which  come  under  examina- 
tion  do  not  ftiew  us  the  relation  between  the  forces  and  frequently 
times,  but  the  relation  between  the  forces  and  fpaces.  coming  in- 
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Of  Accclc-  Thus,  when  a piece  of  iron  is  in  the  neighbourhood  of 
rating  aud  ^ magnet,  or  a planet  is  confidered  in  the  neighbour- 
^FoTceT^  hood  of  the  fun,  a force  is  adling  on  it  in  every  point 
of  its  path,  and  we  have  difcovered  that  the  intenfity 
of  this  force  varies  in  a certain  proportion.  Thus,  a 
fpring  varies  in  its  prelTure  as  it  unbends ; gunpowder 
preffes  lefs  violently  as  it  expands.  See.  See. 

Our  knowledge  is  generally  confined  to  fonie  fuch 
eflfedl  as  this.  We  know,  that  while  a body  is  moving 
along  a line  ADE  (fig.  i6.),  it  is  urged  forward  by  a 
force,  of  which  the  intenfity  varies  in  the  proportion 
of  the  ordinates  BF,  CG,  DH,  El,  &c.  of  the  line 
FGHI. 

To  inveftigate  the  motion  or  change  of  motion  pro- 
duced by  the  adlion  of  this  force,  let  CD  be  fuppofed 
a very  fmall  portion  of  the  fpace  s,  which  we  may  ei- 
prefs  by  s'.  Draw  GK  perpendicular  to  DH.  Then, 
if  we  fuppofe  that  the  force  adts  with  the  unvaried  in- 
tenfity CG  through  the  whole  fpace  CD,  the  redtangle 
CDKG  will  exprei's  half  of  the  increment  of  the  fquare 
of  the  velocity  (n°  85.).  We  may  fuppofe  that  the 
force  acts  uniformly  along  the  adjoining  fmall  fpace 
Dr  with  the  intenfity  DH.  The  redtangle  DH  or 
will  in  like  manner  exprefs  another  half  increment  of 
the  fquare  of  the  velocity.  And  in  like  manner  we 
may  obtain  a fucceffion  of  fuch  Increments.  The  ag- 
gregate or  fum  of  them  all  will  be  half  the  difference 
between  the  fquare  of  the  velocity  at  B and  the  fquare 
of  the  velocity  at  E. 

If  we  employ  f to  exprefs  the  indetermined  or  va- 
riable intenfity  of  the  accelerating  force,  and  v to  ex- 
prefs the  variable  velocity,  and  v'  its  increment  uniform- 
ly acquired  ; then  the  redtangle  CDKG  will  be  ex- 
prelfed  by  f s'.  We  have  feen  that  this  is  equal  to  v v'. 
Therefore,  in  every  cafe  where  we  can  tell  the  aggre- 
gate of  all  the  quantities  fs,  it  is  plain  that  we  will  ob- 
tain half  the  difference  between  the  fquares  of  the  ve- 
locities in  B and  E,  on  the  fuppofition  that  the  intenfi- 
ty of  the  force  was  conftant  along  each  little  fpace,  and 
varied  by  ftarts.  Then,  by  increafing  the  number,  and 
diminiftiing  the  magnitude,  of  ihofe  little  portions  of 
the  fpace  without  end,  it  is  evident  that  we  terminate 
in  the  expreffion  of  the  real  ftate  of  the  cafe,  i.  e,  of  a 
force  varying  continually  ; and  that  in  this  cafe  the  ag- 
gregate of  thefe  reffangles  occupies  the  whole  area 
AEIF,  and  is  equivalent  to  the  fluent  of  f s,  or  to  the 
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fymbolyy  /,  ufed  by  the  foreign  mathematicians  to  ex- 


prefs this  fluent,  which  they  indeed  conceive  as  an  ag- 
gregate of  fmall  redangles  f s'.  And  we  fee  that  this 
area  expreffes  half  of  the  augmentation  of  the  fquare 
of  the  velocity.  Therefore, 

If  the  ahfc'ijfa  AE  (fig.  16.)  ^ a line  FGI  is  the  path 
along  ivhich  a body  is  urged  by  any  accelerating  force, 
and  if  the  ordinates  BF,  CG,  DH,  Ss’e.  are  proportional 
to  the  forces  aBlng  in  the  points  B,  C,  D,  SySc.  the  inter- 
cepted areas  BCGF,  BEIF,  Safe,  are  proportional  to  the 
augmentations  of  the  fquare  of  the  velocity. 

Obferve  that  the  areas  BCGF  and  DEIH  are  alfo 
proportional  to  the  augmentations  made  on  the  fquares 
of  the  velocities  in  B and  in  D. 

Obferve  alfo,  that  it  is  indifferent  what  may  have 
been  the  original  velocity.  The  adion  of  the  forces  re- 
prefented  by  the  ordinates  make  always  the  fame  addi- 
tion to  its  fquare  j and  this  addition  is  half  the  fquare 


M I C S. 

of  the  velocity  which  thofe  forces  would  generate  in 
the  body  by  impelling  it  from  reft  in  the  point  A. 

Laftly,  on  this  head,  obferve,  that  we  can  ftate  what 
conftant  or  variable  force  will  make  the  fame  augmen- 
tation of  the  fquare  of  the  velocity  by  Impelling  the 
body  uniformly  along  the  fame  fpace  BE  ; or  along 
w'hat  fpace  a given  force  muft  impel  the  body,  in  order 
to  produce  the  fame  increafe  of  the  fquare  of  its  velo- 
city. In  the  firft  cafe,  we  have  only  to  make  a red- 
angle BEN  <j>,  equal  to  the  area  BEIF,  and  then  B <j»  is 
the  intenfity  of  the  conftant  force  wanted.  In  the  fe- 
cond  cafe,  in  which  the  force  EO  is  given,  we  muft 
make  the  rcdangle  A « OE  equal  to  the  area  BEIF, 
and  AE  is  the  fpace  required. 

The  converfe  of  this  propofition,  viz.  If  the  areas 
are  as  the  increments  of  the  fquare  of  the  velocity,  the  or- 
dinates are,  as  the  forces,  is  eafily  ffemonftrated  in  the 
fame  way;  for  if  the  elementary  areas  CDKG  and 
EIM  e reprefent  increments  of  the  fquares  of  the  velo- 
city, the  accelerating  forces  are  in  the  ratio  compound- 
ed of  the  dired  ratio  of  thefe  redangles  and  the  in- 
verfe  ratio  of  their  altitudes,  becaufe  thefe  altitudes 
are  the  increments  of  the  fpace  (n°  85).  Now  the 
bafe  CG  of  the  redangle  CDKG,  is  to  the  bafe  El  of 
the  redangle  EIM  e in  the  fame  compounded  ratio  ; 
therefore  the  force  in  C is  to  the  force  in  E as  CG  to 
El. 

The  line  k h 0 (fig.  13.)  was  called  by  Dr  Barrow 
(who  firft  introduced  this  extenfive  employment  of  mo- 
tion into  geometry),  the  scale  ^ velocities;  and  the 
line  FHL  (fig.  16.)  was  named  by  him  the  fcale  of  ac- 
celerations. Hermann,  in  his  Phoronomia,  calls  it  the 
fcale  of  forces.  We  fhall  retain  this  name,  and  we  may 
call  h k 0 of  fig.  13.  the  fcale  of  accelerations,  when 
the  areas  reprefent  the  velocities.  Sir  Ifaac  Newton 
added  another  fcale  of  very  great  ufe,  viz.  a fcale  of 
times.  It  is  conftruded  as  follows. 

Let  ABE  (fig.  16.)  be  tlie  line  along  which  a body 
is  accelerated,  and  let  FHI  be  the  fcale  of  forces,  that 
is,  having  its  ordinates  FB,  HD,  IE,  &c.  proportional 
to  the  forces  ading  at  B,  D,  E,  F,  &c.;  let  / ^ 2 be 
another  line  fo  related  to  ABE,  tftat  C « is  to  E r in 
the  inverfe  fubduplicate  ratio  of  the  afea  BFGC  to 
the  area  BFIE;  or,  to  exprefs  it  more  generally,  let 
the  fquares  of  the  ordinates  to  the  line  f g ihe  invet  fely, 
as  the  areas  of  the  line  FHI  intercepted  between  thefe 
ordinates  and  the  firft  ordinate  drawn  through  B ; then 
the  times  of  the  bodies  moving  from  a ftate  of  reft  in 
B are  as  the  Intercepted  areas  of  the  curve  f g i. 

For  let  CD  and  E e be  two  very  fmall  portions  of 
the  fpace  deferibed  in  equal  times.  They  will  be  ulti- 
mately as  the  velocities  in  C and  E.  The  area  FBCG 
is  to  the  area  FBEI  as  the  fquare  of  E i to  the  fquare 
of  C ^ (by  cenftrudion)  ; but  the  area  FBCG  is  to 
FBEI  as  the  fquare  of  the  velocity  at  C to  the 
fquare  of  the  velocity  at  E (by  the  propofition) 
therefore  the  fquare  of  the  velocity  at  C is  to  the 
fquare  of  the  velocity  at  E as  the  fquare  of  E i to 
the  fquare  of  C ^ therefore  E i is  to  C ^ as  the  ve- 
locity at  C to  the  velocity  at  E,  that  is,  as  CD 
to  E tf  : but  fince  E i : C^  =:  CD  : E e,  v/e  have  E i 
><Eer=C^XCD,  and  the  elementary  redangles 
C D and  Y.  i m e are  equal,  and  may  reprefent  the 
equal  moments  of  time  in  which  CD  and  E e were 
deferibed.  Thus  the  areas  of  the  line  f gl  will  repre- 
fens 
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Of  Aceele-  when  the  body  is  uniformly  impelled  along  KC  by  the 
rating  and  conftant  force  IK,  the  fquare  of  the  velocity  acquired 
Retarding  ^t  C is  reprefented  by  half  the  reitangle  IKCH,  and 
therefore  it  is  equal  to  the  velocity  which  the  variable 
force  generates  by  impelling  it  along  AC  (by  the  way, 
an  important  obfervation).  The  body  will  defcribe 
AC  uniformly  with  this  velocity  in  the  fame  time  that 
it  is  uniformly  accelerated  along  KC.  Therefore  by 
Cor,  5.  tile  prcpofition  is  manifelt. 

Cor.  7.  If  two  bodies  defcribe  AC  and  KC  by  the 
adion  of  forces  which  are  every  where  propotional  to 
the  dillances  from  C,  their  final  velocities  will  be  pro- 
portional  to  the  dillances  run  over,  and  the  times  will 
be  equal. 

For  the  fquares  of  the  final  velocities  are  propor- 
tional to  the  triangles  ADC,  LKC,  that  is,  to  AC* 
KC*,  and  therefore  the  velocities  are  as  AC,  KC. 
The  times  of  defcribing  AC  and  KC  uniformly,  with 
velocities  proportional  to  AC  and  KC,  mull  be  equal ; 
and  thefe  times  are  in  the  fame  ratio  [viz.  that  of  ra- 
dius to  ^ of  the  circumference)  to  the  times  of  defcri- 
bing AC  and  KC  with  the  accelerated  motion.  There- 
fore, &c. 

Thus  by  availing  ourfelves  of  the  properties  of 
the  circle,  we  have  difcovered  all  the  properties  or 
characters  of  a motion  produced  by  a force  always 
directed  to  a fixed  point,  and  proportional  to  the  dif- 
tance  from  it.  Some  of  thefe  are  remarkable,  fuch 
as  the  laft  corollary  ; and  they  are  all  important ; for 
there  are  innumerable  cafes  where  this  law  of  ac- 
tion obtains  in  Nature.  It  is  nearly  the  law  of  aCtion 
of  a bowftring,  and  of  all  elaftic  bodies,  when  their 
change  of  figure  during  their  mutual  aCtion  is  mode- 
rate ; and  it  has  been  by  the  help  of  this  propofition, 
firft  demonftrated  in  a particular  cafe  by  Lord  Brouncker 
and  Mr  Huyghens,  that  we  have  been  able  to  obtain 
precife  meafures  of  time,  and  confequently  of  aClual 
motions,  and  confequently  of  any  of  the  mechanical 
powers  of  Nature.  It  is  for  this  reafon,  as  well  as  for 
the  eafy  and  perfpicuous  employment  of  the  mathema- 
tical method  of  proceeding  that  we  have  feleCted  it. 

Inftead  of  giving  any  more  particular  cafes,  we  may 
ebferve  in  general,  that  if  the  intenfity  of  the  force  be 
proportional  to  any  power  whofe  index  is«  — i of  the 
diftance,  and  if  a be  the  diftance  from  the  fixed  point 
at  which  the  body  begins  to  be  accelerated,  and  x its 
^fiance  from  that  point  in  any  part  of  the  motion,  the 

velocity  willbe  — x'‘.  This  is  very  plain,  be- 

caufe  the  increment  CGHD  of  the  area  of  fig.  16. 
which  is  alfo  the  increment  of  the  fquare  of  the  veloci- 
ty, is  = and  the  area  is  = > attd  the  whole 

aiea,  correfponding  to  the  diftance  a,  is  a".  Therefore 
' the  portion  of  the  area  lying  beyond  the  diftance  x is 

a” x”.  This  is  as  the  fquare  of  the  velocity,  and 

therefore  the  velocity  is  as  the  fquare  root  — x" 
of  this  quantity. 

This  propofition,  f s^v  v,  or  / =-1; — , is  the 

S 

39th  of  the  firft  book  of  Newton’s  Principiay  and  is 
perhaps  the  moft  important  in  the  whole  dodrineof  dy- 
namics, whether  employed  for  the  inveftigation  of  forces 
or  for  the  explanation  of  motions.  It  furnifhes  the 
moft  immediate  data  for  both  purpofes,  but  more  efpe- 


cially  for  the  laft.  By  its  help  Sir  Ifaac  Newton  was  Of  AcccI 
able  to  point  out  the  numerous  difturbances  of  the  pla-  I'ating  an 
netary  motions,  and  to  feparate  them  from  each  other ; 
thus  unravelling,  as  it  were,  that  moft  intricate  motion 
in  which  all  are  blended  together.  He  has  given  a moft 
wonderful  fpecimen  of  its  application  in  his  Lunar 
Theory. 

We  now  are  able  to  explain  all  the  puzzling  fads 
which  were  adduced  by  Leibnitz  and  his  partifans  in 
fupport  of  their  meafure  of  the  forces  of  bodies  in  mo- 
tion. We  fee  why  four  fprings,  equally  bent,  commu- 
nicate but  a double  velocity,  and  nine  fprings  but  a tri- 
ple velocity  ; why  a bullet  moving  twice  as  fail  will  pe- 
netrate an  earthen  rampart  to  a quadruple  depth,  &c.  &c. 

This  theorem  alfo  gives  a moft  perfpicuous  explanation  Confer-uatl^ 
of  thefamous  dodrine  called  confervatio  virium  vivanm,  "omum 
When  perfedly  elaftic  bodies  ad  on  each  other, it  is  found 
that  the  fum  of  the  mafles  multiplied  by  the  fquares  of 
the  velocities  is  always  the  fame.  This  has  been  fubfti- 
tuted,  with  great  encomiums,  by  the  German  philofo- 
phers  in  place  of  Des  Cartes’s  principle,  that  the  quan- 
tity of  motion  in  the  univerfe,  eftimated  in  one  direc- 
tion, remains  always  the  fame.  They  are  obliged,  how- 
ever, to  acknowledge,  that  in  the  adions  of  perfedly 
hard  bodies,  there  is  always  a lofs  of  "vis  viva,  and 
therefore  have  denied  the  exiftence  of  fuch  bodies.  But 
there  is  the  fame  lofs  in  the  mutual  adions  of  all  foft  or 
dudile,  or  even  imperfedly  elaftic,  bodies  ; and  they 
are  miferably  puzzled  how  to  explain  the  fad:  but  both 
the  confervatio  and  the  amijjio  are  necefiary  confequen- 
ces  of  this  theorem. 

In  the  collifion  of  elaftic  bodies,  the  whole  change  of 
motion  is  produced  during  the  (hort  time  that  the  bo- 
dies are  comprefted,  and  while  they  regain  their  figure. 

When  this  is  completed,  the  bodies  are  at  the  fame  di- 
ftance  from  each  other  as  when  the  mutual  adion  be- 
gan. Therefore  the  preceding  body  has  been  accelera- 
ted, and  the  following  body  has  been  retarded,  along 
equal  fpaces  ; and  in  every  point  of  thisfpace  the  acce- 
leratiitg  and  the  retarding  force  has  been  equal.  Con- 
fequently the  fame  area  of  fig.  17.  exprefles  the  change 
made  on  the  fquare  of  the  velocity  of  both  bodies. 
Therefore,  if  V and  U are  the  velocities  before  collifion, 
and  V and  u the  velocities  after  collifion,  of  the  two  bn- 


dies  A and  B,  we  muft  have  A X V* — r;*irB  X — V*, 
and  therefore  A xV*-{-B  X U*— A X -j-Bx«*. 

But  in  the  other  clafs  of  bodies,  which  do  not  com- 
pletely regain  their  figure,  but  remain  comprefted,  they 
are  nearer  to  each  other  when  their  mutual  adion  is 
ended  than  when  it  began.  The  foremoft  body  has 
been  accelerated  along  a Ihorter  fpace  than  that  along 
which  the  other  has  been  retarded.  The  mutual  forces 
have,  in  every  inftant,  been  equal  and  oppofite.  There- 
fore the  area,  which  exprelfes  the  diminution  of  the 
fquare  of  the  velocity,  muft  exceed  the  area  exprelfing 
the  augmentation  by  a quantity  that  is  always  the  fame 
when  the  permanent  compreftion  is  the  fame  ; that  is, 

when  the  relative  motion  is  the  fame.  AxV* — v^ 
muft  exceed  Bx«* — U*,  and  AxV*-fBxU*  muft 
exceed  Ax'a*-]-  Bx«** 

This  fame  theorem  is  of  the  moft  extenfive  ufe  in  all 
pradical  queftions  in  mechanic  arts : and  without  it 
mechanics  can  go  no  further  than  the  mere  ftatement  of 
equilibrium. 

Hermann^ 


DYNAMICS. 


)f  Accele- 
ating  and 
etarding 
Forces. 


iillory  of 
95.  is 
urious. 

!*'■ 


I 


I 


RV 


(I: 


Hermann,  profefTor  of  mathematics  at  Pavia,  one  of 
the  ornaments  of  the  mathematical  clafs  of  philofophers, 
has  given  a pretty  demonflration  cf  this  valuable  propo- 
fition  in  the  Aila  Eruditorum  Lipfuz  for  1709  ; and 
fays,  that  having  fearched  the  v,rritings  of  the  mathema- 
ticians with  great  care,  he  found  himfelf  warranted  to 
fay,  that  Newton  w’as  the  undoubted  author,  and  boafts 
of  his  own  as  the  firft  fynthetical  demondration.  The 
purpofe  of  this  affertion  was  not  very  apparent  at  the 
time  ; but  long  after,  in  1 746,  when  Hermann’s  papers, 
preferved  in  the  town-houfe  of  Pavia,  were  examined, 
in  order  to  determine  a difpute  between  Maupertuis  and 
Koenig  about  the  claim  to  thedifcovery  of  the  princtple 
of  leajl  adlion,  letters  of  Leibnitz’s  were  found,  requeft- 
ing  Hermann  to  fearch  for  any  traces  of  this  propofi- 
tion  in  the  writings  of  the  mathematicians  of  Europe. 
Leibnitz  w'as  by  this  time  the  envious  detraffor  from 
Newton’s  reputation  ; and  could  not  but  perceive,  that 
all  his  contorted  arguments  for  his  dodtrine  received  a 
clear  explanation  by  means  of  this  propofition,  in  per- 
fect conformity  to  the  ufual  meafure  of  moving  forces. 
Newton  bad  difcovered  this  theorem  long  before  the 
publication  of  the  Principia,  and  even  before  the  difco- 
very  of  the  chief  propofition  of  that  book  in  1666: 
for  in  his  optical  Ledtures,  the  materials  of  which  were 
in  his  poifeffion  in  1664,  he  makes  frequent  ufe  of  a 
propofition  founded  on  this  (fee  n®  42.).  We  may 
here  remark,  that  Hermann’s  demonftration  is,  in  every 
ftep,  the  fame  with  Dr  Barrow’s  demonftration  of  it  as 
a theorem  merely  geometrical,  without  fpeaking  of  mo- 
ving forces  (fee  Le5,  Geomeir.  xi.  p.  85.  edit.  16.), 
but  giving  it  as  an  inftance  of  the  transformation  of 
curves,  which  he  calls  scales  cf  velocity,  of  time,  of 
acceleration,  &c.  It  is  very  true  that  Barrow,  in  thefe 
mathematical  ledtures,  approached  very  near  to  both  of 
Newton’s  dlfcoveries,  the  fladlionary  geometry,  and  the 
principles  of  dynamics  ; and  the  junto  on  the  continent, 
who  were  his  continual  detradcoi  s,  charge  him  with  im.- 
pudent  plagiarifm  from  Dr  Barrow,  and  even  fay  that 
he  has  added  nothing  to  the  difcoverles  of  his  teacher. 
But  furely  Dr  Barrow  was  the  beft  judge  of  this  mat- 
ter ; and  fo  far  from  relenting  the  ufe  which  Newton 
has  made  of  what  he  had  taught  him,  he  was  charmed 
with  the  genius  of  the  juvenis  fpeElatlfjimus  his  fcholar, 
and  of  his  own  accord  gave  him  his  profeftorial  chair, 
and  ever  after  lived  in  the  utmoft  harmony  and  friend- 
fhip  with  him.  Nay,  it  would  even  appear,  from  feme 
expreffions  in  thofe  very'  ledlures,  that  Dr  Barrow  owed 
to  young  Newton  the  firft  thought  of  making  fuch  ex- 
tenfive  ufe  of  motion  in  geomery.  We  recommend  this 
work  of  Barrow’s  to  the  ferious  perufal  of  our  readers, 
w’ho  w'ilh  to  acquire  clear  notions  of  thefclence  of  mo- 
tion, and  an  elegant  tafte  in  their  mechanical  difquifi- 
tions.  After  all  the  cultivation  of  this  fcience  by  the 
commentators  and  followers  cf  Newton,  after  the  Pho- 
ronomia  of  Hermann,  the  Mechanica  of  Euler,  the  Dy- 
namique  of  D’Alembert,  and  the  Mechanique  Analytlque 
nf  De  la  Grange,  w'hich  are  undoubtedly  w'orks  of  tran- 
feendent  merit  and  utility,  the  Prhioipia  of  Newton  will 
ftill  remain  die  moft  pleafing,  perfpicuous,  and  eleg.ant 
fpecimen  of  the  application  of  mathematics  to  the  fcience 
of  univerfal  mechanics,  or  what  we  call  Dynamics. 

The  two  fundamental  theorems  f t—v,  and  f's 
zz  V V,  enable  us  to  folve  every  queilion  of  motion  ac- 
celerated or  retarded  by  the  adiion  of  the  mechanical 


powers  of  nature.  But  the  employment  of  them  may 
be  greatly  expedited  and  fiinplified  by  noticing  tw'o  or 
three  general  cafes  which  occur  very  frequently. 

Thefe  may  he  called  Jimilar  injlants  of  time,  and  Jimilar 
points  of  fpace  which  divide  given  portions  of  time,  and  of 
fpace  in  the  fame  ratio.  Thus  the  middle  is  a fimilar  in- 
ftant  of  an  hour  or  of  a day,  and  is  the  fimilarly  fituated 
point  of  afoot  or  of  a yard.  The  beginning  of  the  zxft 
minute,  and  of  the  9th  hour,  are  fimilar  inftants  of  an 
hour  and  of  a day.  The  beginning  of  the  5th  inch,  and 
of  the  2d  foot,  are  fimilar  points  of  a foot  and  of  a yard. 

Forces  may  be  faid  to  act  fimilarly  when  their  inten- 
Jities  in  Jimilar  infants  of  lime,  or  in  Jimilar  points  of 
fpace,  are  in  a confant  ratio.  Thus  in  fig.  17.  when 
one  body  is  impelled  towards  C from  A,  and  anoilier 
from  K,  each  wfith  a force  proportional  to  the  dlftance 
of  every  point  of  its  motion  from  C,  thefe  forces  may 
be  faid  to  act  fimilarly  along  the  fpaces  AC  and  KC, 
or  during  the  times  reprefented  by  the  quadrantal  arches 
AFH,  KNO.  The  following  propofitions  on  fimilar 
aflions  will  be  found  very  ufeful  on  many  occafions ; 
but  we  muftpremife  a geometrical  lemma. 

If  there  be  two  lines  EFGH  (fig.  18.),  ef  g h,^Q  re- 
lated to  their  abfeiftes  AD,  a d,  that  the  ordinates  IK, 

/ k,  drawn  from  fimilar  points  I and  i of  the  abfeiffes, 
are  in  the  conftant  ratio  of  AE  lo  a e ; then  the  area 
ADHE  is  to  the  area  a dh  e as  the  redangle  of  AD 
X AE  to  the  redangle  ady.a  e. 

For  let  each  abfcifta  be  divided  into  the  fame  number 
of  equal  and  very  fmall  parts,  of  w'hich  let  CD  and  c d 
be  one  in  each.  Inferibe  the  ledangles  CGID,  c g i d. 
Then  becaufe  the  number  of  parts  in  each  axis  is  the 
fame,  the  lengths  of  the  portions  CD  and  c d will  be 
proportional  to  the  whole  abfeifles  AD  and  a d.  And 
becaufe  C and  c are  fimilar  points,  CG  is  to  c g-  as  AE 
is  to  a e.  Therefore  CDxCG  : cdxcg—  AD 
A E : fi  dy.a  e.  This  is  true  of  each  pair  of  correfpond- 
ing  redangles ; and  therefore  it  is  true  of  their  Aims. 
But  when  the  number  of  tliefe  redangles  is  iacreaf- 
ed,  and  their  breadth  dlminifhed  without  end,  it  is  evi- 
dent that  the  ultimate  ratio  of  the  fum  of  all  the  redan- 
gles, fuch  as  CDHG  to  the  fum  of  all  tlie  redangles 
c dh  g \%  the  fame  with  that  of  the  area  ADHE  to  the 
area  a d h e,  and  the  propofition  is  manifeft. 

If  two  particles  of  matter  are  fimilarly  impelled  durhicr 
given  times,  ike  changes  of  velocity  are  as  the  times  and  as 
the  forces  jointly. 

Let  the  times  be  reprefented  by  the  ftraight  lines 
ABC  (fig.  19.)  and  a h c,  and  the  forces  by  the  ordi- 
nates AD,  BE,  CF,  and  a d,b  e,  c f.  Then  if  B and 
h are  fiindar  inftants  (fuppofe  the  middles)  of  the 
whole  times,  we  have  xh  e ~ •.  a d.  There- 
fore, by  the  lemma,  the  area  ACFD  is  to  a cfdm 
ACxAD  to  acAad.  But  thefe,  areas  are  propor- 
tional to  the  velocities  (n®  72),  and  the  propofition  is 
demonftrated.  For  the  fame  reafon,  the  change  of  ve- 
locity during  ilie  time  AB  is  to  the  change  during  a b 
as  A B X A.D  to  ah  X ad. 

Cor.  I.  If  the  times  and  forces  are  reciprocally  pro- 
portional, the  changes  of  velocity  are  equal  ; and  if  the. 
forces  are  inverfely  as  die  times,  the  changes  of  veloci- 
ty are  equal. 

If  two  partUles  be  fimilarly  urged  along  given  fpaces, 
the  changes  made  on  the  fquares  of  the  velocities  are  ai  the 
forces  and  fpaces  jointly. 

For  if  AC  (fig.  19.)  and  a c are.  the  fpaces  along 
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Of  Accele-  which  the  particles  are  impelled,  and  the  forces  are  as 
rating  and  ordinates  AD  and  a d,  the  areas  ACFD,  and  acf  d 
^ForceT^  are  as  the  changes  on  the  fquares  of  the  velocities.  But 
/ thefe  areas  are  as  ACxAD,  and  acy,ad.  There- 
fore, &c. 

Cor.  2.  If  the  fpaces  are  Inverfely  as  the  forces,  the 
changes  of  the  fquares  of  the  velocities  are  equal ; and 
if  thefe  are  equal,  the  fpaces  are  inverfely  as  the  forces. 

Cor.  3.  If  the  fpaces,  along  which  the  particles  have 
been  impelled  from  a previous  flate  of  reft,  are  dire£Hy 
as  the  forces,  the  velocities  arealfo  as  the  forces.  For, 
becaufe  the  changes  of  the  fquares  of  the  velocities  are 
as  the  fpaces  and  forces  jointly,  they  are  in  this  cafe 
as  the  fquares  of  the  forces  or  of  the  fpaces  ; but  the 
changes  of  the  fquares  of  the  velocities  are  in  this  cafe 
the  whole  fquares  of  the  velocities  ; therefore  the  fquares 
of  the  velocities  are  as  the  fquares  of  the  forces,  and  the 
velocities  are  as  the  forces.  N.  B . This  includes  the 
motions  reprefented  in  fig.  17. 

If  two  particles  he  Jimilarly  impelled  alos7j  given 
fpaces,  from  a fate  of  ref,  the  fquares  of  the  tiiKes  are 
proportional  to  the  fpaces  diredly,  and  to  the  forces  in- 
verfely. 

Let  ABC  (fig.  19.)  ahcht  the  fpaces  defcribed> 
and  AD,  a d,  the  accelerating  forces  at  A and  a.  Let 
V,  B exprefs  the  velocity  at  B,  and  v,  b the  velocity 
at  b. 

Let  GHK  and  ^ h k be  curves  whofe  ordinates  are 
inverfely  as  the  velocities  at  the  correfponding  points  of 
the  abfcifTa.  Thefe  curves  are  therefore  exponents  of 
the  times  (n°  99.)  Then,  becaufe  the  forces  adl  fimi- 
larly,  we  have,  by  the  laft  theorem,  ACxAD  : a c 
'Xad-^\  '?>xv\b,-hb^  : HBL  Therefore  HB 


top 


There  remains  one  thing  more  to  be  fald  concerning 
the  adlion  of  accelerating  forces.  Their  magnitude  is 
afcertained  by  their  effecf.  Therefore  that  is  to  be 
confidered  as  a double  force  which  produces  a double 
quantity  of  motion.  Therefore  when  a body  A con- 
tains twice  the  number  of  equal  atoms  of  matter,  and 
acquires  the  fame  velocity  from  the  aiftion  of  the  force 
F that  another  body  a,  containing  half  the  number  of 
atoms,  acquires  from  the  adlion  of  a force  f,  we  con- 
ceive F to  be  double  of  f.  That  this  is  a legitimate  in- 
ference appears  clearly  from  this,  that  we  conceive  the 
fenfible  weight  of  a body,  or  that  preffiire  which  it  ex- 
erts on  its  fupports,  as  the  aggregate  of  the  equal  pref- 
fare,  of  every  atom,  accumulated  perhaps  on  one  point ; 
as  when  the  body  hangs  by  a thread,  and,  by  its  inter- 
vention, pulls  atfome  machine.  Without  inquiring  in 
what  manner,  or  by  what  intervention,  this  accumul.a- 
tion  of  prefiure  is  brought  about,  we  fee  clearly  that  it 
refuksfrom  tlie  equal  accelerating  force  of  gravity  adt- 
ing  immediately  on  each  atom.  When  this  weight  is 
thus  employed  to  move  another  body  by  the  interven- 
tion of  the  thread,  which  is  attached  to  one  point  per- 
haps of  that  body,  it  puts  the  whole  into  motion,  gene- 
rating a certain  velocity  v in  every  atom,  by  adling 
uniformly  during  the  time  t.  We  conceive  each  atom 
to  have  fuftalned  the  adlion  of  an  equal  accelerating  force, 
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whofe  meafure  Is.^.  Without  confidering  how  this 


: h ^ — I acXa  d '.  -i/ACx  AD  and  therefore  in  a 
conftant  ratio.  Call  this  the  ratio  of  m to  n.  But, 
fince  the  ordinates  of  the  lines  GHK,  k are  inverfe- 
ly as  the  velocities,  the  areas  are  as  the  times  (n°  99)  ; 
and  fince  thefe  ordinates  are  in  the  conftant  ratio  of  m 
to  n,  the  areas  are  ia  the  ratio  of  ACx»z  to  cx«. 
Therefore  (calling  the  times  of  the  motions  T and  t'), 
we  have 

^ t =.  m KQ,  \ n a c and  therefore 
T*  : Cz=.  w*  X AC^  •.  n'’  y.a  c''.  But 

: n’rra  AC  X AD.  Therefore 

C a cy.a  dy.  AC^  : AC  X AD  X <3 c*, 

Or  : C =z  a J X AC  : AD  c. 

OrT^:C  = — : 

AD  ad 

The  attentive  reader  will  obferve  that  thefe  three 
propofitions  give  a great  extenfion  to  the  theorems 
which  were  formerly  deduced  from  the  nature  of  uni- 
formly accelerated  motion,  or  of  uniform  adlion  of  the 
forces,  and  were  afterwards  demonftrated  to  obtain  in 
the  momentary  adlion  of  forces  any  how  variable. 

The  firft  of  the  three  propofitions,  V : u = FxT: 
fX^t  is  the  extenfion  of  the  theorem  yx/zrw.  The 
fecond,  V*  : n*  = FxS  :yx/»  is  the  extenfion  of  the 

• • S j 

theorem  And  the  third,  — : — 

F /’ 

is  the  extenfion  of/=  — , or  of /x  (/*)*=  /.  Thefe 

{C). 

theorems  hold  true  of  all  fmilar  adlions  ; and  only  for 
this  reafon,  are  true  of  uniformly  accelerated  motions,  or 
uniform  adlions. 


force  Is  exerted  on  each  atom,  or  by  what  it  Is  imme- 
diately exerted,  or  how  it  is  cliffufed  through  the  body 
from  the  point  to  wdiich  the  weight  of  the  other  body 
is  applied  by  means  of  the  thread  ; we  ftill  confider  it 
as  the  aggregate  of  the  aaion  of  gravity  on  each  atom 
of  that  other  body.  Moreover,  attending  only  to  the 
motion  produced  by  it,  and  perhaps  not  knowing  the 
w'eight  of  the  impelling  body,  we  meafure  it,  as  a mo- 
ving force,  by  confidering  it  as  the  aggregate  of  the 
forces  propagated  to  each  atom  of  the  impelled  body, 

V 

and  meafured  by  j'  If  we  know  that  the  impelled 
body  contains  the  number  m of  atoms,  the  aggregate  of 


c . V mv 
torces  IS  vt,  — , or  — . 

t t 


But  fince  we  meafure  forces  by  the  quantity  of  motion 
which  they  produce,  we  muft  conceive,  that  when  the 
fame  force  is  applied  to  a body,  which  confifts  of  n par- 
ticles, and  produces  the  velocity  a,  by  adling  uniformly 


U 

during  the  fame  time  t,  the  force  « ^ is  equal  to  the 


V 

force  m 


Sir  Ifaac  Newton  found  it  abfolutely  rseceftary,  in 
the  difquifitions  of  natural  philofophy  to  keep  this  cir- 
cumftance  of  acceleration  clear  of  all  notions  of  quanti- 
ty of  matter,  or  other  confiderations,  and  to  contem- 
plate the  affedlions  of  motion  only.  He  therefore  con- 


V 


fidered  j as  the  true  original  m.eafure  of  accelerating 

He  therefore  calls  the 
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force,  and  w ~ as  an  aggregate. 

aw  moirix,  a moving  force,  meafured  by  the 
quantity  of  motion  that  it  generates.  And  he  confines 

V 

the  term  accelerating  force  to  the  quantity  j"'  meafured 

by 
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force  ■,  mofi;  commonly  tliis  is  InJicated  by  extrinfic  clr- 
cumflances.  The  deflecting  force  is  frequently  obfer- 
Ted  to  refide  in,  or  to  accompany  fome  other  body.  It 
may  be  prefiimed,  therefore,  that  it  acts  in  the  direc- 
tion of  the  line  drawn  to  or  from  that  body  ; yet  even 
this  is  uncertain.  The  mofl:  general  rule  for  this  invef- 
ligation  is  to  obferve  the  place  of  the  body  at  feveral 
intervals  of  lime. before  and  after  its  paffing  through  the 
point  of  the  curve,  where  we  are  interefted  to  find  its 
precife  direction.  We  tlien  draw  lines,  joining  thole 
places  with  the  places  ('.f  tire  tangent  where  the  body 
would  have  been  by  ihe  uniform  motion  only.  We  fhall 
perhaps  obferve  thefe  lines  of  junCfion  keep  in  parallel 
pofitions  : we  may  be  alTured,  that  the  direction  of  the 
tranfverfe  force  is  the  fame  with  that  of  any  of  theie 
lines.  Tins  is  the  cafe  in  the  example  jull  now  given 
of  a parabolic  motion.  But  when  thefe  lines  change 
pofition,  they  will  change  it  gradually  ; and  their  pofi- 
tion  in  the  point  of  contact  is  that  to  which  their  pofi- 
tions on  both  fides  of  it  gradually  approximate. 

But  all  this  is  deftitute  of  the  precifion  requifite  in 
philofophical  difcuffion.  We  are  indebted  to  Sir  Ifaac 
Newton  for  a theorem  which  afcertains  the  diredtion  of 
the  tranfverfe  force  with  all  exadtnefs,  in  the  cafes  in 
whichwemoftof  allwifli  to  attain  mathematical  accu- 
racy, and  which  not  only  opened  the  accefs  to  thofe 
difcovcries  which  have  immortalifed  his  name,  but  alfo 
pointed  out  to  him  the  path  he  was  to  follow,  and  even 
marked  his  firfl  fteps.  It  therefore  merits  a very  par- 
ticular treatment. 

If  a body  defcribes  a curve  line  ABC,  DEF  (fig. 
21.)  lying  in  one  plane  ; and  if  there  be  a point  S fo 
fituated  in  this  plane  that  the  line  joining  it  with  the 
body  defcribes  areas  ASB,  ASC,  ASD,  See.  propor- 
tional to  the  times  in  which  the  body  defcribes  the  ar- 
ches AB,  AC,  AD,  See.  the  force  which  deflefls  the 
body  from  reftilineal  motion  is  continually  directed  to 
the  fixed  point  S. 

Let  Its  firft  fuppofe  that  the  body  defcribes  the  po- 
lygon ABCDEF,  &c.  formed  of  the  chords  AB,  BC, 
CD,  DE,  EF,  &c.  of  this  curve  : and  (for  greater 
fimplicity  of  argument)  let  us  confider  areas  deferibed 
in  equal  fucceflive  times;  that  is,  let  us  fuppofe  that 
the  triangles  ASB,  BSC,  CbD,  See.  are  equal,  and  de- 
feribed in  equal  times.  Make  B c = AB,  and  draw  c S. 

Had  the  motion  AB  fuffered  no  change  in  the  point 
B,  the  body  would  have  deferibed  B c in  the  equal  mo- 
ment fucceeding  the  firft  : but  it  defcribes  BC.  The 
body  has  therefore  been  defledfed  by  an  external  force  ; 
and  3C  is  the  diagonal  of  a parallelogram  (n°  45.46.), 
of  which  B is  one  fide,  and  C is  another.  The  de- 
fiefling  force  will  be  difeovered,  both  in  refpedf  of  di- 
redfion  and  intenfity,  by  completing  the  parallelogram 
B £■  C B ^ is  the  fpace  which  the  defledting  force 
would  have  caufed  the  body  to  deferibe  in  the  time 
that  it  defcribes  B c or  BC.  Becaufe  B r is  equal  to 
BA,  the  triangles  BS  c,  BSA  are  equal.  But  (by  the 
nature  of  the  motion)BSA  is  equal  to  BSC.  There- 
fore  the  triangles  BSC  and  BS  c are  equal.  They  are 
alfo  on  the  fame  bafe  BS  ; therefore  they  lie  between 
the  fame  parallels,  and  C r is  parallel  to  SB.  But  c C 
is  parallel  to  B b.  Therefore  B b coincides  with  BS, 
and  the  defledting  force  at  B is  diredted  toward  S. 
By  the  fame  argument,  the  defledling  force  at  the 
angles  D,  E,  F,  &c.  is  diredied  to  S. 


Now,  let  the  fides  of  the  polygon  be  dlminiftjed,  and  Of  Defledf.  -j 
their  number  increafed  without  end.  The  demonftra-  Force*. : n 
lion  remains  the  fame;  and  continues,  when  the  poly-  ; 

gon  finally  coalefces  with  the  curve,  and  the  defledfion  I 

is  continual.  _ 

Wlien  areas  are  deferibed  proportional  to  the  times, 
equal  areas  are  deferibed  in  equal  times  ; and  therefore 
the  deftedfion  is  always  diredied  to  S.  E.  D. 

The  point  S may,  with  great  propriety  of  language,  Centre  of 
be  called  the  Centre  of  Deflection,  or  the  Cen- defledion. 
TRE  OF  Forces  ; and  forces  which  are  thus  continual-  Centre  of 
ly  directed  to  one  fixed  point,  may  be  diftinguifhed 
from  other  defledling  forces  by  the  name  Central  force*. 
Forces. 

The  line  joining  the  centre  of  forces  with  the  body, 
and  which  may  be  conceived  as  a ftiff  line,  carrying  the 
body  round,  is  ufually  named  the  Radius  Vector.  Radiuirec- 
The  converfe  of  this  propofition,  viz.  that  if  the  de- 
fleeting  forces  be  always  diredied  to  6,  the  motion  is 
performed  in  one  plane  in  which  S is  fituated,  and  ces  produce 
areas  are  deferibed  proportional  to  the  times — is  eafily  areas  pro- 
demonftrated  by  reverfing  the  fteps  of  this  demonftra-  portionalto 
tion.  The  motion  will  be  in  the  plane  of  the  lines  SB  times, 
and  B c ; becaufe  the  diagonal  BC  of  the  parallelogram 
of  forces  is  in  the  plane  of  the  fides.  Areas  are  de- 
feribed proportional  to  the  times ; for  C c being  pa- 
rallel to  SB,  the  triangles  SCB  and  S c B are  equal ; 
and  therefore  SCB  and  SAB  are  equal,  &c.  &c.  n6 

Cor.  I.  When  a body  defcribes  areas  round  S pro- Velocity  U 
portional  to  the  times,  or  when  it  is  continually  deflec-  inverfely  as 
ted  toward  S.  or  acled  on  by  a tranfverfe  force  diredied  ^^®P^fpen- 
to  S,  the  velocities  in  the  different  points  A and  E of 
the  curve  are  inverfely  proportional  to  the  perpendicu-  centre, 
lars  S r and  S /,  drawn  from  the  centre  of  forces  to  the 
tangents  in  thofe  points  ; that  is,  to  the  perpendiculars 
from  the  centre  on  the  momentary  diredlions  of  the 
motion  : For  fince  the  triangles  ASB,  ESF  are  equal, 
their  bafes  AB,  EF  are  inverfely  as  their  altitudes  S r, 

S t.  But  thefe  bafes,  being  deferibed  in  equal  times, 
are  as  the  velocities ; and  they  ultimately  coincide  with 
the  tangents  at  A and  E.  ^ 

Cor.  2.  If  B a and  F ? be  drawn  perpendicular  to  u? 

SA  and  SE,  we  have  SA  X B « r=  SE  X F s,  and 
SA  : SE  = F 8 : B « : For  SA  x B « is  double  of  the 
triangle  BSA,  and  SE  x F « is  double  of  the  equal 
triangle  SFE.  ng 

Cor.  3.  The  angular  velocity  round  S,  that  is,  the  Angular 
magnitude  of  the  angle  deferibed  in  equal  times  by  the  ye*°city  is 
radius  vedtor,  is  inverfely  proportional  to  the  fqnare  of 
the  diftance  from  S.  For  when  the  arches  AB,  EF 
are  diminiftied  continually,  the  perpendiculars  B u and  tancefrom  > 
F f will  ultimately  coincide  with  arches  deferibed  round  the  centre 
S with  the  radii  SB  and  SF.  Now  the  magnitude  of  forces, 
an  angle  is  proportional  to  the  length  of  the  arch  which 
nieafures  it  diredlly,  and  to  the  radius  of  the  arch  in- 
verfely. In  any  circle,  an  arch  of  two  inches  long  mea- 
fures  twice  as  many  degrees  as  an  arch  one  inch  long  ; 
and  an  arch  an  inch  long  contains  twice  as  many  de- 
grees of  a circle  whofe  radius  is  twice  as  ftiort.  There- 
fore, ultimately,  the  angle  ASB  is  to  the  angle  ESF 
as  B rt  to  F £,  and  as  SF  to  SB  jointly  ; that  is,  as  B 
X SF  to  F t X SB.  But  B a : F f = SE  : 3 A ( Cor. 

2.).  Therefore  ASB  : ESF  = SE  X SF  : SB  X SA, 

= ultimately  SE^  : SB2. 

This  corollary  gives  us  an  oftenfible  mark,  in  many 

very 
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very  important  cafes,  of  the  a£Hon  of  a defleding  force 
being  always  direded  to  a fixed  point.  We  are  often 
able  to  meafure  the  angular  motion  when  we  cannot 
meafure  the  real  velocities. 

Having  thus  difcovered  the  chief  circumftances 
which  enable  us  to  afcertain  the  diredion  of  the  deflec- 
ting force,  we  proceed  to  inveftigate  the  quantity  of  this 
detiedive  determination  in  the  different  points  of  a cur- 
vilineal  motion.  This  is  a more  difficult  tafk.  The  mo- 
mentary effed  of  the  defleding  force  is  a fmall  devia- 
tion from  the  tangent ; and  this  deviation  is  made  with 
an  accelerated  motion.  The  law  of  this  acceleration 
regulates  the  curvature  of  the  path,  and  is  to  be  deter- 
mined by  it.  We  may  be  allowed  to  obferve  by  the 
v/ay,  that  it  appears  clearly  from  the  form  in  which 
Newton  has  prefented  all  his  dynamical  theorems,  that 
we  are  indebted  to  thefe  problems  for  the  iminenfe  im- 
provement which  he  has  made  in  geometry  by  his  in- 
vention of  fluxions.  The  purpofes  he  had  in  view  fug- 
getted  to  his  penetrating  mind  the  means  for  attaining 
them  ; and  the  connedion  between  dynamics  and  geo- 
metry is  fo  intimate,  that  the  fame  theorems  are  in  a 
manner  common  to  both.  This  is  particularly  the  cafe 
in  all  that  relates  to  curvature.  Or  lhali  we  fay  that  the 
geometry  of  Dr  Barrow  fuggefted  the  dynamical  theo- 
rems to  Newton  ? We  have  i'een  how  the  curvature  of  a 
parabola  is  produced  by  a force  ading  uniformly.  The 
momentary  adion  of  all  finite  forces  may  be  confidered 
as,  uniform  ; and  therefore  the  curvature  will  be  that  of 
fome  portion  of  fome  parabola ; but  it  will  be  difficult 
to  determine  the  precife  degree  without  fome  farther^ 
help.  We  are  bell  acquainted  with  the  properties  of' 
tlie  circle,  and  will  have  the  cleareft  notions  of  the  cur- 
vature of  other  curves  by  comparing  them  with  circles. 

The  curvature  of  a circular  arch  of  given  length  is 
fo  much  greater  as  its  radius  is  fhorter  ; for  it  will  con- 
tain  fo  many  more  degrees  in  the  fame  length ; and 
therefore  the  change  of  diredion  of  its  extremities  is  fo 
much  greater.  Curvatures  may  always  be  meafured 
by  the  length  of  the  arch  diredly  and  the  radius  in- 
verfely. 

Suppofe  a thread  made  fall  at  one  end  of  a material 
curve  ABCD  (fig.  22.)  and  applied  to  it  in  its  whole 
length.  Taking  hold  of  its  extremity  D,  unfold  it  gra- 
dually from  the  curve  DCBA ; the  extremity  D will 
deferibe  another  curve  Ti  ch  a.  This  geometrical  ope- 
ration is  called  the  Evolution  of  curves,  and  Vi  c b a 
is  called  the  Evolote  of  DCBA,  which  is  called  the 
Involute  oiVieba.  Perhaps  this  denomination  has 
been  given  from  the  genefis  of  the  area,or  furface  con- 
tained by  the  two  lines  which  is  folded  up  and  unfold- 
ed fomewhat  like  a fan.  When  the  deferibing  point  is 
in  b,  the  thread  h B is,  undoubtedly,  the  momentary- 
radius  of  a circle  e b fy  whofe  centre  is  B,  the  point  of 
the  involute  which  it  is  juft  going  to  quit.  The  mo- 
mentary motion  of  b is  the  fame,  whether  it  is  deferi- 
bing an  arch  of  the  evolute  paffing  through  by  or  an 
arch  of  a circle  round  the  centre  B.  The  fame  line 
h ty  perpendicular  to  the  thread  b B,  touches  the  circle 
e b f and  the  curve  D ^ a in  the  point  b.  This  circle 
e b f muft  lie  within  the  curve  Vi  b a on  the  fide  of  ^ B 
toward  a ; becaufe  on  this  fide  the  momentary  radius  is 
continually  increafing.  For  fimilar  reafons,  the  circle 
e b f lies  without  the  curve  on  the  other  fide  of  b B. 
Therefore  the  circle  e b f both  touches  and  cuts  the 
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curve  D 3 a in  the  point  1.  Moreover,  becaufe  every  Of  Defleift- 
portion  of  the  curve  between  b and  D is  deferibed  with 
radii  that  are  fhorter  than  b B,  it  muft  be  more  incur- 
vated  than  any  portion  of  the  circle  e b f.  For  fimilar 
reafons,  every  portion  of  the  curve  between  b and  a 
muft  be  lefs  incurvated  than  this  circle  ; therefore  the 
circle  has  that  precife  degree  of  curvature  that  belongs 
to  the  curve  in  the  point  3 ; it  is  therefore  called  the 
Equicubive  Circle,  or  the  Circle  of  Curtai  ure,  Circle  of 
and  B is  called  the  centre,  and  B 3 the  Radius  of  curvature. 
Curvature.  It  is  eafy  to  perceive  that  no  circle  can 
be  deferibed  which  fhall  touch  the  curve  in  by  and  come 
between  it  and  the  circle  e b f \ for  its  centre  muft  be 
in  fome  point  i of  the  radius  3 B.  If  i 3 be  lefs  than 
B by  it  muft  fall  within  the  curve  on  both  Tides  of  3, 
and  if  i b is  greater  than  B 3,  the  circle  muft  fall  witli- 
out  the  curve  on  both  Tides  of  B 3.  The  circle  e b f 
lies  clofer  to  the  curve,  has  defer  contadl  with  it,  than 
any  ocher,  and  has  therefore  got  the  whimfical  name 
of  Osculating  Circle  ; and  this  fort  of  contad  was 
called  Osculation.  ^ 

This  view  of  the  genefis  of  curve  lines  is  of  particu- 
lar ufe  in  dynamical  difeuffions.  It  exhibits  to  the  eye 
the  perfedl  I'amenefs  of  the  momentary  motion,  and 
therefore  of  the  momentary  defledion,  in  the  curve  and 
in  the  equicurve  circle,  and  leaves  the  mind  without  a 
doubt  but  that  the  forces  which  produce  the  one  will 
produce  the  other.  A great  variety  of  curves  may  be 
deferibed  in  this  way.  If  perpendiculars  be  drawn  to 
the  curve  D 3 a in  every  point,  they  will  interfecl  each 
other,  each  its  immediate  neighbour,  in  the  circum- 
ference of  the  curve  DBA ; and  geometry  teaches  us 
how  to  find  the  curve  DBA  which  fhall  produce  the 
curve  D 3 (2  by  evolution  (fee  Evolution  and  Invo- 
lution, Supplement). 

It  is  a matter  worthy  of  remark,  that  the  path  of  a 
body  that  is  defleded  from  redilineal  motion  by  a 
finite  force,  varying  according  to  any  law  whatever, 
may  always  be  deferibed  by  evolution.  This  includes 
almoft  every  cafe  of  the  adion  of  defleding  forces  ; none 
being  excepted  but  when,  by  the  oppofite  adion  of 
different  forces,  the  body  is  jn  equilibrio  in  one  finglo 
point  of  Its  path. 

Our  tafk  is  now  brought  within  a very  narrow  com* 
pafs,  namely,  to  meafure  the  defledion  in  the  arch  of  a 
circle. 

Had  the  motion  reprefented  in  fig.  21.  been  poly- 
gonal, it  Is  plain  that  the  defleding  force  in  the  point 
B is  to  that  in  the  point  E as  the  diagonal  B 3 of  the 
parallelogram  ABC  3 to  the  diagonal  E i of  the  pa- 
rallelogram DEE  /;  therefore  let  ABCZY  be  a circle 
paffing  through  the  points  A,  B,  and  C,  and  let  the 
radius  vedor  BS  cut  the  circumference  in  Z ; draw 
AZ,  CZ,  and  the  diagonal  AC,  w’htch  neceffarily  bi- 
feds  and  IS  bifeded  by  the  diagonal  B 3.  The  tri- 
angles 3 BC  and  CBZ  are  fimilar  ; for  the  angle  C 3 B 
is  equal  to  the  alternate  angle  AB  3 or  ABZ,  which  is 
equal  to  the  ACZ,  ftanding  on  the  fame  chord  AZ, 

And  the  angle  CB  3,  or  CBZ,  is  equal  to  CAZ,  ftand- 
ing on  the  fame  chord  CZ  ; therefore  the  remaining 
angle  3 CB  Is  equal  to  the  remaining  angle  AZC ; 
therefore  ZA  is  to  AC  as  BC  to  B 3,  and  B h 


ACXBC. 


In  like  manner  E i = 


DFxEF. 


AZ  D z 

Now  let  the  points  A and  C continually  approach, 
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of  DefleA- and  ultimately  coalefce  with  B;  it  is  evident  that  the 
circle  ABCZY  is  ultimately  the  equicurve  or  coinci- 
' ding  circle  at  the  point  B,  and  that  AS  ultimately  coa- 
lefces  with,  and  is  equal  to,  BS,  and  that  AC  xBC 
is  ultimately  2BC'  ; therefore  ultimately  B : E / == 
2BC"  zEF"  BC"  EF" 

~JBZ  ' E s;  ’ iBZ  ' |E  2 ’ 

Now  BC  and  EF,  being  defcribed  in  equal  times, 
are  as  the  velocities  : B b and  E i are  the  meafures  of 
the  velocities  which  the  defiedive  forces  at  B and  E 
would  generate  in  the  time  that  the  body  defcribes 


Meafnre  of 
defieAing 

forces. 


and  are  therefore  the  naeafnres  of  thofe  for- 
are  as  the  fquares  of  the  velocities  direBly, 


BC  or  EF 
ces.  'They 

and  inverjely  as  thofe  chords  of  the  equicurve  circles  ivhich 
have  the  diredions  of  the  deflexion. 

Obferve,  that  B i or  E z is  the  third  proportional  to 
half  of  the  chord  and  the  arch  defcribed  ; for  B b : BC 
BZ 


lai' 


= BC 


It  is  evident,  that  as  the  arches  AB,  BC,  conti- 
nually diminifti,  AC  is  ultimately  parallel  to  the  tan- 
gent B r,  and  BO  is  equal  to  the  a6i:ual  defledtion  from 
the  tangent.  The  triangles  BOC  and  AOZ  are  fimi- 

. OC*  BP* 

lar,  and  BO  , or  ultimately  = Weraay 

OZ  BZ 

meafure  the  forces  by  the  adtual  defledtions,  becaufe 
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they  are  the  halves  of  the  meafures  of  the  generated 
velocities ; and  we  may  fay  that 
Meafure  of  The  atlual  momentary  defetlion  from  the  tangent  is  a 
delledlion.  third  proportional  to  the  defedive  chord  of  the  equi- 
curve circle  and  the  arch  defcribed  during  the  moment. 
Caution.  Either  of  thefe  meafures  may  be  taken,  but  we  muil 
take  care  not  to  confound  them.  The  firft  is  the 
moll  proper,  becaufe  the  change  produced  on  the  body 
(which  is  the  wimediate  effedl  and  meafure  of  the  force) 
is  the  determination,  left  inherent  in  it,  to  move  with 
a certain  velocity.  This  is  the  meafure  alfo  which  we 
obtain  by  means  of  the  differential  or  fiuxionary  cal- 
culus ; but  the  other  meafure  mull  be  obtained  when 
our  immediate  objedt  is  to  mark  the  adlual  path  of  the 
body.  What  is  now  delivered  coincides  with  what 


7*44 


was  more  briefly  Hated  in  Astronomy,  Suppl.  n°  16. 
and  is  repeated  in  this  place,  becaufe  the  fteps  of  this 
demonftration,  w’hich  is  Newton’s,  fo  naturally  termi- 
nate in  the  equicurve  circle,  and  give  at  once  the  im- 
mediate meafure  of  the  defledling  force : at  the  fame 
time  the  reader  mult  perceive  that  this  meafure  does 
not  depend  on  the  force  being  always  diredled  to  one 
centre  ; it  is  enough  that  the  two  Tides  of  the  polygon, 
in  immediate  fucceflion,  are  defcribed  in  equal  times. 
This  is  neceflary  in  order  that  ABC^  may  be  a paral- 
lelogram, and  that  the  diagonals  AC  and  may  mu- 
tually bifedt  each  other. 

Thus  have  we  obtained  a meafure  of  defledling  force, 
and,  in  the  moll  important  cafes,  a method  of  difeover- 
ingits  diredtion.  It  only  remains  to  point  out  the  re- 
lation between  the  intenfity  of  the  force,  the  curvature 
of  the  path,  and  the  velocity  of  the  motion.  Thefe 
three  circumftances  have  a neceffary  connedlion ; for 
we  fee  that  the  intenfity  is  expreffed  by  certain  values 

the  other  two  in  the  formula  /==  or  f 


of 


BC* 


BZ 


4Chord 

The  deflcdtlve  velocity  B 3 is  acquired  in 


the  time  that  the  body  defcribes  BC  ; therefore  the  Of  OeSa 
defledllve  velocity  is  to  the  velocity  in  the  curve  as  B ^ ^orc 
to  BC.  The  velocity  B Hs  acquired  by  an  accelera- 
ted motion  along  BO  ; for  while,  by  progrefliVe  mo- 
tion,. the  body  defcribes  BC,  it  defledls  from  the  tan- 
gent through  a fpace  equal  to  the  half  of  B h,  becaufe 
the  momentary  adlion  of  the  defledling  force  may  be 
confidered  as  uniform.  The  progreflive  velocity  BC 
may  be  generated  by  the  fame  force,  uniformly  adiing 
through  a fpace  greater  than  BC  ; call  this  fpace  x.  ; 

The  fpaces  along  which  a body  muft  be  uniformly  im-  *| 

pelled  in  order  to  acquire  different  velocities,  are  as  the  ,|j^ 
fquares  of  thofe  velocities;  therefore  B 3*  : EC*  = 

B 0 : X ; but  B b : BC  = BC  : 4rBZ  ; therefore  B b'-  : 

BC*  = B ^ : iBZ,  and  B ^ ^ BZ  = B 0 : X,  and 

B 3 ; Bor:  ^ BZ  ; x } but  B 0 is  * of  B ^ ; therefore 
X is  ^ of  BZ  ; that  is. 

The  velocity  in  any  point  of  a curvilineal  path,  is  that 
which  the  defehling  forces  in  that  point  would  generate  in 
the  body  by  impelling  It  uniformly  along  one  fourth  part  of 
the  clefedive  chord  of  the  equicurve  circle.  If  the  velo- 
city increafe,  the  chord  of  the  equicurve  circle  mud 
increafe  : that  is,  the  path  becomes  lefs  incurvated.  If 
the  force  be  increafed,  the  curvature  will  alfo  increafe, 
for  the  chord  of  curvature  will  be  lefs. 

There  is  another  general  obfervation  to  be  made  on 
the  velocity  of  a curvilineal  motion,  which  greatly  af- 
fifts  us  in  our  inveftigations. 

If  a body  defcribes  a curve  by  the  adlion  of  a force  Compari- 
always  direded  to  a fxed  point,  and  varying  according  to  j 

any  proportion  whatever  of  the  dijlances  from  that  point,  1 

and  if  another  body,  aded  on  by  the  fame  centripetal  appj-oacht 
force,  move  toward  the  centre  in  a f might  line,  and  if  the  centre 
in  any  o?ie  cafe  of  equal  dijlances  from  the  centre  of  force 
the  two  bodies  have  equal  velocities,  they  will  have  equal 
velocities  in  every  other  cafe  of  equal  dijlances  from  the 
centre. 

Let  one  body  be  impelled  from  A (fig.  23.)  toward 
C along  the  ftraight  line  AVDEC,  and  let  another  be 
defledled  along  the  curve  line  VIK  k.  About  the  centre 
C deferibe  concentric  arches  ID,  KE,  very  near  to 
each  other,  and  cutting  the  curve  in  I and  K,  and  the 
line  AC  in  D and  E ; draw  IC,  cutting  KE  in  N, 
and  draw  NT  perpendicular  to  the  arch  IK  of  the 
curve,  and  complete  the  parallelogram  ITNO.  Let 
the  bodies  be  fuppofed  to  have  equal  velocities  at  I and 
at  D. 

Then,  becaufe  the  centripetal  forces  are  fuppofed  to 
be  the  fame  for  both  bodies  when  they  are  at  equal 
dlflances,  the  accelerating  forces  at  D and  I may  be 
reprefented  by  the  equal  lines  DE  and  IN ; but  the 
force  IN  is  not  wholly  employed  in  accelerating  the 
body  along  the  arch  IK,  but,  adiing  tranfverfely,  it  i^ 
partly  employed  in  Incurvating  the  path.  It  is  equi- 
valent to  the  two  forces  10  and  IT,  of  which  only  IT 
accelerates  the  body.  Now  IKN  is  a right  angled  tri- 
angle, as  is  alfo  the  triangle  INT ; and  they  are  fimilar ; 
therefore  IN  : IT  IK  : IN,  or  DE  : IT  ~ IK  : DE  ; 
that  is,  the  force  which  accelerates  the  body  along  DE 
is  to  the  force  which  accelerates  the  body  along  IK  as 
the  fpace  IK  is  to  the  fpace  DE  ; therefore  (n^’  86.) 
the  increment  of  the  fquare  of  the  velocity  acquired 
along  DE  is  equal  to  the  increment  of  the  fquare  of 
the  velocity  acquired  along  IK.  But  the  velocities  at 
D and  I were  equal,  and  confequently  their  fquares 
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were  equal;  and  thefe  having  received  equal  increments, 
therefore  the  fquares  of  the  velocities  at  E and  K are 
equal,  and  the  velocities  themfelves  are  equal.  Andfince 
this  is  the  cafe  in  all  the  correfponding  points  of  the 
line  AC  and  the  curve  VIK,  the  velocities  at  all  equal 
diitances  from  C will  be  equal. 

It  is  evident  that  the  conclufion  will  be  the  fame,  if 
the  bodies,  inftead  of  being  accelerated  by  approaching 
the  centre  in  the  ftraight  line  AC,  and  in  the  curve 
VIK,  are  moving  in  the  oppofite  diredions  from  E to 
A,  or  from  I to  V,  and  are  therefore  retarded  by  the 
centripetal  force. 

Cor.  Hence  it  follows,  that  if  a body  be  projedled 
from  any  point,  fuch  as  V,  of  the  curve,  in  a line  tend- 
ing ftraight  from  the  centre,  with  the  velocity  which  it 
had  in  that  point  of  the  curve,  it  would  gd  tci  a diftaUfiS' 
VA,  fuch,  that  if  it  were  impelled  along  AV  by  the  cen- 
tripetal force,  it  would  acquire  its  former.'veldcity  in  the 
point  V;  alfo  in  any  point  between  V and  A it  will 
have  the  fame  velocity  in  its  recefs  from  the  centre  that 
it  has  there  in  its  approach  to  the  centre. 

The  line  BLFG,  whofe  ordinates  are  as  the  intenfi- 
ties  of  the  centripetal  force  in  A,  V,  D,  E,  or  in  A, 
V,  I,  K,  may  be  called  the  scale  or  exponent  of 
force  ; the  areas  bourided  by  the  ordinates  AB,  VL, 
DF,  EG,  &c.  drawn  from  any  two  points  of  the  axis, 
are  as  the  fquares  of  the  velocity  acquired  by  accelera- 
tion along  the  intercepted  part  of  the  axis,  or  in  any 
curvilineal  path,  while  the  body  approaches  the  centre, 
or  which  are  loft  while  the  body  retires  from  it.  When 
we  can  compute  thefe  areas  we  obtain  the  velocities 
(lee  n°  102.). 

We  are  now  in  a condition, to  folve  the  chief  pro- 
blem in  the  fcience  of  dynamics,  to  which  the  whole  of 
it  is,  in  a great  meafure,  fubfervient.  The  problem  is 
this. 

Let  a body  be  proje<fted  with  a known  velocity  from 
a given  point  and  in  a given  direction,  and  let  it  be  un- 
der the  influence  of  a mechanical  force,  whofe  diredtion, 
intenfity,  and  variation,  are  all  known  : it  is  required  to 
determine  its  path,  and  its  motion  in  this  path,  for  any 
given  time  ? 

This  problem  is  fufceptible  of  three  dlftindl  clafles  of 
conditions,  which  require  different  inveftigation. 

1.  The  force  may  ad  in  one  conftant  diredion  ; that 
is,  in  parallel  lines. 

2.  The  force  may  be  always  direded  to  a fixed 
point. 

3.  It  may  be  direded  to  a point  which  is  continually 
chaiiging  its  place. 

1.  When  the  force  ads  in  parallel  lines,  the  problem 
is  folved  by  compounding  the  redilineal  accelerated 
motion  which  the  force  would  produce  in  its  own  direc- 
tion with  the  uniform  motion  which  the  projedion  a- 
lone  would  have  produced.  The  motion  muft  be  cur- 
vilineal, when  the  accelerating  force  is  tranfverfe,  in 
any  degree  whatever,  to  the  projedile  motion  ; and  the 
curvilineal  path  muft  be  concave  on  that  fide  to  which 
the  defleding  force  tends ; for  the  force  is  fuppofed  to 
ad  inceiTantly.  The  place  of  the  body  will  be  had  for 
any  time,  by  finding  where  the  body  would  have  been 
at  the  end  of  that  time  by  each  force  ading  alone,  and 
by  completing  the  parallelogram.  Thus,  fuppofe  a bo- 
dy  projeded  along  AB  (fig.  20.)  while  it  is  continual- 
ly aded  on  by  a force  whofe  diredion  is  AD.  LetD 


and  B be  the  places  where  the  body  would  be  at  the  end  Of  Defled- 
of  a given  time.  Then  the  body  will,  at  the  end  of  Force, 
that  time,  be  in  F,  the  oppofite  angle  of  the  paral- 
lelogram  ABFD.  But  it  has  not  deferibed  the  diago- 
nal AF,  becanfe  its  motion  has  been  curvilineal,  as  we 
fliall  find  by  determining  its  place  at  other  inSants  of 
this  time. 

The  velocity  in  any  point  F Is  found  by  firft  deter- 
mining the  velocity  at  D,  and  making  DT  to  DF  as 
the  velocity  at  D to  the  velocity  at  B (that  is,  the  ve- 
locity of  projedion,  becaufe  the  motion  along  AB  is 
uniform).  Then  draw  TF.  Then  AB  is  to  TF  a* 
the  conftant  velocity  of  projedion  to  the  velocity  at  F. 

We  have  feen already  (n°  112 — 119.)  that  TF  isa  tan- 
gent  to  the  curve  in  F.  Hence  vve  may  determine  the 
velocity  at  F in  another  way.  Having  determined  the 
form  of  the  path  in  the  way  already  deferibed,  by  find- 
ing its  different  points,  draw  the  tangent  F d,  cutting  the 
line  DA  in  d.  Then  the  velocity  at  A is  to  that  at  F 
as  AB  to  d t.  Hence  alfo  vve  fee,  that  the  velocities 
in  every  point  of  the  curve  are  proportional  to  the  por- 
tion of  the  tangents  at  thofe  points  which  are  intercept- 
ed between two  lines  parallel  to  AD. 

Either  of  thefe  niediods  for  afeertaining  the  velocity, 
in  this  cafe  of  parallel  defledions,  will  in  general  be 
cafier  than  the  general  method  in  121.  by  the  equi- 
curve  circle. 

It  was  thus  that  Qplileodifeovered  the  parabolic  mo- 
tion of  heavy  bodies. 

2.  We  m.uft  confider  the  motions  of  bodies  affeded  Inverfepro- 
by  centripetal  or  centrifugal  forces,  always  tending  to  blem  of 
one  fixed  point.  This  is  the  celebrated  inverfe  problem  centripetal 
of  centripetal  forces,  and  is  the  42d  propofition  of  the 
firft  book  of  Newton’s  Principia.  We  fhall  give  the 
folution  after  the  manner  of  its  illuftrious  author;  be- 
caufe  it  is  elementary,  in  the  pureft  fenfe  of  the  word, 
keeping  in  view  the  two  leading  circumftances,  and 
thefe  only,  namely,  the  motion  of  approach  and  recefs  s 
from  the  centre,  and  the  motion  of  revolution.  By 
this  judicious  procefs,  it  becomes  a pattern  by  which 
more  refined,  and,  in  fome  refpeds,  better  folutions 
fhould  be  modelled.  At  the  fame  time  we  fhall  fupply 
fome  fteps  of  the  inveftigation  which  his  elegant  concife- 
nefs  has  made  him  omit. 

Let  a body,  which  tends  to  C (fig.  24.)  with  a force  125 
proportional  to  the  ordinates  of  the  exponent  BLFG, 
having  the  axis  CA,  be  projeded  from  V in  the  direc- 
tion VQ^,  with  the  velocity  which  the  centripetal  force 
would  generate  in  It  by  accelerating  it  along  AV.  It 
is  required  to  determine  the  path  or  orbit  VTKI  of  the 
body,  and  its  place  I in  this  orbit,  at  the  end  of  the  af- 
figned  time  T i 

Suppofe  the  thing  done,  and  that  I is  the  place  of 
the  body-  About  the  centre  C,  with  the  diftances  CV 
and  Cl,  deferibe  the  circles  YV  and  ID.  Draw  CIX 
to  the  circumference,  and  draw  the  ordinate  DF  of  the 
exponent  of  forces,  producing  it  toward  x,  and  produce 
the  ordinate  VL  toward  a.  Let  V / be  the  diftance  to 
which  the  body  would  go  along  the  tangent  VQ^in 
the  Time  T and  join  t C.  Let  this  be  fuppofed  done 
for  every  point  of  the  curve.  Let  <2  i i and  a x y bs 
two  curves  fo  related  to  the  curve  VIK,  that  the  ordi- 
nate DF  cuts  off  an  area  V a / D equal  to  the  orbital 
fedfor  VC  I,  and  an  area  V a x D equal  to  the  circular 
feiior  vex. 
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Then,  becaufe  the  velocity  of  projedtion  is  given, 
the  dillance  V / is  known,  and  the  area  of  the  triangle 
VC  t.  But  this  is  equal  to  the  area  VCI,  by  the 
laws  of  central  forces  (n®  Therefore  the  area 

V«  f D is  given.  Alfo,  becaufe  the  area  VCI  increafes 
in  the  proportion  of  the  time,  the  area  Y a iT)  increafes 
at  the  fame  rate.  Therefore,  having  thefe  fubfidi-. 
ary  curves  a i k,  a x the  problem  is  folved  as  fol- 
lows : 

Draw  an  ordinate  D cutting  off  an  area  V a 
proportional  to  the  time,  and  defcribe  a circle  DIR. 
Then  draw  a line  CX,  cutting  off  a fedtorVCX,  equal 
to  the  area  V D cut  oflF  by  the  ordinate  D i x.  This 
line  will  cut  the  circle  DR  in  the  point  I,  w'hich  is  the 
point  of  the  orbit  that  was  demanded.  • ■ ^ 

But  the  chief  difficulty  of  the  problem  confifts  in  the' 
defcription  of  the  two  fubfidiary  curves  a ik  and  a x y^ 
into  which  the  lines  VIK,  and  VXY  are  transformed. 
We  attain  this  conftrudlion  by  refolvlng  the  motion  in 
the  arch  of  the  orbit  into  two  motions,  one  of  which 
is  in  the  diredHon  of  the  tranfverfe  force,  or  of  the  ra- 
dius vedtor,  and  the  other  is  in  the  diredtion  of  revolu- 
tion, or  perpendicular  to  the  radius. 

Let  V i and  IK  be  tw'o  very  fmall  arches  defcrlbed 
in  equal  moments,  and  therefore  ultimately  in  the  ratio 
of  the  velocities  in  V and  I (n°  73.).  Defcribe  the 
circle  KE,  cutting  IC  in  N.  Draw*  KC  and  k C,  and 
i n perpendicular  to  VC. 

IC  X KN 

The  element  ICK  of  the  orbit  is  , or 

2 

to  4-  IC  X KN.  This  is  equal  to  the  element  D f i E 
of  the  area  V a i T>,  or  to  D i X DE,  or  to  D f X IN. 
Therefore  IN  : KN  = 4 IC  : D i,  or  2 IN  ; KN  = 

IC  ; D /,  and  D ^ = -^^4^  . 

Now  let  A / f g h he  the  exponent  of  the  velocities, 
that  is  (n®  86.),  let  V /*  be  to  Djf*  as  ABLV  to 

ABED,  orV/:D/=\/A]^:  '/ABP^.  Make 
V V and  I / in  the  tangents  refpedtively  equal  to  V / 
and  D f.  Draw  v u and  / 0 perpendicular  to  VC  and 
IC,  and  D m perpendicular  to  LV  produced.  Let 
JB  r 2 be  an  equilateral  hyperbola,  having  VC,  ZC,  for 
its  affymptotes,  and  cutting  FD  produced  in  r.  Then 
the  ordinates  V w.  Dr,  are  inverfely  proportional  to 
CV,  CD,  orVm:Dr=r  CD:CV,  =CI:CV.  But 
becaufe  the  momentary  fedtors  VC  h and  ICK  arc  equal, 

« : KN  = Cl : CV.  Therefore, 

V fa  : D r ^ : KN 
but  V V \ N m~'Sl  li  \ k n 
and  I / {or  D/)  : V<u=:  IK:  Vif 
therefore  I f : D r = IK  : KN 
but  I f : / 0 = IK  : KN,  by  fim.  triang. 

Therefore  D r rr  /c,  and  i 0 \ m — VC  : Cl. 

Alfo,  by  fimilarity  of  triangles,  lo:  i 0 IN  ; KN, 
and  2 1 0 : i 0 = 2 IN  : KN. 

Now  it  was  fhewn,  that  in  order  that  the  fpace 
D /'  i E may  be  equal  to  the  fpace  ICK,  we  muft  have 
2 IN:  KN=  IC  : Di 
or  2 I 0 : i IC  : D f 

but  io:Y  m = YC:IC 

therefore  2 I 0 : V ra  = VC  : D i 

. YCxYm 
and  D / = 


timate  ratio  of  ICK  to  XCY  is  that  of  IC*  to  VC*.  Of  De'fleft. 
Therefore  make  ing  Forces. 

IC*  : VC*  = D/:D«. 

Thus  are  the  points  of  the  two  fubfidiary  curves 
a 1 k,  a xyt  determined. 

The  redtangle  VC  X Vm  is  a conftant  magnitude; 
and  is  given,  becaufe  VC  is  given,  and  V is  the  given 
velocity  V /,  diminifliedin  the  ratio  of  radius  to  the  fine 
of  the  given  angle  CVQ^ 

But  the  line  2 I 0 is  of  variable  magnitude,  but  it  is 
alfo  given,  by  means  of  known  quantities.  I 0*  is 
= I i*— ;o*,  = D/*— D r*,  and  I 0=  a/d/*— Dr*. 

VC*  V V m* 

Moreover,  D/*  = ABFD,  and  D r*=  * 


IC  = 


2 I 


Having  obtained  D i,  we  eafily  get  D #« ; for  the  ul- 


:\  liO:. 

Therefore-  z 'l  0 


= W 


ABFD- 


VC*XV 

IC* 


ex- 


preffed  in  known  quantities,  becaufe  ABFD  is  known 
from  the  nature  of  the  centripetal  force. 

Let  the  indeterminate  diftance  Cl  or  CD  be  = x, 
and  let  the  ordinate  DF,  expreffing  the  force,  bey.  Let 
VC  he  a,  and  V m be  c,  and  let  a ^be  a redtangle  equal 
to  the  whole  area  of  the  exponent  of  force  lying  be- 
tween the  ordinate  AB  and  the  ordinate  CZ,  fo  that 

a h — Sy  ^ naay  reprefent  the  indeterminate  area 

ABFD. 


We  have  D f = 


a c 


^ a h ^fy  X 


and  D r= 


a'^c 


2 X- 


^ a h — fyx- 


a c 


Remark.  We  have  hitherto  fuppofed  that  the  ve- 
locity of  projedtion  is  acquired  by  acceleration  along 
AV.  But  this  was  merely  for  greater  fimplicity  of  ar- 
gument, and  that  the  final  values  of  D i and  D x might 
be  eafier  conceived.  In  whatever  way  the  velocity  is 
acquired,  it  will  ftill  be  true,  that  when  in  any  point  V 
we  make  V / to  V as  the  momentary  increment  V k 
of  the  arch  is  to  the  perpendicular  k n oxi  the  radius  vec- 
tor, we  lhall  have  in  every  other  point,  fuch  as  I,  the 
line  D/  to  the  line  D r as  the  Increment  IK  of  the 
arch  to  KN.  And  in  the  final  equation  D/  will  ftill 

be  expreffed  hj  ab  ~J'y  ^ 

Cor.  I.  The  angle  which  the  path  of  the  projedlile 
makes  with  the  radius  vedlor  is  determined  by  tliis  fo- 
lution ; for  I i is  to  i 0 as  radius  to  the  fine  of  this 

angle  ; which  fine  is  therefore  = , . ■ » 

“ a:  V a 0 — / 

J yx 


Cor.  2.  When  the  magnitude 


a c 


— IS 


equal 


to 


ay 


a b —fy  X,  the  path  is  perpendicular  to  the  radius  vec-  Apfides  d»- 1 

tor,  and  the  body  is  a tone  of  the  apfides  of  its  orbit,  and  terniined;  | 

begins  to  recede  from  the  centre  after  having  approach-  ug 
ed  to  it,  or  begins  to  opproach  after  having  receded.  And  cuir*)  i 
Cor.  3.  The  curvature  of  the  orbit  VIK  is  alfo  de-  turc.  | 
termined  in  every  point ; for  the  curvature  of  any  line  i 

is  inverfely  as  the  radius  of  the  equicurve  circle,  and 
this  is  to  the  chord  which  palTes  through  C as  radius  to 

tho 
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DfDefietS-  the  fine  of  the  angle  Cl  L Becaufe  the  velocity  in  any 
point  I is  = v'ABFD,  and  is  equal  to  what  the  centri- 
petal force  at  1 would  produce,  by  impelling  the  body 
along  :|;th  of  the  defledive  chord  of  the  equicurve  circle, 

, , . , , ABFD  ^ • u 

we  have  this  chord  = 4 — • Or  we  obtain  it  by 

taking  a third  proportional  to  the  momentary  defledion 
and  the  momentary  arch  of  the  curve,  or  by  other  pro- 
cefles  of  the  higher  geometry,  all  proceeding  on  the 
j3^  quantities  furniflied  in  this  inveftigation. 

STewtonthc  Such  is  the  folution  of  this  celebrated  problem  given 
Bteutor.  by  Sir  Ifaac  Newton,  who  may  juftly  be  called  the  in- 
ventor of  the  fcience  of  which  it  is  the  chief  refult,  as 
well  as  of  the  geometry,  by  help  of  which  it  is  pro- 
fecuted.  For  we  cannot  give  this  glory  to  Galileo; 
for  his  fimple  problem  of  the  motion  of  bodies  affeded 
by  uniform  and  parallel  gravity,  however  jull  and  ele- 
gant his  folution  may  be,  was  peculiar ; and  the  fame 
muft  be  faid  of  Mr  Huyghens’s  dodrine  of  centrifugal 
forces.  Befides,  thefe  theorems  had  been  inveftigated 
by  Newton  feveral  years  before,  fiid  matbeji  facem  pre- 
ferente,  as  corollaries  which  he  could  not  pafs  unnoticed, 
from  his  general  method.  This  is  proved  by  letters 
from  Huygens.  Newton’s  inveftigation  is  extremely, 
but  elegantly,  concife,  and  is  one  of  the  beft  exertions 
of  his  fagacious  mind. 

Whether  we'^confider  this  problem  as  a piece  of  mere 
mathematical  fpeculation,  or  attend  to  its  confequences, 
which  include  the  whole  of  the  celeftial  motions  in  all 
their  extent  and  complication,  we  muft  allow  it  to  be 
highly  interefting,  and  likely  to  engage  much  attention 
in  the  period  of  ardent  inquiry  which  clofed  the  la  ft 
century.  Accordingly,  it  was  no  fooner  known,  by 
the  publication  of  the  Mathematical  Principles  of  Na- 
tural Philofophy  in  1686,  than  it  occupied  the  talents 
of  the  moft  eminent  mathematicians ; and  many  folu- 
tions  were  publilhed,  fome  of  which  differ  confiderably 
from  Newton’s  ; fome  are  more  expeditious,  and  better 
fitted  for  computation.  Of  thefe,  the  moft  remarkable 
for  originality  and  ingenuity  are  thofe  of  de  Moivre, 
Hermann,  Keill,  and  Stewart.  The  laft  differs  moft 
from  the  methods  purfued  by  others.  M‘Laurin’s  pro- 
pofitions  on  this  fubjed,  and  in  that  part  of  his  fluxions 
which  treats  of  curvature,  are  highly  valuable,  clafling 
the  chief  affedions  of  curvillneai  motions  geometrical- 
ly, as  they  are  fuggefted  by  the  fluxionary  method  ; 
and  then  Ihewing,  in  a very  inftrudi  ve  manner,  the  con- 
nedion  between  thefe  mathematical  affedions  of  motion 
and  the  powers  of  nature  which  produce  tliem.  This 
part  of  his  excellent  work  is  a fine  example  of  the  real 
nature  of  all  inquiries  in  dynamics  ; Ihewing  that  it  dif- 
fers from  geometry  little  more  than  in  the  language,  in 
which  the  word  force  is  fubftituted  for  acceleration,  re- 
tardation, or  defledlion.  We  recommend  the  careful  pe- 
rufal  of  thefe  propofitions  to  all  who  v;ifti  to  have  clear 
conceptions  of  the  fubjed.  Dr  John  Keill  and  Dr 
Horfeley  (bifliop  of  Rochefter)  have  given  particular 
treatifes  on  the  motions  of  bodies  defleded  by  centripe- 
tal forces  inverfely  proportional  to  the  cubes  of  the  dif- 
tances  ; induced  by  the  Angular  motions  which  refult 
from  this  law  of  adion,  and  the  multitude  of  beautiful 
propofitions  which  they  fuggeft  to  the  mathematician. 
Newton,  indeed,  firft  perceived  both  of  thefe  peculiari- 
ties, and  has  begun  this  branch  of  the  general  problem. 


He  firft  demonftrated  the  defcriptlon  of  the  logarithmic  OfDefiedl- 
and  hyperbolic  fpirals,  and  indicated  a variety  of  curi- 
ous  recurrin_g  elliptical  fpirals,  which  would  be  defcrib- 
ed  by  means  of  this  force,  and  fliewing  that  they  are 
all  fufceptible  of  accurate  quadrature.  Several  of  thofe 
authors  affed  to  confider  their  folutions  as  more  per- 
fed  than  Newton’s,  and  as  more  immediately  indicat- 
ing the  remarkable  properties  of  fuch  motions  ; and  alfo 
affed  to  have  deduced  them  from  different  and  original 
principles.  But  we  cannot  help  faying,  that  their  claims 
to  fuperiority  are  very  ill  founded  ; there  is  not  a prin- 
ciple made  ufe  of  in  their  folutions  which  was  not 
pointed  out  by  Newton,  and  employed  by  him.  The 
appearance  of  originality  arifes  from  their  having  taken 
a more  particular  concern  in  fome  general  property  of 
curvilineal  motions;  fuch  as  the  curvature,  the  centri- 
fugal force,  &c.  and  the  making  that  the  leading  ftep  of 
their  procefs.  But  Newton’s  is  flill  the  beft  ; becaufe  it 
is  ftridly  elementary,  aiming  at  the  two  leading  cir- 
cumftances,  the  motion  to  or  from  the  centre,  and  the 
motion  of  revolution  round  that  centre.  To  thefe  two 
purpofes  he  adapted  his  two  fubfidiary  curves.  This 
procedure  became  Newton,  pater,  et  rerum  inventor, 
who  was  teaching  the  world,  and  who  might  fay, 

ydvia  Pieridum  peragro  loca,  nullius  ante 

Trita  pede 

Is  it  not  furprifing,  that  25  years  after  the  publica-  singular 
tion  or  Newton’s  Principia,  a mathematician  on  the  boaft  of 
continent  ftiould  publifli  a folution  in  the  Memoires  of  John  Ber- 
the French  academy,  and  boaft  that  he  had  given  the 
firft  demonftration  of  it  ? Yet  John  Bernoulli  did  this 
in  1710.  Is  it  not  more  remarkable  that  this  fhould 
be  precifely  the  folution  given  by  Newton,  beginning 
from  the  Iffme  theorem,  the  40th  I.  Prin.  following 
Newton  in  every  ftep,  and  ufing  the  fame  fubfidiary 
lines  ? Yet  fo  it  is.  Bernoulli  adually  reduces  the  whole 


ac 


1 


to  two  fun(ftIons ; namely, 
- 

and- 


J ah— — 


ab  — J'  <$  — 


which  laft  is 


X* 


plainly  the  fame  with  Newton’s 


Qj<  CX’ 


becaufe  Nev/ton’s  -^is  the  fame  with  — , and  Newton’s 


aVabdf— Z" 

a c 

K 


A'a^ABFD — is  the  fame  with 


^ a h—f  X’ 


■ a c 


.,  whichBernoullihasehanged  (apparently  tohide 


the  borrowing) 


into  ^ ahx^’ — J'  x*  x — . 


a^  c^ 


"-iv 


This  publication  of  Bernoulli  is  perhaps  the  moft  impu- 
dent piece  of  literary  robbery,  for  theft  is  too  mild  a 
term,  that  has  ever  appeared  ; and  is  the  more  deferv- 
ing  of  fevere  reprehenfion,  becaufe  it  is  full  of  reflec- 
tions on  the  fimple  and  fupremely  elegant  method  of 
Newton.  It  is  hardly  conceivable  that  a perfon  of  Ber- 
noulli’s confummate  mathematical  knowledge  v/as  fo 

much 
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OfBeflecJ:-  much  blluJeJ  by  the  mechanical  procedure  of  the  fym- 

jng  Forces,  calculus  (which  indeed  is  rarely  accompanied 

by  any  ideas  of  the  fubjefft  in  hand)  as  not  to  perceive 
the  peifed  famenefs  of  his  folution.  No;  he  fiiews, 
from  time  to  time,  that  the  phyfical  ideas  of  motion 
and  force  were  prefent  to  his  mind  ; for  he  affedls  to 
Ihevv,  that  all  Newton’s  brighteft  difcoveries,  fuch  as 
the  proportionality  of  the  areas  and  times,  &c.  flow 
as  corollaries  from  his  procedure. 

Bernoulli’s  chief  boaif  in  this  diflertation  Is,  that  nonv 
philofophers  may  be  affured  that  the  planets  will  always 
delcribe  conic  fedlions ; a irurh  of  which  they  had  not 
as  yet  received  any  proof ; becaufe,  fays  he,  Newaon’s 
argument  for  it  in  the  corollary  of  the  13th  propofition 
is  inconclufive,  andbecaufche  hadnot  been  able  to  accom- 
modate his  demonftrationof  the  41(1  and42d  propofition 
to  the  particular  cafe  of  the  planetary  gravitation.  Two 
alfertions  that  border  on  infolence.  Newton’s  demon- 
ftration  in  the  corollary  of  the  13th  propofition  is  jufl, 
founded  on  the  principle  on  which  the  very  demonflration 
of  the  42d,  adopted  by  Bernoulli,  proceeds,  and  without 
which  that  demonllration  is  of  no  force  ; namely,  that  a 
body,  in  given  circumftances  of  fituation,  velocity,  direc- 
tion, and  centripetal  force,  can  defcribe  no  other  figure 
than  what  It  really  defciibes.  Newton  did  not  accom- 
modate the  demonflration  of  the  42d  propofition  to  the 
planetary  motions,  becaufe  he  had  already  demonftrated 
the  nature  of  their  orbits;  but  mentions  the  cafe  of  a force 
proportional  to  the  reciprocal  of  the  cubes  of  the  dif- 
tance  ; not  as  a dedudtion  from  the  42d,  but  becaufe  it 
<was  not  a dedudtion  from  It,  and  admitted  a very  fin- 
gular  and  beautiful  inveftigation  by  methods  totally  and 
effentially  different. 

Bernoulli  alfo  fays,  that  Newton’s  folution  does  not 
give  us  the  notion  of  a continuous  path,  as  his  own  does, 
but  only  Informs  us  how  to  afcertain  points  of  this  path. 
This  is  the  boldeft  of  all  his  affertions.  Bernoulli  ufes 
the  differential  calculus.  It  is  the  ejfenttal  charadter  of 
this  calculus  that  it  exhibits,  and  can  exhibit,  nothing 
but  detached  points.  This  is  undeniable.  And  this 
lias  been  objedled  to  Newton’s  firfl  propofition.  But 
Newton’s  ^ny^omx'j  geometry,  of  which  the  calculus  ex- 
hibits only  elements  (being  the  fame  with  the  differen- 
tial), fuppofes  the  continuity  of  all  magnitudes  ; and 
when  applied  to  dynamics,  is  no  fubflitution  whatever, 
but  the  ipfa  corpora.  This  geometry  offered  Itfelf  to  the 
mind  of  Newton,  the  accomplifhed  and  darling  fcholar 
of  Barrow,  w'hofe  geometry  flafhed  on  Newton’s  mind 
as  the  torch  wliich  was  to  fhew  him  the  fteps  of  this 
yet  untrodden  path. 

We  truft  that  our  readers  will  not  be  dlfpleafed  with 
our  repeated  endeavours  to  defend  our  great  philofo- 
pher  from  the  injurious  attacks  that  have  been  made 
on  him.  During  his  own  illuftrious  life,  while  he  was 
diffufing  light  and  knowdedge  around  him,  and  never 
contended  for  fame,  happy  -in  being  the  inRrudor  of 
mankind,  he  was  injured  by  thofe  who  envied  his  repu- 
tation, while  they  derived  their  chief  honours  from  be- 
ing his  heft  commentators.  Now,  fince  he  has  left  this 
world,  he  has  been  more  grofsly  injured  by  thofe  who 
avail  themfelves  of  that  very  reputation  ; and  who,  by 
crude  and  contemptible  inferences  from  his  doftrine  of 
elaftic  undulations,  and  grofs  mifreprefentations  of  his 
notions  of  an  elherial  fluid,  have  pretended  to  fupport 
a fyftem  of  materialifm  j and  thus  have  fet  Newton  at 
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the  head  of  the  atheiftical  feff,  which  he  held  in  abhor-  Of  Deflect, 
rence.  For  our  part,  we  always  think  with  pleafure  on  ing^orccs. 
the  wonderful  energy  of  that  great  mind  ; becaufe  it  ~ 
gives  us  a forStafte  of  thofe  pleafures  that  await  the 
wife  and  good,  when  the  forrows  flowing  from  the  in- 
firmities, the  vices,  and  the  arrogant  vanity  of  man  are 
pafl  ; 

Utque  In  hoc,  infelici  campSy 
Ubi  lu£lus  regnat,  et  pavor, 

MortaTibus  prorfus  non  ahfit  folatium, 

Hujus  enim  fcrlpta  evolvas, 

Mentemque  ta7itarum  rerum  capacem 
Corporl  caduco  fiiperjlitem  credas. 

It  cannot  be  expe(5ted  that,  in  the  narrow  limits  pre- 
feribed  to  a work  like  ours,  we  can  proceed  to  coniider 
the  various  departments  of  this  celebrated  problem. 

We  are  only  giving  the  outlines  of  the  general  docflrines 
of  dynamics  ; and  we  have  beftowed  more  time  on  thofe 
which  are  purely  elementary  than  fome  readers  may 
think  they  deferve.  We  were  anxious  to  give  juft  con- 
ceptions of  the  fundamental  principles  of  dynamics  ; be- 
caufe we  know  that  nothing  elfe  can  intitle  it  to  the 
name  of  a demonftrative  fcience,  and  becaufe  we  fee 
much  indiftinffnefs  and  uncertainty,  and  a general 
vaguenefs  or  want  of  precifion,  in  feveral  elementary 
works  which  are  put  into  the  hands  of  perfons  entering 
on  the  ftudy.  This  leads  to  errors  of  more  confequcnce 
than  a perfon  is  apt  to  think  ; becaufe  they  effefl  our 
leading  thoughts  of  mechanlfm  itfelf,  and  our  notions 
of  the  intimate  nature  of  the  vifible  univerfe. 

But  we  muft  conclude  the  article  with  this  great 
problem.  Many  very  general  dotflrines  of  dynamics  re- 
main untouched  ; all,  namely,  that  relate  to  the  rotative 
motion  of  rigid  bodies,  and  all  that  relate  to  the  mutual 
adlion  of  bodies  on  each  other  in  the  way  of  impulfe. 

The  rotative  motions,  with  the  doflrine  of  mechanic 
momenta,  have  been  confidered  at  large  in  the  article 
Rotation  of  the  Encycl.  and  we  propofe  to  offer 
fome  important  confideratlons  on  the  fame  fubjedl 
in  our  fupplement  to  the  articles  Machine  and  Me- 
chanics. In  the  article  Impulsion  will  be  confidered 
fuch  doffrines  as  are  truly  general,  and  independent  of 
the  fpecific  differences  of  the  bodies.  Dynamics  pro- 
feffes  to  Involve  no  notions  but  thofe  of  force,  and  its 
marks  and  meafures. 

Notvvithftanding  thefe  great  omiflions,  we  muft  ob- 
ferve  that  no  new  principle  remains  to  be  confidered. 

We  have  given  all  that  are  necelTary;  and  there  is  no 
queftion  that  occuis  in  the  cafes  omitted,  which  cannot 
be  completely  anfwered  by  means  of  the  propofitions 
already  eftabliflied.  We  have  taught  how  to  difeover 
the  exiftence  and  agency  of  a mechanical  force,  to  mea- 
fure  and  characlerife  it,  and  then  to  ftate  what  will  be 
its  various  effeifts,  according  to  the  circumftances  of 
the  cafe. 

Proceeding  by  thefe  principles,  men  have  difeovered 
an  univevfal  fa£l,  that  every  action  of  one  body  on  ano- 
ther is  accompanied  by  an  equal  reaction  of  that 
other  on  the  firft,  in  the  oppofite  diredtion  ; that  is,  to 
exprefs  it  in  the  language  of  dynamics,  “ all  the  pheno- 
mena which  make  us  infer  that  the  body  A poffeffes  a 
force  by  which  it  changes  the  motion  of  the  body  B, 
fhew,  at  the  fame  time,  that  B poffeffes  a force  by 
which  it  makes  an  equal  and  oppofite  alteration  in  the 
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Conclufion.  motion  of  A,”  This,  however,  is  not  a dodrine  of  ab- 
ftradt  dynamics  : it  does  not  flow  from  our  idea  of 
force  ; therefore  it  was  not  included  in  our  lift  of  the 
Laws  of  Motion.,  It  is  a part  of  the  mechanical 
hiflory  of  nature,  julTas  the  law  of  univerfal  gravitation 
is ; and  it  might  be  called  the  law  of  Universal  Re- 
action. Sir  Ifaac  Newton  has,  in  our  humble  appre- 
henfion,  deviated  from  his  accuftcmed  logical  accuracy, 
when  he  admits,  as  a third  axiom  or  law  of  motion, 
that  readion  is  always  equal  and  contrary  to  adion.  It 
is  a phyfical  law,  in  as  far  as  it  is  olferved  to  obtain 
through  the  whole  extent  of  the  folar  fyftem.  But  New- 
ton himfelf  did  not,  in  the  fubfequent  part  of  his  noble 
work,  treat  it  as  a logical  axiom ; that  is,  as  a law  of  hu- 
man thought  with  refped  to  motion ; for  he  labours 
with  much  folicitude,  and  with  equal  fagacity,  to  p.»-ove, 
by  fa3  and  ohfervation,  that  it  really  obtains  through 
the  whole  extent  of  the  folar  fyftem  ; and  it  is  in  this 
difcovery  that  his  chief  claim  to  unequalled  penetration 
’ J34  and  difcernment  appears. 

Impulfion  Availing  ourfelves  of  this  fad,  we,  with  very  little 
explained  trouble.  Rate  all  the  laws  of  Impulfion.  The  body  A, 
fcjiU  for  example,  moving  to  the  weftward  at  the  rate  of 
eight  feet  per  minute,  overtakes  the  double  body  B, 
moving  at  the  rate  of  four  feet  per  minute.  What  muft 
be  the  confequence  of  their  mutual  impenetrability, 
and  of  the  equality  and  contrariety  of  adion  and  re- 
adion  ? Their  motions  muft  be  fuch  that  both  fuftain 
equal  and  oppofite  changes.  They  muft  give,  in  fome 
way  or  other,  this  indication  of  polfeffing  equal  and  op- 
pofite forces.  This  will  be  the  cafe  if,  when  the  chan- 
ges are  completed,  A and  B move  on  in  contad  at  the 
rate  of  four  feet  per  minute  j for  here  A has  produced 
in  each  half  of  B a change  of  motion  two  ; and  there- 
fore a totality  of  change  equal  to  four.  This  is  the 
effed,  the  mark,  the  meafure,  of  the  impul/ive  force  of 
A;  for  it  is  the  whole  impulfion.  B has  produced  in 
A a change  of  motion  four,  equal  to  the  former,  and 
in  the  oppofite  diredion.  This  is  the  effed,  mark,  and 
meafure  of  the  repulfve  force  of  A ; for  it  is  the  whole 
repuljion.  And  this  is  all  that  we  obferve  in  the  colli- 
fion  of  two  lamps  of  clay  ; and  the  obfervation  is  one 
of  the  fads  on  which  the  realicy  of  the  phyfical  law  of 
equal  adion  and  readion  is  founded  : and  we  can  make 
no  farther  inference  from  this  fad. 

But  the  event  might  have  been  very  different.  A 
and  B may  be  two  magnets  floating  on  corks  on  wa- 
ter, with  their  north  poles  fronting  each  other.  We 
know,  by  other  means,  that  they  really  poffefs  forces 
by  which  they  equally  repel  each  other.  The  dyna- 
mical principles  already  eftabiifhed  tell  us  alfo  what 
muft  happen  in  this  cafe.  That  both  conditions  of 
equal  readion  and  fenfible  repulfion  may  be  fulfilled, 
A muft  come  to  reft,  and  B muft  move  forward  at  the 
rate  of  four  feet  per  minute.  The  fame  thing  muft  hap- 
pen in  the  meeting  of  perfedly  elaltic  bodies,  fuch  as 
billiard  balls.  If  elafticities  are  known  to  be  imperfed 
in  any  degree,  our  dynamical  principles  will  full  ftate 
the  effed  of  their  collifion,  in  conformity  to  the  law  of 
equal  readion. 

In  like  manner,  all  the  motions  of  rotation  are  ex- 
plained or  predided  by  means  of  the  fame  principles  of 
dynamics  applied  to  the  force  of  cohefion.  This  is  con- 
fidered  as  a moving  force,  becaufe,  when  the  attiadion 
of  a magnet  ads  on  a bit  of  iron  attached  to  one  end 
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of  a long  lath  floating  on  water,  the  whole  lath  is  mov-  Conclufioij. 
ed,  although  the  magnet  does  not  aft  on  it  at  all : 
fome  ether  force  ads  on  it ; it  is  its  col)efion  ; which 
is  therefore  a moving  force,  and  the  fubjed  of  dynami- 
cal difcuffion. 

And  thus  it  appears  that  thefe  fubjeds  do  not  come  156 
neceffarily,  nor,  perhaps,  with  fcientific  propriety,  un- 
der the  category  of  dynamics,  but  are  parts  of  the  me- 
chanical hiftory  of  nature.  Yet,  did  a work  like  ours 
give  room  in  this  place,  the  ftudy  of  mechanical  na- 
ture might  be  confiderably  improved,  by  giving  a fyftem 
of  fuch  general  dodrines  as  involve  no  other  notions 
but  thofe  of  force  and  its  meafures,  and  the  hypothefis 
of  equal  readion.  Some  very  general,  nay  univerfal, 
confequences  of  this  combination  might  be  eftabiifhed, 
which  would  greatly  affift  the  mechanician  in  the  foln- 
tion  of  difficult  and  complicated  problems.  Such  is  the 
propofition,  that  the  mutual  adions  of  bodies  depend  on 
their  relative  motions  only,  and  require  no  kno-vjleJge  of 
their  real  motions.  This  principle  fimpHnes  in  a won- 
derful manner  the  rnoft  difficult  and  the  moft  frequent 
cafes  of  adion  which  nature  prefents  to  our  view ; but 
at  the  fame  time  gives  a fevere  blow  to  human  vanity, 
by  forcing  us  to  acknowledge  that  we  know  nothing 
of  the  real  motion  of  any  thing  in  the  univerfe,  and 
never  fliall  know  any  thing  of  it,  till  our  intelledual 
conftitution,  or  our  opportunities  of  ohfervation,  are 
completely  changed. 

Mr  D’Alembert  has  made  this  principle  ftill  more  137 
ferviceable  for  extricating  ourfelves  from  the  imnienfe 
complication  of  adions  that  occurs  in  all  the  fpontane- 
ous  phenomena  of  nature,  by  prefenting  it  to  us  in  a 
different  form,  which  more  diftindly  expreffes  what 
may  be  called  the  elements  of  the  adions  of  bodies  on 
each  other.  His  propofition  is  as  follows  (fee  his  Dy- 
namique,  page  73.)  : 

“ In  whatever  manner  a number  of  bodies  change  D’AIem- 
their  motions,  if  we  fuppofe  that  the  motion  which  ben’s  gene- 
each  body  would  have  in  the  following  moment,  if  it  prind- 
were  perfedly  free,  is  decompofed  into  two  others,  one 
of  which  is  the  motion  which  it  really  takes  in  confe- 
quence  of  their  mutual  adions,  the  other  will  be  fuch, 
that  if  each  body  were  imprelfed  by  this  force  alone 
(that  is,  by  the  force  which  would  produce  this  motion) 
the  whole  fyftem  of  bodies  would  be  in  equilibrio.” 

This  is  almoft  felf-evident  j for  if  thefe  fecond  confti- 
tutent  forces  be  not  fuch  as  would  put  the  fyftem  in 
equilibrio,  the  other  conftiliient  motions  could  not  be 
thofe  w'hich  the  bodies  really  take  by  the  mutual  adion, 
but  would  be  changed  by  the  firft. 

For  example,  let  there  be  three  bodies  P,  and 

let  the  forces  A,  B,  C,  ad  on  them,  fuch  as  would  give 
them  the  velocities  p,  q,  r,  in  any  diredions  what- 
ever, producing  the  momenta,  or  quantities  of  motion, 

Px/»,  Qffqi  Rxr,  which  we  may  call  A,  B,  C,  be- 
caufe they  are  the  proper  meafures  of  the  moving 
force.  Let  ns  moreover  fuppofe,  that,  by  ftriking  each 
other,  or  by  being  any  how  conneded  with  each  other, 
they  cannot  take  thefe  motions  A,  B,  and  C,  but 
really  take  the  motions  a,  b,  and  c.  It  is  plain  that  we 
may  conceive  the  motion  A impreffed  on  the  body  P, 
to  be  compofed  of  the  motion  a,  which  it  really  takes, 
and  of  another  motion  a.  In  like  manner,  B may  be 
refolved  into  h,  which  it  takes,  and  another  j6  ; and  C 
into  c and  x.  The  motions  will  be  the  fame  whether 
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Conclufion.  when  the  original  itfelf  Is  In  our  hands,  and  affords  a 
* much  more  comprehenfible  obje(fl  than  one  of  its  ab- 
ftradt  qualities,  mere  magnitude.  Let  any  perfon  can- 
didly compare  the  lunar  theory  by  Mayer  or  Euler 
wuth  that  by  its  illuftrious  inventor  Sir  Ifaac  Newton, 
and  fay  which  of  the  two  is  moft  luminous  and  mod: 
pleafmg  to  the  mind.  No  perfon  will  deny  that  thefe 
later  performances  are  incomparably  more  adapted  to 
all  practical  purpofes,  and  lead  to  corrections  whicli  it 
would  be  extremely  difficult  and  tedious  to  inveftigate 
geometrically ; but  it  muft  be  acknowledged,  at  the 
fame  time,  that  till  this  be  doncy  we  have  no  idea  what- 
ever of  the  deviation  of  the  traCt  which  this  correction 
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afcertains  from  the  path  which  the  moon  would  follow,  CotKMon. 
independent  of  the  difturbance  expreffed  by  the  cor- 
rection. In  like  manner,  Dan.  Bernoulli,  by  mixing  as 
much  as  poffible  the  linear  method  with  the  algebraic, 
in  his  differtations  on  mufical  chords,  made  tire  beauti- 
ful difcovery  of  the  fecondary  trochoids,  and  demon- 
ftrated  the  co-exiftence  of  the  harmonic  founds  in  a full 
mufical  note.  Let  the  accompliflied  mathematician  pufh 
forward  our  knowledge  of  dynamics  by  the  employment 
of  the  fymbolical  asalyfis  ; but  let  him  be  followed  as 
clofe  as  poffible  by  the  geometer,  that  w'e  may  not  be 
robbed  of  ideas,  and  that  the  ftudent  may  have  light  to 
direct  his  fteps.  But, — ntanum  e tabuhi. 
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DYNANOMETER,  an  inftrument  for  afcertalning 
the  relative  mufcular  ftrength  of  men  and  other  animals. 
That  it  would  be  deiirable  to  know  our  relative  ftrengths 
at  the  different  periods  of  life,  and  in  different  ftates  ot 
health,  will  hardly  be  denied ; and  there  can  be  no 
doubt  but  that  it  would  be  highly  ufeful  to  have  a 
portal?le  inftrument  by  which  we  could  afcertain  the 
relative  ftrength  of  horfes  or  oxen  intended  for  tlie 
plough  or  the  waggon.  Such  an  inftrument  was  invent- 
ed, many  years  ago,  by  Graham,  and  improved  by  De- 
faguliers ; but  being  conftruCled  of  wooden  work  it  was 
too  bulky  to  be  portable,  and  therefore  it  was  limited 
in  its  ufe. 

M.  Leroy  of  the  Academy  of  Sciences  at  Paris  con- 
ftruCfed  a much  more  convenient  Dynanometcr  than 
Graham’s,  confifting  of  a metal  tube  ten  or  twelve 
Inches  in  length,  placed  vertically  on  a foot  like  that  of 
a candleftick,  and  containing  in  the  infide  a fpiral 
fpring,  having  above  it  a graduated  fhank  terminating 
in  a globe.  This  fhank,  together  with  the  fpring,  funic 
into  the  tube  in  proportion  to  the  weight  aCting  upon 
it,  and  thus  pointed  in  degrees  the  ftrength  of  the  per- 
fon who  preffcd  on  the  ball  with  his  hand. 

This  was  a very  fimple  conftruCHon,  and,  we  think, 
a good  one  ; but  it  did  not  fatisfy  Buffon  and  Gueneau. 
Thefe  two  phiiofophers  wifhed  not  merely  to  afcertain 
the  mufcular  force  of  a finger  or  a hand,  but  to  efti- 
mate  that  of  each  limb  feparately,  and  of  all  the  parts 
of  the  body.  They  therefore  employed  M.  Regnicr 
to  contrive  a new  dynanometcr  ; and  the  account  which 
he  gives*  of  his  attempts  to  fulfil  their  wifhes  is  calcu- 
lated to  enhance  the  difficulty  of  the  enterprize.  The 
inftrument,  however,  which  he  conftruded  is  notfuch 
as  appears  to  us  to  have  required  any  uncommon  fkill 
in  mechanics,  or  any  very  great  ftretch  of  thought.  It 
confifts  chiefly  of  an  elliptical  fpring  twelve  inches  in 
length,  rather  narrow,  and  covered  with  leather  that  it 
may  not  hurt  the  fingers  when  compreifed  by  the  hands. 
This  fpring  is  compofed  of  the  beft  fteel  well  welded 
and  tempered,  and  afterwards  fubjedled  to  a ftronger 
effort  than  is  likely  to  be  ever  applied  to  it  either  by 
men  or  animals,  that  it  may  not  lofe  any  of  its  elafticity 
by  ufe. 

The  effefls  of  this  machine  are  eafily  explained.  If 
a perfon  comprelfes  the  fpring  with  his  hands,  or  draws 
it  out  lengthwife  by  pulling  the  two  extremities  in  con- 
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trary  direftlons,  the  fides  of  the  fpring  approach  to-  Dyfentsry. 
wards  each  other ; and  it  has  an  apparatus  (we  do  not 
think  a very  fimple  one)  appended  to  it,  confifting  of 
aii  index  and  femicircular  plate,  by  which  the  degree 
of  approach,  and  confequently  of  effort,  employed,  is 
afeertained  with  great  accuracy.  The  author  gives  a 
tedious  defeription  of  other  appendages,  by  means  of 
which  horfes  or  oxen  may  be  employed  to  comprefs 
the  fpring.  But  as  any  mechanic  may  devife  means  for 
this  purpofe,  we  do  not  think  It  worth  while  to  tran- 
feribe  that  defeription.  The  Englifti  reader  will  find  a 
full  account  of  the  whole  apparatus  in  the  4th  number 
of  the  very  valuable  mifcellany  entitled  The  Philofophl- 
cal  Magazine.  The  principle  of  the  contrivance,  cen- 
fifts  in  the  elliptical  fpring,  of  which  w'e  confefs  our- 
felves  unable  to  perceive  the  fuperiority  to  the  fpiral 
fpring  of  M.  Leroy,  though  the  author  fees  it  very 
clearly. 

DYSENTERY  (See  Medicine  Index,  Encycl.). 

For  the  cure  of  this  difeafe  we  have  the  following  fimple 
prefeription  by  Dr  Perkins  and  Dr  B.  Lynde  Oliver, 
of  the  ftate  of  Maffachufetts  in  North  America. 

Saturate  any  quantity  of  the  beft  vinegar  with  com- 
mon marine  fait ; to  one  large  table  fp^onful  of  this  fo- 
lution  add  four  times  the  quantity  oPWiIling  water  ; 
let  the  patient  take  of  this  preparation,  as  hot  as  it  can 
be  fwallowed,  one  fpoonful  once  in  half  a minute  until 
the  whole  is  drank  : this  for  an  adult.  The  quantity 
may  be  varied  according  to  the  age,  fize,  and  conftita- 
tion  of  the  patient.  If  neceffary,  repeat  the  dofe  once  in 
fix  or  eight  hours.  Confiderable  evacuations  I conceive 
(fays  Dr  Perkins)  to  be  not  only  unneceffary,  but  injuri- 
ous, as  they  ferve  to  debilitate  and  prolong  the  difeafe.  A 
tea  of  plantain,  or  fome  other  cooling,  fimple  drink,  may 
be  ufel  ul  ; and  if  a third  for  cyder  be  difeovered,  it  may 
be  gratified.  Carelully  avoid  keeping  this  preparation 
in  vefi'els  partaking  of  the  qualities  of  lead  or  copper, 
as  the  poifon  produced  by  that  means  may  prove  dan- 
gerous. 

The  fuccefs  of  the  remedy  depends  much  on  prepar- 
ing and  giving  the  dofe  as  above  direded. — The  fim- 
plicity  of  this  treatment  renders  it  the  more  valuable,  as 
all  perfons  have  it  in  their  power  to  avail  ibemfelves  of 
its  ufe. 

Dr  Perkins  fays,  that  he  has  found  it  ufeful  in  agues, 
diarrhoeas,  and  the  yellow  fever. 
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Earl,  a townftilp  in  Lancafler  co.  Pennfylva- 
nia. — Morse. 

EARTH,  in  chemiftry.  See  CnEuisTRY-Index  in 
this  Supplement. 

Earth,  in  aftronomy  and  geography.  See 
elopmdia. 

Earth,  in  ancient  philofopby,  one  of  the  elements, 
the  fubftance  of  which  this  globe  is  compofed.  To  af- 
certain  the  denfity  of  that  lubftance  many  experiments 
have  been  made  ; but  perhaps  none  more  ingenious  than 
thofe  of  Mr  Cavendifli,  which  are  detailed  at  full  length 
in  Part  II.  of  the  Tranfadions  of  the  Royal  Society 
of  London  for  1798.  They  were  projeded  by  the 
late  Rev.  John  Michell,  F.  R.  S.  but  he  did  not  live  to 
carry  them  into  effed.  After  his  death  the  apparatus 
came  to  the  Rev.  F.  J.  H,  Wollalton,  Jackfonian  Pro- 
felTor  at  Cambridge,  who  transferred  them  to  Mr  Ca- 
vendifh.  The  apparatus  contrived  for  making  fenfible 
the  attradion  of  finall  quantities  of  matter,  and  which 
has  been  improved  by  Mr  Cavendifh,  is  very  fimple  : it 
confifts  of  a wooden  arm  6 feet  long,  fufpended  by  the 
middle  in  an  horrizontal  pofition  by  a flender  wire  40 
inches  long ; to  each  extremity  is  hung  a leaden  ball 
about  two  inches  in  diameter  ; and  the  whole  is  inclofed 
in  a wooden  cafe  to  defend  it  from  the  wind. 

As  no  more  force  is  required  to  turn  this  balance  on 
its  centre  than  is  neceflary  to  twift  the  flender  fufpend- 
ing  wire,  the  fmalleft  degree  of  attradion  of  a leaden 
weight  or  weights,  a few  (eight)  inches  in  diameter, 
brought  near  to  the  fmall  fufpended  ball  or  balls  of  the 
balance,  will  be  fufficient  to  move  it  fenfibly  afide. 

To  determine  from  hence  the  denfity  of  the  earth, 
all  that  is  neceffary  is,  to  afeertain  what  force  is  re- 
quired to  draw  the  arm  afide  through  a given  fpace, 
and  then  to  have  recourfe  to  calculation. 

To  prevent  any  dillurbance  frojn  currents  that  might 
be  produced  within  the  box  tliat  contained  the  balance, 
by  even  the  difference  of  temperature  that  might  be  oc- 
cafioned  by  heat  being  communicated  by  the  bodies  of 
the  experimenters  to  one  lide  of  it  more  than  another, 
it  was  fupported  in  the  middle  of  a clofe  room ; the 
operators,  from  adjoining  apartments,  viewed  the  ope- 
ration through  holes  in  the  wall  by  means  of  telefcopes  ; 
and  the  apparatus  had  a ftrong  light  thrown  upon  its 
two  ends  (an  opening  being  left  at  each  end  of  the  box 
for  the  purpofe)  by  means  of  two  lamps,  alfo  in  the  ad- 
joining apartmertts,  the  rays  from  which  were  likewife 
made  to  pafs  through  the  holes  formed  in  the  wail. 

The  two  large  balls  were  fufpended  from  a beam 
near  the  deling,  which  could  be  moved  in  an  horri- 
zontal diredfion,  by  means  of  a ftring  and  pulley,  fo 
MS  to  be  brought  near  to  the  fmall  balls  of  the  balance, 
or  made  to  recede  again,  without  requiring  any  perfon 
to  be  in  the  room. 

From  this  defeription  it  will  be  ealily  feen,  that  on 
the  two  large  balls  being  brought  near  to  the  two  fmall 
ones,  but  on  oppofite  hdes  of  each,  that  their  forces 
may  jnpt  co.untcraft  each  other— the  ftnall  fufpending 


wire  of  the  balance  mud  be  twifted  by  the  movements 
of  the  arms,  occafioned  by  attradlion,  which  carries  the 
fmall  towards  the  large  balls  ; and  that  the  wire,  endea- 
vouring to  untwift  itfelf,  will  again  in  Its  turn  carry  the 
fmall  balls  away  from  the  large  ones.  Vibrations  are 
thus  occafioned,  which  would  continue  a long  time  be- 
fore the  fmall  balls  would  fettle  between  the  liift  point 
of  reft  and  the  large  balls : but  it  Is  not  neceffary  to 
wait  for  this  ; an  ivory  fcale  at  each  end  of  the  balance 
enables  the  experimenters,  by  means  of  their  ifelefcopes, 
to  fee  the  two  extreme  divifions  to  which  the  fmall  balls 
move  in  their  vibrations,  and  thus  to  determine  the 
middle  point.  The  time  neceffary  for  each  vibration  is 
alfo  noticed. 

A full  account  of  thefe  experiments,  and  of  the  cal- 
culations founded  on  them,  would  be  little  interefting 
to  the  great  majority  of  our  readers.  We  fliall  there- 
fore only  mention  the  refult.  By  a mean  of  the  expe- 
riments the  denfity  of  the  earth  comes  out  5 '48  times 
greater  than  that  of  water. 

By  the  experiments  made  by  Dr  Mafkelyne  on  the 
attradion  of  the  hill  Schehallitn,  the  denfity  of  the 
earth  was  computed  to  be  only  44  times  that  of  water. 
The  difference  of  refult,  therefore,  is  almoft  cne-fifeh, 
which  no  doubt  muft  leffen  our  confidence  in  either  fet 
of  experiments,  or  in  the  principle  on  which  they  were 
devifed. 

EARYH-Worm  (fee  Lumbricus,  Encycl.)  is  an  ani- 
mal which  occafions  fuch  deftrudion  in  gardens,  by 
gnawing  the  tender  roots  of  fiirubs  and  plants,  that  va- 
rious methods  have  been  propofed  for  remedying  this 
evil.  One  of  the  lateft,  and  that  which  promiies  to 
prove  the  moft  fuccefsfijl,  Is  given  by  M.  Socoloff  in. 
the  fifth  volume  of  the  New  Tranfadions  of  the  Impe- 
rial Academy  of  Sciences  at  Peterfbnrgh.  As  the  de- 
ftrudive  power  of  quick-lime,  heightened  by  a fixed  al- 
kali, which  corrods  or  diffolves  all  the  tender  parts  of 
animals,  has  been  long  known,  it  occurred  to  our  au- 
thor that  this  mixture  would  he  the  bell  means  for  ac- 
complifiiing  the  objed  which  he  had  in  view.  He 
therefore  took  three  parts  of  quick-lime,  newly  made^ 
and  two  parts  of  a faturated  folution  of  fixed  alkali  in 
water,  and  thence  obtained  a fomewhat  milky  liquor 
fufficiently  cauftic,  highly  hoftile  and  poifonous  to  earth- 
worms and  other  fmall  animals  ; for  as  foon  as  it  touch- 
ed any  part  of  their  bodies,  it  occafioned  in  them  vio- 
lent fymptoms  of  great  uneafinefs.  If  this  liquor  be 
poured  into  thofe  holes  in  which  the  eartli-worms  refide 
under  ground,  they  immediately  throw  themfelves  out 
as  if  driven  by  fome  force ; and,  after  various  contor- 
fions,  either  languifti  or  die.  If  the  leaves  of  plants  or 
fruit-trees,  frequented  by  the  voracious  caterpillars,, 
which  are  fo  deftrudive  to  them,  be  fprinkled  over  with 
this  liquor,  thefe  infeds  fuddenly  contrad  their  bodies, 
and  drop  to  the  ground.  For  though  Nature  has  de- 
fended them  tolerably  well  by  their  hairy  Ikins  from 
any  thing  that  might  injure  their  delicate  bodies,  yet  as 
foon  as  they  touch  with  their  feet  or  mouths  leaves 
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; jBaftaiialle  which  have  been  moiftened  by  this  liquor,  they  become 
I y as  if  it  were  ftupified,  inftantly  contradl  thenifelves,  and 
! fall  down. 

With  regard  to  plants  or  corn,  thefefuftain  no  inju- 
ry from  the  liquor,  becaufe  it  has  no  power  over  the 
productions  of  the  vegetable  kingdom,  as  our  author 
has  fully  learned  from  experience  ; or  if  any  hurt  is  to 
be  fufpected,  all  the  danger  will  be  removed  by  the  firft 
fhower  that  falls.  This  liquor  may  be  procured  in 
abundance  in  every  place  where  lime  is  burnt.  If  the 
lime  be  frefli,  one  part  of  it  infufed  into  about  feventy 
parts  of  common  water  will  produce  real  lime-water. 
The  want  of  the  fixed  alkali  may  be  fupplied  by  boil- 
ing wood  afties  in  water,  and  thickening  the  ley  by 
evaporation. 

This  liquor  might  be  employed  alfo  to  kill  bugs  and 
other  domeftic  infecffs ; but  on  account  of  its  ftrong 
lixivious  fmell,  M.  SocolofF  thinks  it  could  not  be  ufed 
with  fafety  in  houfes  that  are  inhabited.  Nothing, 
however,  more  fpeedily  or  more  effectually  deftroys 
bugs,  as  our  author  fays  he  has  repeatedly  experienced, 
than  the  oily  pickle  that  remains  in  calks  in  which  falt- 
cd  herrings  have  been  packed. 

EASTANALLE,  the  north-eaft  head  branch  of 
Alabama  river  in  Georgia,  on  which  Hands  the  town  of 
Eaftanallee. — Morse. 

EAST  BETHLEHEM,  a townflfip  in  Wafhington 
CO.  Pennfylvania. — ii>. 

EAST  CHESTER,  a townfhip  in  Well  Chefter  co. 
New-York,  on  Long-Illand  found,  about  8 miles  S.  W, 
of  Rye,  5 northerly  of  Weft  Chefter,  and  17  N.  E.  of 
New-York.  It  contains  740  inhabitants  ; of  whom 
io6  are  electors,  and  75  flaves. — tb. 

EASTER,  an  ifle  in  the  Pacific  ocean.  S.  lat.  27. 
8.  W.  long.  109.  41.  It  is  barren  and  has  no  frefh 
water. — ib. 

EASTERN  IJland  on  the  E.  fide  of  Chefapeak  bay, 
at  the  mouth  of  Chefter  river. — ib. 

EASTERN-PRECINCT,  in  Soraerfet  co,  New- 
Jerfey,  contains  2068  inhabitants,  of  whom  468  are 
flaves. — ib. 

EASTERN-RIVER,  a fettlement  in  Hancock  co. 
diftrift  of  Maine,  containing  240  inhabitants. — ib. 

E ASTERTON,  a village  in  Dauphin  co.  Pennfylva- 
nia, on  the  E.  fide  of  Sufquehanna  river  4 miles  N.  by 
W.  of  Harrilburg,  and  iii  N.  W.  by  W.  of  Philadel- 
phia.— ib. 

EAST  GREENWICH,  a poll  town,  and  the  chief 
townlhip  in  Kent  co,  Rhode-Ifland  ; 16  miles  S.  of 
Providence,  and  22  N.  N.  W.  of  Newport,  and  contains 
1824  inhabitants.  The  compact  part  called  Greenwich 
town,  has  a number  of  dvvelling-houfes,  a meeting- 
houfe,  and  handfome  court-houfe  ; and  although  its 
commerce  is  greatly  reduced,  carries  on  the  fiflieries  to 
advantage,  and  fends  fome  veffels  to  the  Weft-Indies. 
It  is  firuated  on  the  N.  W.  part  of  Narraganfet  bay. 
Both  this  town  and  Warwick  are  noted  for  making 
good  cider  ; and  formerly  for  raifing  tobacco  for  ex- 
portation.— ib. 

EAST  HADDAM,  a townfhip  in  Middlefex  co. 
Connecticut,  fuuated  on  the  E.  fide  of  Connecticut  river, 
oppofite  to  Haddam,  of  which  it  was  formeily  a part. 
It  w'as  fettled  in  1704,  and  lies  14  miles  Ibuthwardly 
of  Middleton,  and  21  N.  W.  of  New-London. — il. 

EASTHAM,  a townlhip  in  Barnftable  co.  Maffa- 
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chufetts,  about  loialles  long,  fituated  on  the  peninfula  Eaft 
of  Cape  Cod,  between  Chatham  and  Wellfleet,  and  95  Hampton 
or  100  miles  S.  E.  of  Bofton.  It  contains  1834  in- 
habitants. — ib, 

EAST  HAMPTON,  a townfhip  in  Hamplhire  co. 
Malfachufetts,  6 miles  S.  of  Northampton,  and  105  W. 
by  S.  of  Bofton.  It  contains  457  inhabitants,  and  i* 
divided  from  the  W.  bank  of  Connecticut  river  by  the 
celebrated  mountain  called  Mount  Tom. — ib. 

East  Hampton,  a handfome  town  in  Suffolk 
CO.  New-York,  on  the  S.  E.  coaft  of  Long-Ifland,  12 
miles  E.  N.  E.  of  South  Hampton,  and  105  E.  of 
New-York  city.  It  has  a Prelbyterian  church,  an 
academy,  and  about  80  dwelling-boufes  in  one  ftreet. 

The  townlhip  contains  1497  inhabitants,  of  whom  214 
are  electors.  Gardner’s  Ifland  is  annexed  to  this 
town.— 

EAST  HARTFORD,  in  Hartford  co.  Connecticut, 
lies  on  the  E.  bank  of  Connecticut  river  oppofite  to 
Hartford.  The  compact  part  of  it  lies  in  one  bro.id 
ftreet  a mile  and  a half  in  length.  Here  are  a number 
of  mills  on  the  different  ftreams  which  water  the  town  ; 
alfo  iron  and  glafs  works. — ib. 

EAST  HAVEN,  a townlhip  in  New-Haven  co. 
Connecticut,  on  the  E.  fide  of  New-Haven  harbour. 

There  is  a fort  2 miles  from  the  mouth  of  the  bay  op- 
pofite Smith’s  point  to  defend  the  paffage.  The  Scotch 
Captain  and  other  fmall  iflots  and  rocks  lie  on  the  S. 
ftiore. — ib. 

East  Haven,  a townfhip  in  ElTex  co.  Vermont, 

W,  of  Maidftone,  1 1 miles  S.  E.  of  the  fouthern  end  of 
of  Willoughby’s  lake,  and  18  N.  by  W.  of  the  upper 
bar  of  the  15  mile  falls  on  Connecticut  river. — ih. 

EAST  KINGSTON,  in  Rockingham  co.  New- 
Hamplhire,  a part  of  Kingfton.  In  1790  it  contain- 
ed 358  inhabitants;  and  now  906. — ib. 

EAST  MAIN,  is  that  part  of  New-Britain,  or  La- 
brador, in  North  America,  which  lies  on  the  E fide  of 
James’s  bay  ; as  part  of  New  South  Wales  on  the  W, 
fide  of  the  fame  bay  is  called  West-Main. 

The  Hudfon’s  bay  factory  called  Eaft  Main,  is  fitua- 
ted  on  the  S.  part  of  Eaft-Main,  between  Rupert  and 
Slade  rivers,  both  of  which  run  weftward  into  James’s 
bay. — ib. 

EASTON,  a poft  town  of  Pennfylvania,  and  capital 
of  Northampton  co.  ; pleafanily  fituated  at  the  mouth 
of  the  Lehigh  ; and  on  the  W.  fide  of  Delaware  river. 

It  is  regularly  laid  out,  and  contains  about  150  dwel- 
ling houfes,  a church,  court-houfe,  regifter’s  office,  and 
an  academy.  It  is  12  miles  N.  E.  of  Bethlehem, 
and  70  N.  of  Philadelphia. 

Easton,  the  chief  town  of  Talbot  co.  Maryland, 
formerly  called  Talbot  Court-Houfe,  is  on  the  E.  fide 
of  Chefapeak  bay,  near  the  forks  of  Treadhaven  river, 

12  miles  from  its  junction  with  Choptank  river.  It  has 
a handfome  court-houfe  and  market-houfe  ; about  150 
dwelling-houfes,  and  feveral  (lores  for  the  fupply  of  the 
adjacent  country.  It  is  5 miles  S.  wefterly  of  Wil- 
liamlburg,  37  S.  of  Cheftertown,  and  118  S.  W.  of 
Philadelphia — ib. 

Easton,  a tov^ndiip  in  Walliington  co.  New-York. 

In  1790  it  contained  2539  inhabitants,  of  whom  48 
were  liaves.  By  the  ftate  cenfus  of  1796,  it  appears, 
that  347  of  its  prefent  inhabitants  are  electors. — ib. 

Easton,  or  Eajlcwn,  a townlhip  important  for  Its 
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iron  manufacfiures,  (Ituated  in  Briilol  co.  Maffachufetts, 
near  the  head  of  Raynhani  river;  6 miles  N.  W.  of 
Raynham,  and  rz  W.  of  Bridgev/ater.  It  contains  1466 
inhabitants.  The  befi;  mill-faws  in  the  ftate  are  made 
here.  The  art  of  making  fteel  was  introduced  here  by 
Capt.  Eliphalet  Leonard,  in  1786.  It  is  made  in  quan- 
tities ; and  is  cheaper  than  imported  fteel,  and  equal 
in  quality  for  large  work,  fuch  as  plough  ftiares,  horfe- 
Ihoes,  8cc.  which  require  large  quantities  of  hard  fteel. 
But  for  edge  tools,  in  general,  it  is  found  to  be  of  in- 
ferior quality  to  what  is  imported.  The  manufadlure 
of  linfeed  oil  began  here  in  1792,  and  from  an  annual 
ftock  of  3000  bulhels  of  feed,  there  has  been  annually 
produced  near  5000  gallons  of  oil. — ib. 

Easton’s  Beach  and  Bay,  inthe  ftateof  Rhode- Ifland, 
is  feparated  from  Sachueaft  beach  and  bay  by  Earton’s 
point.  Botlj^  lie  at  die  fouthern  end  of  Rhode-Ifland. 
^ib. 

EAST  R'iver  in  the  ftate  of  New-York,  and  the  wa- 
ters of  North  or  Hudfon  river,  form  York  I.  The 
communication  between  North  river  and  Long-Ifland 
found  is  by  the  Eaft  river  along  the  eaftern  fide  of 
New-York  Ifland. — tb. 

East  or  North  Haven,  or  ^ninepauge  in  Con- 
necticut, rifes  in  Southington,  not  far  from  a bend  in 
Farmington  river  andpaffing  through  Wallingford  and 
North-Haven,  empties  into  New-Haven  harbour.  It  has 
been  contemplated  to  conned  the  fource  of  this  river 
with  Farmington  river. — ib. 

EAST-TOWN,  in  Chefter  co.  Pennfylvania. — ib. 

EAST-WHITELAND,  a townihip  in  Chefter  co. 
Pennfylvania. — ib. 

EAST-WINDSOR,  a townfliip  in  Hartford  co. 
Connedicut : feparated  from  Windfor  by  Connedicut 
river,  and  about  7 miles  N.‘  E.  ofHartford.  The  corn- 
pad  part  of  the  town  lies  on  one  broad  ftreet  of  about 
3 miles  in  length.  In  the  townlhip  are  3 Congrega- 
tional churches.  The  lands  are  fertile;  and  befides 
thofe  articles  common  to  the  ftate,  produce  large  quan- 
titiesof  good  tobacco. — ib. 

EATON,  afmall  town  in  the  northern  part  of  Straf- 
ford co,  New-Hampftiire  ; 3 miles  N.  of  the  Great- 

Offipee  lake,  and  about  56  N.  by  W.  of  Poitfmouth.  It 
was  incorporated  in  1766,  and  contains  253  inhabi- 
tants.— ib. 


EATONTOWN,  improperly  called  Edentown,  a 
pleafant  village  in  New-Jerfey,  about  a mile  S.  of  the 
town  of  Shrewfoury  in  the  fame  townlhip.  It  is  a place 
of  fome  bufinefs  and  thriving. — ib. 

EAU  DE  Luce,  a fragrant  alkaline  liquor  which 
was  fome  years  ago  in  great  repute,  efpecially  among 
tlie  fair  fex,  and  of  which  the  leading  perfedion  is,  that 
it  lhall  poflefs  and  retain  a milky  opacity. 

Mr  Nicholfon,  in  the  fecond  number  of  his  valuable 
journal,  tells  us,  that  being  informed  by  a philofophical 
friend,  that  the  ufual  recipes  for  making  this  compound 
(fee  Chemistry,  Encycl.  n°  1037.)  do  not  fucceed, 
and  that  the  ufe  of  maftic  in  It  has  hitherto  been  kept 
a fecret,  he  made  the  following  trials  to  procure  a good 
eau  de  luce. 

One  dram  of  the  redified  oil  of  amber  was  diflblved 
in  four  ounces  of  the  ftrongeft  ardent  fpirit  of  the 
ihops  ; its  fpecitic  gravity  being  .840  at  60  degrees  of 
Fahrenheit.  A portion  of  the  clear  fpirit  was  poured 
upon  a larger  quantity  of  flne  powdered  maftic  than  it 


was  judged  could  be  taken  up.  This  was  occafionally  Eau.de.. 
agitated  without  heat ; by  which  means  the  gum  refin  Luce  - 
was  for  the  moft  part  gradually  dilTolved.  One  part  of  H 
the  oily  folution  was  poured  into  a phial,  and  to  this 
was  added  one  part  of  the  folution  of  maftic.  No  opa- 
city or  other  change  appeared.  Four  parts  of  ftrong 
cauftic  volatile  alkali  were  then  poured  in,  and  imme- 
diately flraken.  The  fluid  was  of  a denfe  opake  white 
colour,  affording  a flight  ruddy  tinge  when  the  light 
was  feen  through  a thin  portion  of  it.  In  a fecond 
mixture,  four  parts  of  the  alkali  were  added  to  one  of 
the  folution  of  maftic  ; it  appeared  of  a lefs  denfe  and 
more  yellowllh  white  than  the  former  mixture.  More 
of  the  gum  refmous  folution  was  then  poured  in  ; but  it 
ftill  appeared  lefs  opake  than  that  mixture.  It  was 
ruddy  by  tranfmitted  light.  The  laft  experiment  was 
repeated  with  the  oily  folution  inftead  of  that  of  maftic. 

The  white  was  much  lefs  denfe  than  either  of  the  fore- 
going compounds,  and  the  requifite  opacity  was  not 
given  by  augmenting  the  dofe  of  the  oily  folution.  No 
ruddinefs  nor  other  remakable  appearance  was  feen  by 
tranfmitted  light.  Thefe  mixtures  were  left  at  repofe 
for  two  days ; no  feparation  appeared  in  either  of  the 
compounds  containing  maftic  ; the  compound  confift- 
ing  of  the  oily  folution  and  alkali  became  paler  by  the 
feparation  of  a cream  at  the  top. 

It  appears,  therefore,  that  the  firft:  of  thefe  three 
mixtures,  fubject  to  variation  of  the  quantity  of  its  in- 
gredients, and  the  odorant  additions  which  may  be 
made,  is  a good  eau  de  luce. 

In  a fubfequent  number  of  the  fame  Journal,  we  have 
the  following  recipe  by  one  of  the  author’s  correfpon- 
dents,  who  had  often  proved  its  value  by  experience. 

“ Digeft  ten  or  twelve  grains  of  the  whiteft  pieces  of 
maftic,  feledted  for  this  purpofe  and  powdered,  in  two 
ounces  of  alcohol ; and,  when  nearly  diffolved,  add 
twenty  grains  of  elemi  (fee  Amyris,  Encycl. ).  When 
both  the  refins  are  diffolved,  add  ten  or  fifteen  drops  of 
redified  oil  of  amber,  and  fifteen  or  twenty  of  elfence 
of  bergamot : ftiake  the  whole  well  together,  and  let  the 
faeces  fubfide.  The  folution  will  be  of  a pale  amber  co- 
lour. It  is  to  be  added  in  very  fmall  portions  to  the 
beft  aqua  ammonitae  purse,  until  it  affumes  a milky 
whitenefs  fhaking  the  phial  well  after  each  addition,  as 
direded  by  Macquer.  The  ftrength  and  caufticity  of 
the  ammoniac  are  of  moft  effential  confequence.  If, 
upon  the  addition  of  the  firft  drop  or  two  of  the  tindure, 
a denfe  opake  coagulated  precipitate  is  formed,  not 
much  unlike  that  which  appears  on  dropping  a folution 
of  filver  into  water  flightly  impregnated  with  common 
fait,  it  is  too  ftrong,  and  muft  be  diluted  with  alcohol. 

A confiderable  proportion  of  the  tindure,  perhaps  one 
to  four,  ought  to  be  requifite  to  give  the  liquor  the 
proper  degree  of  opacity.” 

EAVES-Board,  or  Eaves-Lath,  a thick  feather- 
edged  board,  ufually  nailed  round  the  eaves  of  a houfe- 
for  the  lowermoft  tiles,  flate,  or  ftiingles,  to  reft  upon. 

EBENEZER,  a poft  town,  and  the  capital  of  Ef- 
fingham co.  Georgia,  feated  on  the  S.  W.  bank  of  Sa- 
vannah river,  5 miles  from  Abercorn,  25  N.  N.  W. 
of  Savannah,  75  S.  E.  of  Louifville,  and  860  S.  W.  of 
Philadelphia.  It  contains  but  a few  houfes  ; and  was 
fettled  in  1735,  by  a number  of  Proteftants  driven  out 
of  Saltfburg,  in  the  eledora^e  of  Bavaria,  by  perfecu- 
tion. — Morse. 


ECLIP- 
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lEcUpfareon  ECLIPSAREON,  an  inftrument  invented  by  Mr 
H Fergufon  for  (hewing  the  phenomena  of  eclipfes ; as 
their  time,  quantity,  duration,  progrefs,  &c. 

ECLIPTIC.  See  Encyd.  both  under  Ecliptic 
and  in  Astronomy-Z/j^/^x.  It  was  obferved  in  As- 
tronomy, Encyd.  n®  407.  that  the  obliquity  cf  the 
ecliptic  has  been  found  gradually  to  decreafe.  This 
was  obferved,  among  others,  by  La  Landes  who,  in  the 
third  edition  of  his  ailronomy,  reckoned  the  feculardi- 
minution  of  this  obliquity  at  50  feconds.  From  a new 
examination,  however,  of  ancient  obfervations,  he  has 
fince  found  reafon.  to  eftimate  it  at  only  36  feconds  ; 
but  whether  this  be  perfectly  accurate,  is  very  doubtful. 
The  mean  obliquity  was  determined  for  the  id  of  Ja- 
nuary I793>  with  circular  inftruments,  by  Mechatn  at 
Barcelona,  and  at  Palermo,  to  be  23°  27' 53". 3. 

Yet  the  obfervation  of  the  fummer  folflice  of  1796,  by 
Mechain  and  Le  Francais,  gave  1 1 feconds  more  ; which 
was  juftly  confidered  as  a perplexing  circumftance. 
But,  as  one  of  the  ableft  of  our  literary  journalifts  ob- 
ferves,  might  not  this  difference  arife  from  the  uncer- 
tainty of  bur  tables  cf  refraction,  as  affefted  by  tlie  hy- 
grofcopic  variations  of  the  atmofphere  ? 

Ecun ic-Bounds,  or  Limits,  are  the  greated  didances 
from  the  nodes  at  which  the  fun  or  moon  can  be  eclip- 
fed,  namely,  near  18  degrees  for  the  fun,  and  12  de- 
grees for  the  moon. 

EDEN,  a townlhip  in  Hancock  co.  didridt  of  Maine, 
incorporated  in  1796,  taken  from  the  northerly  part  of 
Mount  Defert. — Morse. 

Eden,  a townlhip  in  Orleans  co.  Vermont,  N.  W. 
of  Craftfbury,  adjoining. — ib. 

EDENTON,  a didrict  on  the  fea-coad  of  North- 
Carollna,  bounded  N.  by  the  date  of  Virginia;  E.  by 
the  ocean  ; W.  by  Halifax  didridl,  and  S.  by  New- 
bern.  It  is  fuhdivided  into  9 counties,  viz.  Chowan, 
Pafquotank,  Perquimins,  Gates,  Hertford,  Bertie,  and 
Tyrrel.  It  contains  53,770  inhabitants,  of  whom 
19,198  are  Haves.  Its  chief  town  is  Edenton.  The 
wood  is  chiefly  pine,  oak,  cyprefs,  and  juniper  ; of 
all  which  there  is  abundance. — ib. 

Edenton,  the  capital  of  the  above  didrict,  is  a pod 
town,  and  port  of  entry,  at  the  head  of  a bay  on  the  N. 

1 fide  of  Albemarle  found,  and  at  the  N.  E.  fide  of  the 

opening  of  Chowan  river.  It  contains  above  150  in- 
different wooden  buildings,  and  a few  handfome 
ones.  The  public  buildings  are  an  ancient  brick 
Epifcopal  church,  a court  houfe  and  gaol.  In  or  near 
I the  town  lived  the  proprietary,  and  the  fird  of  the 

I royal  governors.  Its  fituation  is  advantageous  for  trade, 

but  unhealthy  ; which  doubtlefs  has  tended  to  retard 
its  profperity.  Its  exports  in  the  year  ending  Septem- 
ber 30,  1794,  amounted  to  the  value  of  50,646  dollars. 
It  is  97  miles  N.  of  Newbern,  257  N.  N.  E.  of  Wil- 
mington, 139  S.  E.  of  Peterfburgh,  and  440  S.  S.  W. 
of  Philadelphia.  N.  lat.  36.  6.  W.  long.  77.  11. — ib. 

EDESTON,  a plantation  in  Hancock  co.  didrid  of 
Maine,  containing  1 10  inhabitants. — ib. 

EDGAPH^ON,  a port  of  entry  and  pod  town  of 
Maff.ichufetts,  and  the  chief  town  of  Duke’s  co.  fitu- 
ated  on  the  E.  fide  of  the  ifland  of  Martha’s  Vineyard. 
The  fertile  ifland  of  Chabaquidick  is  within  the  jurif- 
di<5tion  of  Edgarton  ; which  has  a fmall  trade  to  the 
Wed-Indies.  The  exports  in  1794  for  one  year  ending 
Sept.  30th,  amounted  to  2,257  dollars  value.  It  lies 


about  14  miles  S.  of  Barndable  co.  on  the  main,  and  Edgcomb. 
94  miles  S.  S.  E.  of  Bodon.  It  was  incorporated  in  |l 
1671,  and  contains  1352  inhabitants. — ib. 

EDGCOMB,  a townfliip  in  Lincoln  co.  didri(d  of 
Maine,  containing  855  inhabitants.  It  was  incorpo- 
rated in  1774,  and  lies  180  miles  N.  by  E.  of  Bodon. 

— .ib. 

Edgcomb,  a county  of  Halifa.x  didrl(ft,  N.  Carolina, 
bounded  S.  by  Pitt  co.  S.  W.  by  VZayne  co.  and  Tar 
river,  which  affords  it  communication  with  feveral 
counties  in  the  date  ; W.  by  Nafir  co.  and  E.  by  Mar- 
tin and  Halifax  counties.  It  contains  10,255  inhabi- 
tants, of  whom  2,009  are  flaves. — ib. 

EDGEFIELD  Co.  in  S.  Carolina,  is  the  fouthern- 
mod  in  the  didrIft  of  Ninety  Six;  bounded  N.  by  Sa- 
luda river  which  divides  it  from  Newbury  co.  ; S.  W. 
by  Savannah  river,  which  feparates  it  from  the  date  of 
Georgia ; E.  by  Orangeburg  didriid,  and  W.  by 
Abbeville  co.  The  ridge  of  elevated  land,  which  di- 
vides the  waters  of  Saluda  from  thofe  of  Savannah  river 
paffes  nearly  through  the  middle  of  the  county.  Edge- 
field  co.  is  about  34  miles  long  and  24  broad,  and 
contains  13,289  inhabitants,  of  whom  3619  are  ilaves. 

— ib. 

Edgefield  Court-House,  in  the  above  county, 
where  is  a pud-office,  is  20  miles  from  Abbeville  court- 
houfe  ; 25  from  Auguda,  and  60  from  Columbia. — ih. 

EDGEMONT,  a townfliip  in  Delaware  co.  Penn- 
fylvania. — ib. 

EDWARD,  a fort  in  Nova  Scotia,  in  the  town  of 
Windfor,  in  Hants  co.  faid  to  be  large  enough  to  con- 
tain 200  men.  It  is  fltuated  on  Avon  river  wdiich  is 
navigable  thus  far  for  veffels  of  400  tons  ; thofe  of  60 
tons  can  go  2 miles  higher. — ib. 

Edward,  a fortification  in  Wafhington  co.  New- 
York,  now  in  ruins.  It  is  fltuated  on  the  E.  bank 
of  Hudfon  river  about  14  miles  S.  by  E.  of  Fort 
George,  on  the  fouthern  extremity  of  Lake  George, 
and  19  S.  by  W.  of  Skenefborough,  on  South  bay,  an 
arm  of  lake  Champlain,  N.  lat.  43.  7.  W.  long.  74. 

— ib. 

EDYSTONE  Rocks,  fo  remarkable  for  the  light- 
houfe  built  on  them,  obtained  their  name  from  the 
great  variety  of  contrary  fcts  of  the  tide  or  current  in 
their  vicinity.  They  are  fltuated  nearly  S.  S.  W.  from 
the  middle  of  Plymouth  Sound,  according  to  the  true 
meridian.  The  di dance  from  the  port  of  Plymouth  is  Smecuns 
nearly  14  miles,  and  from  the  promontory  called  Rem- 
head  about  10  miles.  They  are  almod  in  the  line,  but 
fomewhat  w’iihin  it,  wffiich  joins  the  Start  and  the  Li-  ‘S-' 
zard  points  ; and  as  they  lie  nearly  in  the  diredlion  of 
veffels  coading  up  and  down  the  channel,  they  were 
neceffarily,  before  the  edablifhment  of  a light  houfe, 
very  dangerous,  and  often  fatal  to  (hips  under  fuch 
circumdances.  Their  fituation,  likewife,  with  regard 
to  the  Bay  of  BIfeay  and  Atlantic  ocean,  is  fuch,  that 
they  lie  open  to  the  fwells  of  the  Bay  and  ocean  from 
all  the  fouth-wedern  points  of  the  compafs  : which 
fwells  are  generally  allowed  by  mariners  to  be  very 
great  and  heavy  in  thofe  feas,  and  particularly  in  the 
Bay  of  Bifcay.  It  is  to  be  obferved,  that  the  found- 
ings of  the  fea  from  the  fouth  wedvvarJ  toward  the 
Eaydcne  are  from  80  fathoms  to  40,  and  everywhere 
till  you  come  near  the  Edydone  the  fea  is  full  30  fa- 
thorns  in  depth  j fo  that  all  the  heavy  feas  from  the 

fouth- v/ed 
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E<Jyfto«e.  of  the  truih  of  it;  Mr  Winftanley  being  among  his 
friends  previous  to  his  going  off  v.'ith  his  workmen  on 
account  of  ihofe  reparations,  the  danger  being  intimat- 
ed to  him,  and  that  one  day  or  other  the  light-houfe 
would  certainly  be  overfet ; he  replied,  “ He  was  fo 
very  well  aflured  of  the  ftrength  of  his  building,  he 
fliould  only  wilh  to  be  there  in  the  greatell  ftorm  that 
ever  blew  under  the  face  of  the  heavens,  that  he  might 
fee  what  effedl  it  would  have  on  the  ftrudure.” — It 
happened  that  Mr  Winftanley  was  but  too  amply  gra- 
tified in  this  wifli  ; for  while  he  was  there  with  his 
workmen  and  light-keepers,  that  dreadful  ftorm  began, 
which  raged  moft  violently  on  the  26th  of  November 
1703,  in  the  night ; and  of  all  the  accounts  of  the  kind 
W'hich  hiftory  furnilhes  us  with,  we  have  none  that  has 
exceeded  this  in  Great  Britain,  or  was  more  injurious 
or  extenfive  in  its  devaftation.  The  next  morning,  No- 
vember 27th,  when  the  violence  of  the  ftoim  was  fo 
much  abated  that  it  could  be  feen  whether  the  light- 
houfe  had  fuffered  by  it,  nothing  appeared  ftanding, 
but,  upon  a nearer  infpeflion,  fome  of  the  large  irons 
by  which  the  work  was  fixed  upon  the  rock  ; nor  were 
any  of  the  people,  or  any  of  the  materials  of  the  build- 
ing, ever  found  afterwards,  fave  only  part  of  an  iron 
chain,  which  had  got  fo  faft  j'ambed  into  a chink  of 
the  rock,  that  it  could  never  afterwards  be  difengaged 
till  it  was  cut  out  in  the  year  1756.” 

Thus  periflied  Mr  Winftanley,  together  with  his 
building  : but  fo  great  was  the  utility  of  that  building 
while  it  ftood,  that  the  public  could  not  fail  to  be  de- 
firous  of  having  another  in  its  place.  Accordingly,  in 
1706,  an  a(ft  of  parliament  of  the  4th  of  Queen  Anne 
'Was  palfed,  for  the  better  enabling  the  mafter,  &c.  of 
the  Trinity-houfe  of  Deptford  ftrond  to  rebuild  the 
fame.  By  this  aft,  the  duties  payable  by  fhipping  pair- 
ing the  light-houfe  were  vefted  in  the  corporation  of 
the  Trinity-houfe,  who  were  empowered  to  grant  a 
leafe  to  fuch  undertaker  or  undertakers  as  they  Ihould 
approve.  In  confequence,  they  agreed  with  a Captain 
Lovel  or  Lovet  for  a term  of  99  years,  commencing 
from  the  day  on  which  a light  fliould  be  exhibited,  and 
continuing  fo  long  as  that  exhibition  fhouldlaft  during 
the  faid  term.  On  this  foundation  Captain  Lovet  en- 
gaged Mr  John  Rudyerd  to  be  his  engineer  or  archi- 
teft  and  furveyor. 

It  does  not  appear  that  Mr  Rudyerd  was  bred  to 
any  mechanical  bufinefsor  fcientific  profeflion,  being  at 
that  time  a filk  mercer  on  Ludgate-hill  ; nor  is  it  known 
that,  in  any  other  inftance,  he  had  diftinguilhed  himfelf 
by  any  mechanical  performance  before  or  alter.  His 
want  of  peifonal  experience,  however,  was  in  a degree 
affifted  by  Mr  Smith  and  Mr  Norcutt,  both  fhipwrights 
in  the  king’s  yard  at  Woolwich. 

It  is  not,  as  Mr  Smeaton  obferves,  very  material  lb 
what  way  this  gentleman  became  qualified  for  the  exe- 
cution of  his  work  ; it  is  fufficient  that  he  direfted  the 
performance  in  a mafterly  manner,  and  fo  as  perfeftly 
to  anfwer  the  end  for  which  it  was  intended.  He  faw 
the  errors  in  the  former  building,  and  avoided  them  ; 
inftead  of  a polygon  he  chofe  a circle  for  the  outline  of 
his  building,  and  carried  up  the  elevation  in  that  form. 
His  principal  aim  appears  to  have  been  ufe  and 
city  ; and  indeed,  in  a building  fo  fituated,  the  former 
could  hardly  be  acquired  in  its  full  extent  without  the 
latter.  He  feems  to  have  adopted  ideas  the- very  re- 


verfe  of  his  predecelfor  ; for  all  the  u^iwieldy  ,crna-  Edyftone. 
ments  at  top,  the  open  gallery,  the  projefting  cranes, 
and  other  contrivances,  more  for  ornamest  and 
pleafure  than  ufe,  Mr  Rudyerd  laid  totally  afide. 

He  faw,  that  how  beautiful  foever  ornaments  might 
be  in  themfelves,  yet  when  they  are  improperly  ap- 
plied and  out  of  place,  by  affefting  to  ftiew  a tafte, 
they  betray  ignorance  of  its  firft  principle,  juf^gment  ; 
for  whatever  deviates  from  propriety  is  erroneous, 
and  at  beft  infipid. 

It  is  impofiible  for  us  to  give  an  accurate  account  of 
the  conftruftion  of  Mr  Rudyerd’s  light-houfe.  We 
can  only  fay,  in  general  terms,  that  it  was  altogether 
built  of  wood ; for  the  courfes  of  moorftone,  which  Mr 
Rudyerd,  adverting  to  the  maxim,  that  ^jeight  is  beft 
refifted  by  weight,  introduced  into  the  folid  part  of  his 
building,  muft  be  confidered  as  being  of  the  nature  of 
ballaft ; the  weight  of  thefe  amounted  to  above  270 
tons.  The  main  column  of  the  building  confifted  of 
one  fimple  figure,  being  an  elegant  fruflum  of  a cone, 
unbroken  by  any  projefting  ornament,  or  any  thing  on 
which  tha  violence  of  the  ftorms  could  lay  held  ; mea- 
furing,  exclufively  of  its  flopirg  foundation,  22  feet  and 
eight  inches  on  its  largeft  ciicular  bafe  ; 61  feet  high 
above  that  circular  bafe  j and  14  feet  and  three  inches 
in  diameter  at  the  top  ; fo  that  the  circular  bafe  v/as 
fomewhat  greater  than  one-third  of  the  total  height, 
and  the  diameter  at  the  top  was  lefs  than  two-thirds  of 
the  bafe  at  the  greateft  circle.  On  the  flat  roof  of  this 
main  column,  as  a platform,  Mr  Rudyerd  fixed  his  lan- 
tern, which  was  an  oftagon  of  ten  feet  and  fix  inches 
diameter  externally.  "^ITe  mean  heiglit  of  the  window- 
frames  of  the  lantern  above  the  balcony  floor  was  near- 
ly nine  feet ; fo  that  the  elevation  of  the  centre  of  the 
light  above  the  higheft  fide  of  the  bafe  was  70  feet  ; 
that  is,  lower  than  the  centre  of  Mr  Winftanley’s  fe- 
cond  lantern  by  feven  feet,  but  higher  than  that  of  his 
firft  by  24  feet.  The  width  of  Mr  Rudyerd’s  lanterr/ 
was,  however,  nearly  the  fame  as  that  of  Mr  Winftanley’s 
fecond  : but  inftead  of  the  towering  ornaments  of  iron- 
work, and  a vane  that  rofe  above  the  top  of  the  cupo- 
la no  lefs  than  2 i feet,  Mr  Rudyerd  judicioufly  con- 
tented himfelf  with  finilhing  his  building  with  a round 
ball  of  two  feet  and  three  inches  diameter,  which  termi- 
nated at  three  feet  above  the  top  of  his  cupola.  The 
whole  height  of  Mr  Rudyerd’s  light-houfe,  from  the 
lowed  fide  to  the  top  of  the  ball,  was  92  feet,  on  a bale 
of  23  feet  and  four  inches,  taken  at  a medium  between 
the  higheft  and  lowed  part  of  the  rock  that  it  covered. 

The  whole  building  was  completed  in  the  year  1709, 
three  years  from  its  commencement. 

This  great  work,  after  having  braved  the  dements 
for  forty-fix  years,  was  burnt  to  the  ground  in  1755- 
On  the  2d  of  December  cf  that  year,  when  the  liglat- 
keeper,  then  on  the  watch,  went,  about  two  o’clock  in 
the  morning,  into  the  lantern,  to  fnuff  the  candles  ac- 
cording to  cuftom,  he  found  it  in  a fmoke  ; and  in  fpire 
of  all  that  he  and  his  companions  could  do,  the  whole 
edifice  was  on  fire  in  the  compafs  of  little  more  than 
eight  hours,  and  in  a few  days  was  burnt  to  its  founda- 
tion. The  three  light-men  were  with  much  difiicultv 
got  on  ftiore,  when  one  of  them  immediately  ran  off,^ 
and  has  never  fince  been  heard  of.  Another,  who  liad 
been  dreadfully  burned  by  melted  lead,  of  which,  ac- 
cording to  his  own  account,  he  had  l^ullowed  a quau- 
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Edyftone.  tity,  lingered  in  agony  for  twelve  days,  and  thenexpir- 
ed.  His  domach  being  opened,  there  was  found  in  it 
II  folid  piece  of  lead  of  a flat  oval  form,  which  weighed 
fevcn  ounces  and  five  drachms  i and  thus  was  verifled 
an  alTertion  which,  to  the  furgeon  and  others  who  at- 
tended  him,  appeared  altogether  incredible,  viz.  that 
any  human  being  could  live  after  receiving  melted  lead 
into  the  ftomach. 

On  the  deftruction  of  Mr  Rudyerd’s  light-houfe,  Mf 
Smealon  (fee  Smeaton  in  this  Supplement)  was  re- 
commended by  Lord  Macclesfield,  then  prefident  of  the 
Royal  Society,  as  the  fitted  perfon  in  England  to  build 
another.  It  was  with  fome  difficulty  that  he  was  able 
to  perfuade  the  proprietors  that  a ftone  building,  pro- 
perly conflruifled,  would  in  all  refpeds  be  preferable  to 
one  of  wood;  bat  having  at  laft  convinced  them,  he  turn- 
ed his  ihoughts  to  the  lhape  which  was  moftfuitable  to 
a building  fo  critically  fituated.  Reflecting  on  the  ftruc- 
tare  of  the  former  buildings,  it  feemed  a mateiial  im- 
provement to  procure,  if  poffible,  an  enlargement  of  the 
bafe,  without  increafing  the  fize  of  the  <wai/I,  or  that 
part  of  the  building  w hich  is  between  the  top  of  the 
rock  and  the  top  of  the  folid  work.  Hence  he  thought 
a greater  degree  of  ftrength  and  ftiffnefs  would  be  gain- 
ed, accompanied  with  lefs  refiftance  to  the  adting 
power.  On  this  occafion,  the  natural  figure  of  the 
w’aifl;  or  bole  of  a large  fpreading  oak  occurred  to  Mr 
Smeaton. 

“ Let  us  (fliys  he)  confider  its  particular  figure. — 
Conneded  with  its  roots,  wdiich  lie  hid  below  ground, 
it  rifes  from  the  furface  with  a large  fwelling  bafe, 
which  at  the  height  of  one  diameter  is  generally  redu- 
ced by  an  elegant  curve,  concave  to  the  eye,  to  a dia- 
meter lefs  by  at  leaft  one  third,  and  fometimes  to  half 
its  original  bafe.  From  thence,  its  taper  diminiffiing 
more  flowdy,  its  Tides  by  degrees  come  into  a perpendi- 
cular, and  for  fome  height  form  a cylinder.  After 
that,  a preparation  of  m )re  circumference  becomes  ne- 
celfary,  for  the  flrong  infertion  and  eflablifliment  of  the 
principal  boughs,  which  produces  a fwelling  of  its  dia- 
meter.— Now  w'e  can  hardly  doubt  but  that  every  fec- 
tioii  of  the  tree  is  nearly  of  an  ec^ual  firength  in  pro- 
portion to  what  it  has  to  refift  ; and  were  we  to  lop  off 
its  principal  boughs,  and  expofe  it  in  that  ftate  to  a ra- 
pid current  of  water,  w'e  fhould  find  it  as  capable  of 
refifling  the  adion  of  the  heavier  fluid,  when  divefied 
of  the  greater  part  of  its  clothing,  as  it  was  tliat  of 
the  lighter,  when  all  its  fpreading  ornaments  were  ex. 
pofed  to  the  fury  of  the  wind  ; and  hence  we  may  de- 
rive an  idea  of  what  the  proper  lhape  of  a column  of 
the  greatefl;  liability  ought  to  be,  to  refill  the  adion  of 
external  violence,  when  the  quantity  of  matter  is  given 
of  which  it  is  to  be  compofed.” 

The  next  thing  to  be  conlidered  was,  how  the  blocks 
of  flone  could  be  bonded  to  the  rock,  and  to  one  ano- 
ther, in  fo  firm  a manner  as  that  not  only  the  whole 
together,  but  every  individual  piece,  when  conneded 
with  what  preceded,  fliould  be  proof  againff  the  greatefl: 
violence  of  the  fea.  For  this  purpofe,  cramping  wi^as 
the  firft  idea,  but  was  rejedcd  on  account  of  the  great 
quantity  of  iron  w'hich  was  neceffary,  and  from  the 
trouble  and  lofs  of  time  w'hich  would  attend  that  ope- 
ration. In  its  place  was  I'ubflituted  the  method  of 
dovetailing.  From  fome  fpecimens  which  Mr  Smeaton 
had  feen  in  Belidor’s  defcription  of  the  ftone  floor  of 


the  great  fiuice  at  Cherburgh,  (where  the  tails  of  the  Edyftonc, 
upright  headers  are  cut  into  dovetails  for  their  infertion 
Into  the  mafs  of  rough  mafonry  below,)  he  was  led  to 
think,  that  if  the  blocks  themfelves  were,  both  infide 
and  outfide,  formed  Into  large  dovetails,  they  might  be 
managed  fo  as  to  lock  one  another  together,  being  pri- 
marily  engrafted  into  the  rock  ; and  in  the  round  or 
entire  courfes  above  the  top  of  the  rock,  they  might  all 
proceed  from,  and  be  locked  to,  one  large  centre  ftone. 

Thefe  particulars  being  digefted  in  his  own  mind,  he 
explained  his  defign  by  the  help  of  drawings:  with 
which,  after  mature  deliberation,  the  proprietors  were 
perfedly  fatisfied ; and  declared,  that  the  fcheme  was 
not  only  in  itftlf  practical  le,  but,  as  appeared  to  them, 
the  only  means  of  doing  the  bufinefs  effeftually. 

During  this  time  Mr  Smeaton  had  never  vifited  the 
rock  on  which  he  was  to  be  employed  : he  therefore  re- 
folved  to  go  to  Plymouth  early  in  the  fpring  of  1756, 
that  he  might  hffe  no  opportunity  of  viewing  it.  At 
Plymouth  he  met  Mr  Jofias  Jeffop,  to  whom  he  was 
referred  for  information  and  affiftance,  and  who  after- 
wards proved  of  great  fervice  : he  was  not  only  an  ap- 
proved workman  in  his  branch  as  a fhipwright,  but  a 
competent  draughtfman  and  an  excellent  modeller ; ‘ in 
which  laft  (fays  the  author)  he  was  accurate  to  a great 
degree  : he  therefore  appeared  to  be  a very  fit  perfon 
to  overlook  the  exaeft  execution  of  a defign  given.* 

Mr  Jeffop,  like  others,  expr^fled  his  doubts  that  a ftone 
building  could  ftand  on  the  Edyftone : but  they  were 
removed  by  the  propofed  mode  of  its  conftruftion. — 

As  Mr  Smeaton  was  impatient  to  go  to  the  rock,  he 
feized  the  firft  opportunity  that  feemed  to  promife  any 
chance  of  landing  on  it.  On  the  2d  of  April  he  got 
within  a ftone’s  throw  of  it,  but  could  not  land : on 
the  5th  he  was  more  fortunate  ; he  now  landed,  and 
ftaid  on  the  rock  for  two  hours  and  a half.  This  time 
was  employed  in  taking  a general  view  of  the  whole. 

No  remains  of  the  houfe  could  be  perceived  either  on 
the  rock,  or  about  it,  except  ;;he  greatefl  part  of  the 
iron  branches  that  had  been  fixed  by  Mr  Rudyerd  ; 
and  fome  of  the  moorftones  were  difeerned  lying  in  the 
bottom  of  the  gut.  Such  traces  were  alfo  obferved 
of  the  fituation  of  the  irons  fixed  by  Mr  Winftanley, 
as  to  render  it  no  very  difficult  talk  to  make  cut  his 
plan,  and  the  pofition  of  the  edifice ; whence  it  ap- 
peared very  prQbable,  that  Mr  Winftanley’s  building 
was  overfet  altogether,  and  that  it  had  torn  up  a por- 
tion of  the  rock  itielf,  as  far  as  the  irons  had  been  faft- 
ened  in  it.  Witli  regard  to  the  fteps,  which  were  faid 
to  have  been  cut  in  the  rock  by  Mr  Rudyerd,  the  tra- 
ces of  only  five  were  remaining  ; thefe  were  faintly  cut, 
and  without  much  regularity.  It  was  next  tried  in 
what  degree  the  rock  was  workable  ; and  Mr  Smeaton 
had  the  fatisfaftion  of  finding  every  thing  fucceed  to 
his  wiflies. 

Having  thus  determined  that  there  was  no  impracH- 
cability  in  fixing  a ftone  building,  it  became  of  the 
greatefl  Importance  to  fecure  a more  fafe  and  certain 
landing  on  the  rock ; as  it  would  frequently  happen, 
while  the  veffels  were  lying  off  the  rock,  waiting  for  a 
favourable  time  to  enter  the  gut,  that  tides  might 
change,  ground  fwells  come  on,  winds  Ihift,  and  ftorms 
arife,  which  would  of  courfe  make  it  defirable  to  re- 
turn to  Plymouth,  if  poffible,  though  the  purpofe 
of  the  voyage  was  unperformed.  In  addition  to  this, 

when 
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The  winter  therefore  of  1756,  and  the  following 
fpring,  were  employed  in  preparing  materials  for  the 
outwork  : the  mafonry  particularly  required  great  at- 
tention. It  was  a defirable  ebjedt  to  ufe  large  and 
heavy  pieces  of  ftone  in  the  building  ; yet  their  fize 
muft  neceffarily  be  limited  by  the  pradticability  of  land- 
ing them  with  fafety.  Now  fmall  veflels  only  could 
deliver  their  cargoes  alongfide  of  this  hazardous  rock  ; 
and  thefe  could  not  deliver  very  targe  ftones,  becaufe 
the  fudden  rifing  and  falling  of  the  velTels  in  the  gut 
amounted  frequently  to  the  difference  of  three  or  four 
feet,  even  in  moderate  weather  ; fo  that  in  cafe  after  a 
ftone  was  raifed  from  the  floor  of  the  veflel,  her  gun- 
wale fnould  take  a fwing,  fo  as  to  hitch  under  the 
ftone,  one  of  a very  large  magnitude  muft,  on  the  vef- 
fel’s  rifing,  infallibly  fink  her.  From  this  confideration, 
it  was  determined  that  fuch  ftones  fhould  be  ufed  as 
did  not  much  exceed  a ton  weight;  though  occaficn- 
ally  particular  pieces  might  amount  to  two  tons.  That 
they  might  attain  a certainty  in  putting  the  work  to- 
gether on  the  rock,  the  ftones  of  each  courfe  were  tried 
together  in  their  real  Gtuation  with  refpedl  to  each 
other  ; and  they  were  fo  exadlly  marked,  that  every 
ftone,  after  the  courfe  was  taken  afunder,  could  be  re- 
placed in  the  identical  pofition  in  which  it  lay  on  the 
platform,  within  the  fortieth  part  of  an  inch  : — nor  was 
this  judged  fufficient ; for  every  courfe  was  not  only 
tried  fingly  together  on  the  platform  and  marked,  but 
the  courfe  above  it  was  put  on  it,  and  marked  in  the 
fame  way  ; fo  that  every  two  contiguous  courfes  might 
fit  each  other  on  the  outfide,  and  prevent  an  irregulari- 
ty in  the  outline.  This  degree  of  accuracy  might  feem 
fuperfluous  : but  as  the  nature  of  the  building  required 
the  workmen  to  be  in  a condition  to  refift  a ftorm  at 
every  ftep,  it  became  neceflary  to  fix  the  centre  ftone 
firft,  as  being  leaft  expofed  to  the  ftroke  of  the  fea  ; 
and  in  order  to  have  fure  means  of  attaching  all  the 
reft  to  this,  and  to  one  another,  it  was  indifpenfable 
that  the  whole  of  the  two  courfes  fhould  be  tried  to- 
gether ; in  order  that,  if  any  defed  appeared  at  the 
outfide,  by  an  accumulation  of  errors  from  the  centre, 
it  might  beredlified  on  the  platform. 

Another  circumftance,  to  which  Mr  Smeaton  was 
particularly  attentive,  and  concerning  which  his  remarks 
are  very  valuable,  was  to  afeertain  the  moft  proper  com- 
pofition  for  water  cements.  In  making  mortar  for 
buildings  expofed  to  water,  tarrat  had  been  moft 
efteemed  : but  ftxll  there  were  objeiftions  to  its  ufe.  Mr 
Smeaton  was  therefore  induced  to  try  the  terra  puz- 
vtolana,  found  in  Italy,  as  a fubftitute  for  tarras.  For- 
tunately there  was  a quantity  of  it  in  the  hands  of  a 
merchant  at  Plymouth,  which  had  been  imported  as  a 
venture  from  Civita  Vecchia  when  Weftminfter-bridge 
was  building  ; and  which  he  expedled  to  have  fold  for 
that  work  to  a good  advantage,  but  failed  in  his  fpe- 
culation  ; for  having  found  that  tarras  anfwered  their 
purpofe,  neither  commiflTioners,  engineers,  nor  contrac- 
tors, would  trouble  themfelves  to  make  a trial  of  the 
other  material.  This  was  found  in  every  refpefl  equal 
to  tarras,  as  far  as  concerned  the  hardening  of  water- 
mortar,  if  not  preferable  to  it  ; and  if  made  into  a mor- 
tar with  lime  produced  froiii  a ftone  found  at  Aber- 
thaw,  on  the  coaft  of  Glamorgan fhire,  it  exceeded,  in 
hardnefs,  any  of  the  compofitions  commonly  ufed  in  dry 
work;  and  in  wet  and  dry,  or  wholly  wet,  was  far  fu- 


perior  to  any  which  Mr  Smeaton  had  feen,  infomuch, 
that  he  did  not  doubt  its  making  a cement  that  would 
equal  the  beft  merchantable  Portland  ftone  in  folidity 
and  durability. 

Thefe  preliminary  arrantrements  being  fettled,  they 
proceeded,  on  the  3d  of  June  1757,  to  carry  out  the 
Neptune  bufs,  and  to  begin  the  work.  After  getting 
up  the  moorings  ( a work  of  no  fmall  difficulty  and  fome 
danger),  and  after  fixing  the  fender  piles,  the  (hears, 
windlafs,  &c.  the  firft  ftone  was  landed,  got  to  its  place, 
and  fixed,  on  Sunday  the  12th  of  June;  and  on  the 
next  day  the  firft  courfe  was  completed.  On  the  14th, 
the  fecond  courfe  was  begun  ; but,  in  confequence  of  a 
frefh  gale,  the  workmen  were  obliged  to  quit  the  rock, 
after  fecuring  every  thing  as  well  as  po(Tible.  Such  was' 
tlve  violence  of  the  gale,  that  it  was  impracticable  for 
the  boats  to  get  out  of  the  gut,  othervvife  than  by  paf- 
fing  the  Sugar  loaf  rock,  in  which  they  providentially 
fucceeded.  On  the  iSth,  they  were  again  as  fuddenly 
driven  from  their  work,  and  feveral  pieces  of  ftone  were 
waftied  away  by  the  violence  of  the  fea.  In  the  night 
of  the  6th  of  July,  the  watch  on  the  deck  of  the  bufs 
efpied  a fail  on  the  rocks,  and  one  of  the  yawls  was 
fent  to  her  relie''',  which  brought  back  the  whole  crew, 
feveral  of  whom  were  in  their  fliirts,  and  in  great  diftrefs. 
It  was  a fnow  of  about  130  tons  burthen,  which  was 
returning  in  ballaft  from  Dartmouth  ; but  not  knowing 
exa(ftly  where  they  were,  they  had  miftaken  the  rocks 
for  fo  many  fififing  boats,  till  it  was  too  late  to  clear 
them  ; and  on  the  velTePs  ftriking,  fhe  filled  fo  quickly, 
that  the  boat  floated  on  deck  before  they  could  get 
into  it. 

During  this  time,  the  building  went  on,  though  Its 
progrefs  was  retarded  by  various  interruptions  and  ac- 
cidents ; till,  at  the  latter  end  of  Auguft,  when  the 
feventh  courfe  was  nearly  finifhed,  a violent  ftorm  arofe, 
which  carried  away  the  {hears  and  triangles,  together 
with  two  of  the  largeft  ftones  which  had  been  left  chain- 
ed on  the  rock  ! yet  notwithftanding  thefe  and  various 
other  difficulties,  the  ninth  courfe  was  completed  by  the 
end  of  September. 

“ Being  now  arrived  at  the  eve  of  0(ftober  (fays  Mr 
Smeaton),  I maturely  confidered  our  fituation  ; and 
finding  that  we  had  been  18  days  in  completing  the 
laft  courfe,  whereas  the  former  one  was  begun  and  fi- 
nifhed in  five,  though  the  weather,  both  on  fhore  and 
above  head,  had  remained  to  all  appearance  much  the 
fame  ; I from  thence  concluded  it  to  be  very  probable, 
we  might  not  get  another  courfe  completed  in  the  com- 
pafs  of  the  month  of  Oiftober  : So  that  when  I refledl- 
cd  on  the  many  difaftersthat  we  had  fuffered  laft  year 
by  continuing  out  to  the  month  of  November,  and  how 
little  work  we  in  reality  did  after  this  time,  it  appear- 
ed to  me  very  problematical  whether  we  might  be  able, 
with  every  poffible  exertion,  to  get  another  courl'e  fi- 
nifhed this  feafoii ; and  confidering  how  very  ineligible 
it  was  to  have  a courfe  lie  open  during  the  winter  in 
this  ftage  of  the  work,  and  that  we  had  now  got  three 
complete  courfes  eftablifhed  above  the  top  of  the  rock, 
the  fum  of  whofe  height  was  four  feet  fix  inches  ; and 
that  we  could  not  leave  the  work  in  a more  defen- 
fible  ftate,  whether  as  relative  to  the  natural  violence 
of  the  fea,  or  the  poffibility  of  external  injuries— from 
thefe  confie'erations,  it  appeared  to  me  highly  proper  to 
put  a period  to  the  outwork  of  the  prefent  feafon.” 
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F.dyflone.  At  the  commencement  of  the  following  year,  1758, 
the  weather  proved  very  tempeftuous  till  March  : and 
on  vifiting  the  rock,  they  difcovered  that  tlie  great  buoy 
on  the  moorings  had  been  carried  away;  nor  were  the 
mooring  chains,  though  fought  with  the  greatefl;  perfe- 
verance,  recovered  till  the  middle  of  May.  In  confe- 
quence  of  this  delay,  and  from  other  accidents,  the 
tenth  courfe  of  the  building  was  not  completed  till  the 
5th  of  July.  From  this  time  the  progrefs  was  without 
any  very  material  interruption;  ib  that  on  the  26th 
of  September  the  25th  courf°,  being  the  firft  of  the  fu- 
perdrudure,  was  finiflied.  The  work  was  now  fo  far 
advanced,  that  Mr  Sraeaton  made  a propofal  to  the 
Trinity  Board  and  to  the  proprietors  of  exhibiting  a 
light  during  the  enfuing  winter;  and  for  this  purpofe 
he  continued  his  operations  longer  than  he  otherwife 
would  have  done,  in  order  to  complete  the  firft  room, 
and  make  it  habitable  ; but  foul  weather  coming  on, 
he  was  obliged  to  quit  the  rock,  and  returned  to  Ply- 
mouth. A ftorm  enfued  ; and,  on  the  next  morning, 
looking  out  with  his  telefcope,  he  could  difcern  the 
houfe  with  the  fea  breaking  over  it,  but  nothing  of  the 
bufs.  On  the  following  day,  the  air  being  more  clear, 
he  had  a diftindl  view  of  the  building  ; but  the  bufs 
was  really  gone.  This  was  a day  of  double  regret,  as 
it  likewife  brought  a negative  on  his  propofal  for  exhi- 
biting a light  from  the  houfe  during  the  winter.  The 
bufs  had  run  into  Dartmouth  harbour  ; fhe  was  brought 
home  ; and  the  work  on  the  rock  being  fecured  againft; 
the  winter,  the  operations  of  the  third  feafon  were 
clofed. 

During  the  early  part  of  1759,  Mr  Smeaton  was 
employed  in  London  in  forming  and  making  out  the 
neceflary  defigns  for  the  iron  rails  of  the  balcony,  the 
cafl;  iron,  the  wrought  iron,  and  the  copper  works  for 
the  lantern,  together  with  the  plate  glafs  work.  It  was 
not  till  the  22d  of  June  tlrat  he  arrived  at  Plymouth. 
As  the  moorings  had  been  again  loft:,  new  chains 
were  provided,  and  the  bufs  was  once  more  fixed  in 
her  fituation.  On  the  5th  of  July  he  landed  on  the 
rock,  and  found  every  thing  perfedly  found  and  firm, 
without  the  leaft  perceptible  alteration,  excepting  that 
the  cement,  ufed  in  the  firft  year,  now  in  appearance 
approached  the  hardnefs  of  the  moor-ftone ; and  that 
ufed  iq  the  laft  year  bad  the  full  hardnefs  of  Portland  ; 
but  on  hauling  up  the  ftones  for  the  next  circle  from 
the  ftore-room,  wLere  they  had  been  depofited,  he  had 
the  mortification  to  find  only  feven  inftead  of  eight. 
It  was  imagined  that  a body  of  falling  water,  making 
its  way  through  the  open  ribs  of  the  centre,  had  walk- 
ed this  ftone  out  of  the  ftore-room  door,  though  it 
weighed  between  four  and  five  hundred  weight. 

The  progrefs  of  the  work,  however,  was  now  fuch, 
that  a whole  room,  with  its  vaulted  cover,  was  built 
complete  in  feven  days. 

On  the  17th  of  Auguft  the  main  column  was  com- 
pleted. 

On  the  27th  Mr  Richardfon  and  his  company  left 
the  Edyftone,  and  gave  an  account  that  they  had  lived 
in  it  fince  the  23d,  having  found  it  much  more  warm 
than  the  bufs’s  hold  and  cabin. 

They  had  now  finiftied  every  thing  belonging  to  the 
raafonry.  The  work  of  the  cupola  was  going  on  brifk- 
ly  in  the  yard  at  Mill-bay,  though  it  was  retarded  by 
the  fucceffive  illnelTes  of  the  two  principal  copperfmiths. 


However,  by  the  exertions  of  Mr  Smeaton,  who  was  Edyftone*. 
himfelf  ready  to  work  at  every  bufinefs,  all  matters 
were  put  in  fuch  forwardnefs,  that  by  the  8th  of  Sep- 
tember there  was  nothing  to  prevent  the  frame  of  the 
lantern  from  being  fixed  in  its  place  but  bad  weather. 

It  was  not  till  the  15th  that  the  weather  permitted  the 
boats  to  deliver  their  cargoes.  The  i6th  was  remark- 
ably fine ; fo  that  by  the  evening  the  whole  frame  of 
the  lantern  was  fcrewed  together,  and  fixed  in  Its  place. 

On  the  17th,  which  was  alfo  exceedingly  fine,  the  cu- 
pola was  brought  out,  and  the  ftiears  and  tackle  were 
fet  up  for  hoifting  it. 

“ This  (fays  Mr  Smeaton)  perhaps  may  be  account- 
ed one  of  the  moft  difficult  and  hazardous  operations  of 
the  whole  undertaking ; not  fo  much  on  account  of 
its  weight,  being  only  about  1 1 cwt.  as  on  account  of 
the  great  height  to  which  it  was  to  be  hoifted  clear  of 
the  building,  and  fo  as,  if  poffible,  to  avoid  fuch  blows 
as  might  bruife  it.  It  was  alfo  required  to  be  hoifted 
a confiderable  height  above  the  balcony  floor ; which, 
though  the  largeft  bafe  that  we  had  for  the  {hears  to 
ftand  on,  was  yet  but  14  feet  within  the  rails,  and  there- 
fore narrow  in  proportion  to  their  height.  About 
noon  the  whole  of  our  tackle  was  in  readinefs ; and  in 
the  afternoon  the  Wefton  (boat)  was  brought  into  the 
gut,  and  in  lefs  than  half  an  hour  her  troublefome  car- 
go was  placed  on  the  top  of  the  lantern  without  the 
leaft:  damage.  During  the  whole  of  this  pperation  it 
pleafed  God  that  not  a breath  of  wind  difcompofed  the 
furface  of  the  water,  and  there  was  the  leaft  fwell  about 
the  rocks  1 had  obferved  during  the  feafon. 

“ Tuefday,  September  i8th,  in  the  morning,  I had 
the  fatisfacftion  to  perceive  the  Edyftone  boat,  on  board 
of  which  I expeded  the  ball  to  be  ; and  which  be- 
ing double  gilt,  I had  ordered  the  carriage  of  it  to 
be  carefully  attended, .to.  The  wind  and  tide  were 
both  unfavourable  to  the  vefleFs  getting  foon  near  us; 
therefore,  being  defirous  to  get  the  ball  fcrewed  on 
before  the  (hears  and  tackle  were  taken  down,  one 
of  the  yawls  was  difpatched  to  bring  it  away.  This 
being  done,  and  the  ball  fixed,  the  (hears  and  tackle 
were  taken  down,  which  took  up  nearly  as  much  time 
as  was  employed  in  fetting  them  up;  that  is,  near  12 
hours  each,  in  the  whole,  to  do  the  work  of  an  hour. — I 
mu  ft  obferve,  that  by  choice  I fcrewed  on  the  ball  with 
mine  own  hands,  that  in  cafe  any  of  the  fcrews  had  not 
held  quite  tight  and  firm,  the  circumftance  might  not 
have  been  (lipped  over  without  my  knowledge ; being 
well  aware,  that  even  this  part  would  at  times  come  to 
a confiderable  ftrefs  of  wind  and  fea,  and  which  could 
not  be  replaced  without  fome  difficulty  in  cafe  any 
thing  (hould  fail. — It  may  not  be  amifs  to  intimate  to 
thofe  who  may  in  future  have  to  perform  the  fame  ope- 
ration, that  the  fcalFold  on  which  this  was  done  con- 
fided of  four  boards  only,  well  nailed  together,  at  fuch 
diftances  as  to  permit  it  to  be  lifted  over  the  ball  when 
done  with.  It  refted  on  the  cupola,  encompaflang  Its 
neck ; and  Roger  Cornthwalte,  one  of  the  mafons, 
placed  himfelf  on  the  oppofite  fide  upon  it,  to  balance 
me  while  I moved  round  to  fix  the  fcrews.” 

Refpeding  the  dlfpofition  of  the  internal  part  of  the 
edifice,  Mr  Smeaton  fixed  the  beds  in  the  uppermoft 
room,  and  the  fire-place,  which  conftituted  the  kitchen, 
in  the  room  below  it ; whereas,  in  the  late  houfe,  the 
upper  room  was  the  kitchen,  and  thtr  beds  were  placed 
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Effingham  frotTii  or  founded  upon,  fome  general  propofitions,  are 
II  called  the  geometrical  eJfeBion  of  them. 

Eglantine.  EFFINGHAM,  formerly  Leavitftown,  a townfliip 
jfj  3trafford  co.  New-Hatnpfliire,  S.  E.  of  Odipee  pond, 
on  Offipee  river,  incorporated  in  iy66,  and  has  154 
inhabitants. — Morse. 

Effingham  Co.  in  the  lower  diftrift  of  Georgia,  is 
bounded  by  Savannah  river  on  the  N.  eaflward,  which 
feparates  it  from  S.  Carolina  ; by  Ogecchee  river  on 
the  S.  weftward,  which  divides  it  from  Liberty  co.  It 
contains  2424  inhabitants,  including  750  flaves.  Chief 
towns,  Ebenezer  and  Elberton. — ib. 

EGG-FI ARBOUR,  a town  in  Gloucefter  co.  New- 
Jerfey,  on  Great  Egg  Harbour ; famous  for  the  ex- 
portation of  pine  and  cedar — ib. 

Egg  Harbour  R.  Great  and  Little.  Great 
Egg  Harbour  river  rifes  between  Gloucefler  and  Cum- 
berfand  counties,  in  New-Jerfey.'  After  running  E. 
S.  E.  a few  miles  it  becomes  the  divlfional  line  between 
Cape  May  and  Gloucefler  counties,  and  falls  into  the 
bay  of  its  own  name.  The  inlet  from  the  Atlantic 
ocean  lies  in  39.  22.  The  river  abounds  with  Iheepf- 
head,  rock-filli,  perch,  cyders,  clams,  &c.  which  find  a 
ready  market  at  Philadelphia.  This  river  is  naviga- 
ble 20  miles  for  velTels  of  200  tons. — ih. 

Link  Egg  Harbour  Inlet,  lies  about  17  miles  N.  E. 
of  Great  Egg  Harbour  Inlet.  It  receives  Mulicus 
river  which  rifes  in  Glouceder  and  Burlington  coun- 
ties, and  forms  part  of  the  divifional  line  a few  miles 
from  the  bay.  It  is  navigable  20  miles  for  veffels  of  60 
tons.  The  townflrip  of  Little  Egg  Harbour,  in  Burling- 
ton co.  confids  of  about  23,000  acres  ; the  mod  of 
which  being  thin  and  barren,  is  not  under  improvement. 
The  compact  part  of  the  townftiipis  called  Clam  Town, 
where  there  is  a meeting-houfe  for  Friends,  and  about 
a dozen  houfes.  It  has  a fmall  trade  to  the  Wed-Indies. 
During  the  late  war  captains  Fergufon  and  Collins 
burnt  a number  of  privateers  and  other  vedels  in  Little 
Egg  Harbour,  and  dedroyed  the  place. — ib. 

"^Egg  Ifland,  a fmall  idand  on  the  N.  E.  fide  of  Dela- 
ware bay,  in  Cumberland  co  — ib. 

EGLANTINE  (Fabre  de),  was  born  at  Chalons  in 
Champagne.  He  was  early  educated,  by  the  care  of 
his  parents,  in  polite  literature  and  natural  philofophy. 
From  his  youth  he  felt  an  invincible  inclination  to  court 
the  mufes  ; and  in  the  year  1786  he  publifhed,  in  a 
French  periodical  work,  intitled  Les  Etremies  du  Par- 
najfe,  a little  poem  called  Chalons  fur  Marne,  in  W'hich 
he  drew  a very  charming  picture  of  the  moral  pleafures 
that  w’ere  to  be  found  in  that  place  and  its  neighbour- 
hood. This  piece,  however,  was  then  confidered  as  a 
juvenile  compofition,  and  fell  very  diort  of  that  high  de- 
gree of  celebrity  which  the  author  afterwards  attained 
to.  In  the  years  1789  and  1790  he  publldied  two 
well-known  comedies,  Le  Philinte,  and  L' Htrigue  Epif- 
tolaire.  Befides  his  talents  for  writing  comedies,  he 
felt,  like  Moliere,  an  inclination  to  perform  parts  on 
the  flage.  He  accordingly  adled  his  own  plays  in  the 
theatres  of  Lyons  and  Nimes. 

Being,  like  the  greater  part  of  French  wits  and  phi- 
lofi'phers,  an  avowed  enemy  to  religion  and  civil  fubor- 
dination,  he  was  thought  to  have  fufficient  merit  to  be 
removed  from  the  office  of  fabricating  comedies  to  that 
of  fabricating  eonflitutions.  Accordingly,  in  1792,  he 
was  chofen  (we  believe  by  the  influence  of  the  Giron- 


dine  fadlion)  a deputy  to  the  National  Convention.  In  Eglantme. 
that  aflembly,  during  the  winter  and  the  fpring  of 
1793,  he  affed  a part  certainly  not  very  commendable, 
though  every  way  worthy  of  the  pupil  of  the  economifts. 

At  that  period  the  Girondine  party  was  the  moll 
powerful ; and  it  was  very  generally  reported  among 
the  bed  informed  people  at  Paris,  that  Fabre  contribu- 
ted, together  with  Danton  and  Robefpierre,  to  the  fa- 
mous malTacre  of  the  31ft  of  May,  when  the  Girondine 
fadtion  was  overthrown  by  a popular  infurredlion.  What 
gives  the  appearance  of  authenticity  to  this  report  is, 
that  Fabre  himfelf  fome  days  afterwards  obferved  to  a 
friend,  that  the  domineering  fpirit  of  the  Girondines, 
who  had  engrolTed  all  power  and  office,  had  induced 
him  and  his  colleagues,  in  order  to  fhake  off  the  yoke, 
to  throw  themfelves  into  the  hands  of  the  Sanfculoterie  ; 
that  he  could  not  help,  however,  foreboding  dangerous 
confequences  from  that  day,  31(1  of  May,  as  the  fame 
mob  which  they  had  taught  to  defpife  the  legiflature 
might,  at  the  inlligation  of  another  fadtion,  overthrow 
him  in  his  turn.  Thus  Fabre  appeared  to  have  a pre- 
fentiment  of  his  own  future  defliny. 

On  the  overthrow  of  the  Girondine  party,  and  the 
eftablilliment  in  power  of  the  Sanfculoterie,  Fabre  be- 
gan to  adt  a confiderable  part.  He  was  appointed 
member  of  the  Committee  of  Public  Inllruffion ; in 
which  ftation,  in  the  month  of  Augufl  1793,  he  gave 
his  vote  for  fuppreffing  all  academies  and  literary  cor- 
porations which,  from  their  privileges  and  ariftocratic 
fpirit,  were  confidered  as  unfriendly  to  a truly  republi- 
can government.  In  Odlober  1793,  he  fubmitted  to 
the  National  Convention  the  plan  of  a new  calendar, 
which  was  afterwards  adopted. 

I’he  reader  who  will  take  the  trouble  to  turn  to  the 
article  Revolution,  n°  184,  Encycl.  may  fee  that  ca- 
lendar, and  be  able  to  judge  for  himfelf  whether  it 
evinces  the  childlfhnefs  or  the  fcience  of  its  author.  A 
journalift  of  our  own  indeed,  who  feems  to  admire  every 
thing  that  is  new  and  odd,  fays,  that  the  accuracy  and 
regularity  with  which  it  was  executed,  evinced  an  uncom- 
mon degree  of  knowledge  in  mathematics  and  natural 
philofophy,  and  failed  not  to  refledl  on  its  author  great 
reputation  ! Indeed  ! Had  the  Sanfculotes  fo  foon 
forgotten  their  “ guides,  philofophers,  and  friends,” 
D’Alembert,  and  Condorcet,  as  to  confider  this  exploit 
as  fufficient  to  place  its  author  in  the  temple  of  fame 
among  the  fons  of  fcience?  Our  journalift,  however, 
admits,  that  it  gave  birth  to  a pleafant  pamphlet,  inti- 
tled Le  L'egijlateur  a la  Mode  ; in  which  it  was  demon- 
ftrated,  that  the  31ft  chapter  of  the  travels  of  Anachar- 
fis,  by  the  Abbe  Bartheleniy,  where  the  defcription  of 
the  ancient  Greek  calendar  is  introduced,  had  furnifli- 
cd  no  inconfiderable  part  of  the  plan  of  the  new  Fabrine 
calendar. 

The  Sanculoterie  had  now  become  too  powerful 
to  be  tolerated  any  longer.  In  the  winter  of  1794, 
that  faction  was  divided  into  two  parts,  the  Jacobins 
and  the  Cordeliers,  or,  in  other  words,  the  Robefpier- 
rifs  and  the  Dantonijls . Fabre  was  of  the  fadtion  of 
Danton,  and  was  confined  with  Danton’s  adherents 
in  the  prifon  of  the  Luxemburg.  From  that  prifon  he 
wrote  a number  of  letters,  which  were  afterwards  print- 
ed. Thefe  letters  are  highly  extolled  as  beautiful  de- 
fcriptions  of  fenfibility  and  talents  in  diftrefs.  After  a 
month’s  imprifonment,  Fabre  was,  with  many  others, 
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Egniont  executed  In  the  place  de  la  Revolution,  In  April  1794,  In 
the  35th  year  of  his  age.  His  fentence,  we  believe, 
was  unjuft  ; but  death  he  had  more  than  merited. 

EGMONT,  an  ifland  in  the  South  Pacific  ocean, 
difcovered  by  capt.  Carteret.  The  Spaniards  called  it 
Santa  Cruz.  S.  lat.  19.  20.  E.  long,  from  Greenwich 
164.  30. — Morse. 

EGREMONT,  a townfhlp  In  Berklhlre  co.  Maf- 
fachufetts,  containing  759  inhabitants,  incorporated  in 
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ELBERTON,  the  feat  of  juftice  in  tlie  above  co.  Is 
23  miles  N.  W.  of  Peterfburg,  and  30  S.  E.  of  Frank- 
lin court-houfe. — ib. 

ELBERTON,  a poll  town  In  Effingham  co.  Geor- 
gia, on  the  N.  E.  bank  of  Ogeechee  river,  containing 
about  3ohoufes.  It  is  about  19  miles  W.  of  Ebenezer, 
48  N.  W.  of  Savannah,  and  55  S.  E.  of  Louifville.  N. 
lat.  32- 18.  45.  W.  long.  80.  30. — il. 

ELECTIONS,  or  Choice,  fignify  the  feveral  dif- 
1760 — 15  miles  S.  W.  of  Stockbridge,  and  145  W.  of  ferent  ways  of  taking  any  number  of  things  propofed. 


Bofton. — ii 

EIGHTEEN-MILE,  or  Long  Beach,  on  the  coaft  of 
New-Jerfey,  lies  between  Little  Egg  Harbour  inlet,  and 
that  of  Barnegat. — ih. 

ELASTICITY.  In  addition  to  the  article  in  the 
Encyclopaedia,  fee,  in  this  Supplement,  the  view  of  Bos-  two  things  are  (a,  b,  ab,)  3 = 2^ — i, 
covich's  theory  of  natural  philofophy,  n°  26.  three  things  are  (a,  b,  c,  ab,  ac,  be,  abc,)  7 = 2^ — r, 

ELBERT,  a new  county  in  the  upper  diftrifl  of  &c. ; and  of  any  number  n,  all  the  eledtions  are  2" — r ; 
Georgia,  on  the  trad  of  land  between  Tugulo  and  that  is,  one  lefs  than  the  power  of  2 whofe  exponent  is 
Broad  rivers.  The  S.  E,  corner  of  the  county  is  at  n,  the  number  of  fingle  things  to  be  chofen,  either  fe- 
their  confluence,  at  the  town  of  Peterfburg.  On  the  parately  or  in  combination. 

N.  W.  it  is  bounded  by  Franklin  county. — Morse. 


Elbeiton 


Eledtions. 


either  feparately,  or  as  combined  in  pairs,  in  threes,  in 
fours,  &c. ; not  as  to  the  order,  but  only  as  to  the 
number  and  variety  of  them.  Thus,  of  the  things  a,  b, 
c,  d,  e.  See.  the  eledions  of 
one  thing  are  faj  1 = 2’  — i. 


ELECTRICITY. 


WE  cannot  but  be  fomewhat  furprifed  that,  among 
the  many  attempts  which  have  been  made  by 
the  philofophers  of  Britain  to  explain  the  wonderful 
phenomena  which  are  clalTsd  under  this  name,  no  au- 
thor of  eminence,  befides  the  Hon.  Mr  Cavendifh  and 
Lord  Mahon,  have  availed  themfelves  of  their  fufeepti-' 
bility  of  mathematical  difeuffion  ; and  our  wonder  is 
the  greater,  becaufe  it  was  by  a mathematical  view  of 
the  fubjed,  in  the  phenomena  of  attradion  and  repul- 
fion,  that  the  celebrated  philofopher  Franklin  was  led 
to  the  (mly  knowledge  of  eledricity  that  deferves  the 
name  of  fcience  ; for  we  had  fcarcely  any  leading  fads, 
by  which  we  could  clafs  the  phenomena,  till  he  pub- 
lifhed  his  theory  of  pofitive  and  negative,  or  plus  and 
minus  eledricity.  This  is  founded  entirely  on  the  phe- 
nomena of  attradion  and  repulfion.  Thefe  furnifh  us 
with  all  the  indications  of  the  prefence  of  the  mighty 
agent,  and  the  marks  of  its  kind,  and  the  meafures  of 
its  force.  Mechanical  force  accompanies  every  other 
appearance  ; and  this  accompanymentis  regulated  in  a 
determinate  manner.  Many  of  the  effeds  of  eledricity 
are  ftridly  mechanical,  producing  local  motion  in  the 
fame  manner  as  magnetifm  or  gravitation  produce  it. 
One  fliould  have  expeded  that  the  countrymen  of 
Newton,  prompted  by  his  fuccefs  and  his  fame,  would 
take  to  this  mode  of  examination,  and  would  have  en- 
deavoured to  deduce,  from  the  laws  obferved  in  the  ac- 
tion of  this  motive  force,  an  explanation  of  other  won- 
derful phenomena,  which  are  infeparably  conneded 
with  thofe  of  attradion  and  repulfion. 

But  this  has  not  been  the  cafe,  if  we  except  the  la- 
bours of  the  two  philofophers  above  mentioned,  and  a 
few  very  obvious  pofilions  which  muft  occur  to  all  the 
inventors  and  improvers  of  eledrometers,  batteries,  and 
othei  things  of  meafurable  nature. 

Tills  view  has,  however,  been  taken  of  the  fubjed 
by  a philofopher  of  unqueftioned  merit,  Mr  iEpinus 


of  the  Imperial  Academy  of  St  Peterfburgh.  This 
gentleman,  (truck  with  the  refemblance  of  the  eledri- 
cal  properties  of  the  tourmalin  to  the  properties  of  a 
magnet,  which  have  always  been  confidered  as  the  fub- 
jed of  mathematical  difcuflion,  fortunately  remarked  a 
wonderful  fimilarlty  in  the  whole  feries  of  eledrical  and 
magnetical  attradions  and  repulfions,  and  fet  himfelf 
ferioufly  to  the  claffification  of  them.  Having  done 
this  with  great  fuccefs,  and  having  maturely  refleded 
on  Dr  Franklin’s  happy  thought  of  plus  and  minus  elec- 
tricity, and  his  confequent  theory  of  the  Leyden  phial, 
he  at  laft  hit  on  a mode  of  conceiving  the  whole  fubjed 
of  magnetifm  and  eledricity,  that  bids  fair  for  leading 
us  to  a full  explanation  of  all  the  phenomena  ; in  as  far, 
at  leaft,  as  it  enables  us  to  clafs  them  with  precifion, 
and  to  predid  what  will  be  the  refult  of  any  propofed 
treatment.  He  candidly  gives  it  the  modeft  name  of 
a hypothefis. 

This  was  publiflied  at  St  Peterfburg  in  1759,  under 
the  title  of  Theoria  Ele&ritatis  et  Magnetifmi,  and  is  un- 
queftionably  one  of  the  moft  ingenious  and  brilliant 
performances  of  this  century.  It  is  indeed  moft  fur- 
prifing  that  it  is  fo  little  known  in  this  country.  This, 
we  imagine,  has  been  chiefly  owing  to  the  very  flight 
and  almoft  unintelligible  account  which  Dr  Prieftley 
has  given  of  it  In  his  hiftory  of  eledricity;  a work 
which  profelfes  to  comprehend  every  thing  that  has 
been  done  by  the  philofophers  of  Europe  and  America 
for  the  advancement  of  this  part  of  natural  fcience,  and 
which  indeed  contains  a great  deal  of  inftrudive  Infor- 
mation, and,  at  the  fame  time,  fo  many  loofe  conjec- 
tures and  infignificant  obfervations,  that  the  reader 
(efpecially  if  acquainted  wfith  the  Dodor’s  charader  as 
an  unwearied  bookmaker)  reafonably  believes  that  he 
has  let  nothing  flip  that  was  worthy  of  notice.  We 
do  not  pretend  to  account  for  the  manner  in  which 
Dr  Prieftley  has  mentioned  this  work,  fo  much,  and  fo 
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def’rvedly  celebrated  on  the  continent.  We  cannot 
think  that  he  has  read  it  fo  as  to  comprehend  it,  and 
imagine,  that  feeing  fo  much  algebraic  notation  m every 
page,  and  being  at  that  time  a novice  in  mathemati- 
cal learning,  he  contented  himfelf  with  a few  fcattered 
paragraphs  which  w^ere  free  of  thofe  embarralfments ; 
and  thus  could  only  get  a very  imperfed  notion  ol  the 
fyltem.  The  Hon.  Mr  Cavendilh  has  done  it  more 
juflice  in  the  6 ill  volume  of  the  Philofophical  Tranf- 
adions,  and  confiders  his  own  moft  excellent  diiferta- 
tion  only  as  an  extenfion  and  more  accurate  application 
of  iEpinus’s  Theory.  That  we  have  not  an  account 
of  this  expohtion  of  the  Franklinian  theory  of  eledri- 
city  in  our  language,  is  a material  want  in  Britiih  lite- 
rature ; and  we  truft,  therefore,  that  our  readers  will  be 
highly  pleafed  with  having  the  ingenious  difeoveries  of 
the  great  American  philofopher  put  into  a form  fo 
nearly  approaching  to  a fyflem  of  demonftrative  fcience. 

We  piopofe,  therefore,  in  this  place,  to  give  fuch  a 
brief  account  of  iEpinus’s  theory  of  eledricity,  as  will 
enable  the  reader  to  reduce  to  a very  fimple  and  eafily 
remembered  law  all  the  phenomena  of  eledricity  which 
have  any  clofe  dependence  on  the  mechanical  effeds  of 
this  powerful  agent  of  nature  ; referring  for  a demon- 
firation  of  what  is  purely  mathematical  to  Sir  Ifaac 
Newton’s  Principia,  and  the  Dilfertation  by  Mr  Ca- 
vendilh already  mentioned,  except  in  fuch  important 
articles  as  we  think  ourfelves  able  to  prefent  in  a new, 
and,  we  hope,  a more  familiar  form.  We  do  not  mean, 
in  this  place,  to  give  a fyftem  of  philofophical  eledri- 
city,  nor  even  to  narrate  and  explain  the  more  remark- 
able phenomena.  Of  thefe  we  have  already  given  a 
vaft  colledion  in  the  article  ELECxaiciTV,  Encycl. 
We  confine  ourfelves  to  the  phenomena  which  may  be 
called  mechankal,  producing  meafurable  motion  as  their 
immediate  efiFed  ; and  thus  giving  us  a principle  for  the 
mathematical  examination  of  the  caufe  of  eledrical  phe- 
nomena. We  fhall  confider  the  reader  as  acquainted 
with  the  other  phyfical  effeds  of  eledricity,  and  lhall 
frequently  refer  to  them  for  proofs. 

Moreover,  as  our  intention  is  merely  to  give  a fy- 
noptical  view  of  this  elaborate  and  copious  performance 
of  Mr  jEpinus,  hoping  that  it  will  excite  our  country- 
men to  a careful  perufal  of  fo  valuable  a work,  we  lhall 
omit  moft  of  the  algebraic  inveftigations  contained  in  it, 
and  prefent  the  conclufions  in  a more  familiar,  and  not 
lefs  convincing,  form.  At  the  fame  time  we  will  infert 
the  valuable  additions  made  by  Mr  Cavendilh,  and  ma- 
ny important  particulars  not  noticed  by  either  of  thofe 
gentlemen. 

Hypothesis  of  .^pinus. 

The  phenomena  of  eledricity  are  produced  by  a 
fluid  of  peculiar  nature,  and  therefore  called  the  elec- 
TEic  FLUID,  having  the  following  properties  : 

1.  Its  particles  repel  each  other,  with  a force  decrea- 
fing  as  the  diftances  increafe, 

2.  Its  particles  attrad  the  particles  of  fnme  ingre- 
dient in  all  other  bodies,  with  a force  decreafing,  ac- 
cording to  the  fame  law,  with  an  increafe  of  dillance  ; 
and  this  attradion  is  mutual. 

3.  The  eledric  fluid  is  difperfed  in  the  pores  of  other 
bodies,  and  moves  wdth  various  degrees  of  facility 
through  the  pores  of  dilFerent  kinds  of  matter.  In 
thofe  bodies  which  we  call  non  ele 9 rks,  fuch  as  water 


or  metals,  it  moves  without  any  perceivable  obftrudion ; j 

but  in  glafs,  rofins,  and  all  bodies  called  eledrics,  it  i 

moves  with  very  great  difficulty,  or  is  altogether  im-  | 

moveable.  ' 

4.  The  phenomena  of  eledricity  are  of  two  kinds ; s 
I.  Such  as  arife  from  the  adual  motion  of  the  fluid 
from  a body  containing  more  into  one  containing  lefs 
of  it.  2.  Such  as  do  not  immediately  arife  from  this 
transference,  but  are  inftances  of  its  attradion  and  re- 
pulfion. 

Thefe  things  being  fuppofed,  certain  confequences 
neceffarily  refult  from  them,  which  ought  to  be  analo- 
gous  to  the  obferved  phenomena  of  eledricity,  if  this 
hypothefis  be  complete,  or  fome  farther  modification 
of  the  alfumed  properties  is  neceffary,  in  order  to  make 
the  analogy  perfed.  (j 

Suppofe  the  body  A (fig.  i.)  to  contain  a certain  Plate 
quantity  of  fluid.  Its  paiticles  adjoining  to  the  fur-  XXIV. 
face,  fuch  as  P,  are  attraded  by  the  particles  of  com- 
mon matter  in  the  body,  but  repelled  by  the  other  par- 
ticles of  the  fluid.  The  totality  of  the  attradive  forces 
ading  on  P may  be  equal  to  the  totality  of  the  repul- 
five  forces,  or  may  be  unequal.  If  thefe  two  fums  are 
equal,  P is  in  equilibrio,  and  has  no  tendency  to  change 
its  place.  But  there  may  be  fuch  a quantity  of  fluid 
in  the  body,  that  the  repulfions  of  the  fluid  exceed 
the  attradions  of  the  common  matter.  In  this  cafe,  P 
has  a tendency  to  quit  the  body,  or  there  is  an  expul- 
five  force  ading  on  it,  and  it  <iu/7/  quit  the  body  if 
it  be  moveable.  Becaufe  the  fame  mu  ft  be  admitted 
in  refped  of  every  other  particle  of  moveable  fluid, 
it  is  plain  that  there  will  be  an  efflux,  till  the  attrac- 
tion of  the  common  matter  for  the  particles  of  fluid  Is 
equal  to  the  repulfion  of  the  remaining  fluid.  On  the 
other  hand,  if  the  primitive  repulfion  of  the  fluid  ad- 
ing on  the  particle  P be  lefs  than  the  attradions  of  the 
common  matter,  there  will  be  the  fame,  or  at  leaft  a 
fimilar,  fuperiority  of  attradion  ading  on  the  fluid  re- 
fiding  in  the  circumambient  bodies ; and  there  will  be 
an  influx  from  all  hands,  till  an  equilibrium  be  reftored.  f 

Hence  it  follows,  that  there  may  always  be  affigned  Naturil 
to  any  body  fuch  a quantity  of  fluid  that  there  ftiall  be  quastity, 
no  tendency  either  to  efflux  or  influx.  But  if  the  quan- 
tity  be  incrcafed,  and  nothing  prevent  the  motion,  the* 
redundant  fluid  will  flow  out ; and  if  the  proper  quan- 
tity be  diminiflred,  there  will  be  an  influx  of  the  fur- 
rounding  fluid,  if  not  prevented  by  fome  external  force. 

This  may  be  called  the  body’s  natural  quantity  ; 
becaufe  the  body,  when  left  to  itfelf,  will  always  be  re- 
duced to  this  ftate. 

If  two  bodies,  A and  B,  contain  each  its  natural  t 
quantity,  they  will  not  exert  any  fenfible  adion  on  each 
other:  for,  becaufe  the  fluid  contained  in  B is  united 
by  attradion  to  the  common  matter,  and  is  alfo  repel- 
led by  the  fluid  in  A,  it  necelTarily  follows,  that  the 
whole  body  B is  repelled  by  the  fluid  In  A.  But,  on 
the  other  hand,  the  matter  in  A attrads  the  fluid  in 
B,  and  confequently  attrads  the  whole  body  B : Simi- 
lar  adion  is  exerted  by  B on  A.  Thefe  contrary  for- 
ces are  either  equal,  and  deftroy  each  other,  or  unequal, 
and  one  of  them  prevails.  This  equality  or  inequality 
evidently  depends  on  the  quantity  of  fluid  contained  in 
one  or  both  of  the  bodies  (n®  7.).  Now  it  is  known 
that  bodies  left  entirely  to  themfelves  neither  attrad 
nor  repel ; and  it  follows  from  the  hypothetical  pro- 
perties 
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perties  of  the  fluid,  that  if  there  be  either  a redundan- 
cy or  deficiency  of  fluid,  there  will  be  an  efflux  or 
influx,  till  the  attradlions  and  repulfions  balance  each 
other.  Therefore  the  internal  ftate  of  two  bodieg  which 
neither  attradl  nor  repel  each  other,  is  that  where 
each  contains  its  natural  quantity  of  eledric  fluid. 

In  order,  therefore,  to  conceive  diftindly  the  ftate 
of  a body  containing  its  natural  quantity,  and  to  have 
a diftin£t  notion  of  this  natural  quantity,  we  muft  fup- 
pofe  that  the  quantity  of  fluid  competent  to  a particle 
of  matter  in  A repels  the  fluid  competent  to  a partite 
of  matter  in  B,  juft  as  much  as  it  attradts  that  particle  of 
matter  ; and  alfo,  that  the  fluid  belonging  to  a particle 
of  matter  in  A,  repels  the  fluid  belonging  to  a particle 
of  matter  in  B,  juft  as  much  as  the  particle  of  matter 
in  A attradls  it.  Thus  the  whole  fluid  in  the  one  re- 
pels the  whole  fluid  in  the  other  as  much  as  it  attrads 
the  whole  matter. 

Since  this  muft  be  conceived  of  every  particle  of 
common  matter  in  a body,  we  muft  admit,  that  when  a 
body  is  in  its  natural  ftate,  the  quantity  of  eledric  fluid 
in  it  is  proportional  to  the  quantity  of  matter,  every 
particle  being  united  with  an  equal  quantity  of  fluid. 
This,  however,  does  not  neceffarily  require  that  differ- 
ent kinds  of  matter,  in  their  natural  or  faturated  ftate, 
fhall  contain  the  fame  proportion  of  fluid.  It  is  fuffi- 
cient  that  each  contains  fuch  a quantity,  uniformly  diftri- 
buted  among  its  particles,  that  its  repulfion  for  the 
fluid  in  another  body  is  equal  to  its  attradion  for  the 
common  matter  in  it.  It  is,  however,  more  probable, 
for  reafons  to  be  given  afterwards,  that  the  quantity  of 
eledric  fluid  attached,  or  competent,  to  a particle  of  all 
kinds  of  matter  is  the  fame. 

We  (hall  now  confider  more  particularly  the  imme- 
diate refults  of  this  hypothefis,  in  the  moft  fimple  cafes, 
from  which  we  may  derive  fome  elementary  propofi- 
tions. 

Since  our  hypothefis  is  accommodated  to  the  fad, 
that  bodies  in  their  natural  ftate,  having  their  natural 
quantity  of  eledric  fluid,  are  altogether  inadive  on  each 
other,  by  making  this  natural  quantity  luch,  that  its 
mutual  repulfion  exadly  balances  Its  attradion  for  the 
common  matter — It  follows,  that  we  muft  deduce  all 
the  eledric  phenomena  from  a redundancy  or  deficiency 
of  eledric  fluid.  This  accordingly  is  the  Franklinian 
dodrine.  The  redundant  ftate  of  a body  is  called  by 
Dr  Franklin  positive  or  plus  electricity,  and  the 
deficient  ftate  is  called  negative  or  minus  electri- 
city. 

A body  may  contain  more  than  Its  natural  quantity, 
or  lefs,  in  every  part,  or  it  may  be  redundant  in  one 
place  and  deficient  in  another.  Thefe  different  condi- 
tions will  exhibit  diff'erent  appearances,  which  muft  be 
confidered  firft  of  all. 

Let  the  body  A (fig.  i.)  be  fuppofed  in  its  natural 
ftate  throughout,  which  we  fliall  generally  exprefs  by 
faying  that  it  is  saturated;  and  let  us  exprefs  the 
quantity  of  fluid  required  for  it\i  faturatlon  by  thefym- 
bol  Let  P be  a fuperficial  particle  of  the  fluid.  It 
is  attraded  by  the  common  matter  of  the  body  (which 
we  fhall  in  future  call  fimpiy  the  matter ),  and  it  is  repel- 
led equally  by  the  fluid.  Let  us  call  the  attradion  <7, 
and  the  repulfion  r.  Then  the  force  with  which  the 
fijperficial  particle  is  attraded  by  the  body,  muft  be 
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•zz  a — r,  and  a — r muft  be  = o,  becaufe  a = r.  Let 
the  quantity  / of  fluid  be  added  to  the  body,  and  uni* 
formly  diftributed  through  its  fubftance.  Then,  be- 
caufe we  muft  admit  that  the  adion  is  in  proportion 
to  the  quantity  of  ading  fluid,  and  this  is  now  /t 

we  have  Q^:  Q^+y  = r and  therefore 

P is  repelled  by  the  whole  fluid  with  the  force, 

But  it  is  attraded  by  the 


common  matter  in  the  fame  manner  as  before,  that  is, 
with  a force  a.  Therefore  the  whole  adion  on  P is 


But  a — r = o.  Therefore  the  whole 
ft* 

— that  is,  P is  repelled  with 


iL 

adion  on  P is  =: 
the  force-^^ 

This  will  perhaps  be  as  diftindly  conceived  by  recol- 
ledlng,  that  as  much  of  the  fluid  as  was  neceffary  for 
faturatlon,  that  is,  the  quantity  puts  the  particle  P 
in  equilibrio ; and  therefore  w'e  need  only  confider  the 
adion  of  the  redundant  fluid  f.  To  find  the  repuifive 

force  of  this,  fay  Q_:  f — r : and  prefix  the  fign 

— ; becaufe  we  are  to  confider  attradions  as  pofitive, 
and  repulfions  as  negative,  quantities. 

Unlefs,  therefor  e,  the  particle  P be  withheld  by  fome  States  of  a 

other  force,  it  willquit  the  body,  being  expelled  by  a force  body  cauf- 
s ^ ing  efflux 

And  as  every  fuperficial  particle  is  in  a fimilar  or  influx. 

fituation,  we  fee  that  there  will  be  an  efflux  from  an 
-overcharged  body,  till  all  the  redundant  fluid  has  quit- 
ted it.  This  efflux  will  indeed  gradually  diminifh  as 

ft**,* 

the  expelling  force  •^^^diminifhes  ; that  is,  as / dimi- 

nifhes,  but  will  never  ceafe  till  f be  reduced  to  nothing. 

But  if  there  be  either  an  external  force  ading  on  the 
fuperficial  fluid  in  the  oppofite  diredion,  or  fome  inter- 
nal obftrudion  to  its  motion,  the  efflux  will  flop  when 
the  remaining  expelling  force  is  juft  in  equilibrio  with 
this  external  force,  or  this  obftrudion. 

On  the  other  hand,  if  the  body  contains  lefs  than  Its 
natural  quantity  of  fluid,  there  will  be  an  Influx  from 
without ; for  if  there  be  a deficiency  of  fluid  =r  f,  the 

particle  P will  be  repelled  with  the  force  0-  ^ 

ft*  • 

rr  r — - — . It  is  attraded  with  the  force  a ; and  there- 

fore  the  whole  adion  is  = a — r = -f-  -^^be« 

caufe  a — rzzo)  ; that  is,  P is  attraded  with  the  force 

Fluid  will  therefore  enter  from  all  quarters,  as  * - 

long  as  there  is  any  deficiency  of  the  quantity  necef- 
fary  for  faturatlon,  unlefs  it  be  oppofed  by  fome  external 
force,  or  hindered  by  fome  Internal  obftrudion. 

When  there  is  a deficiency  of  fluid,  there  is  a redun- 
dancy of  matter,  fuch  that  its  attradion  for  external 
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fluid  is  equal  to  the  repulfion  of  a quantity  / of  fluid. 
This  confirms  the  affumption  in  n®  10,  that  the  aaion 
of  a locly  on  ihe  dearie  fluid  depends  entirely  on  the  re- 
dundant fluid,  or  the  redundant  matter  of  the  body. 

The  elflux  or  influx  may  be  prevented,  either  by  fur- 


non-elec- 
tries. 


rounding  the  body  with  fubilances,  through  the  pores  faturation  of  each  half  of  NS  be  as  before.  Let  tion  on  es- 

^ ..1,1  n..\d — ....  the  attraction  of  the  whole  matter  of  NA  for  a par- vernal  fluid. 

tick  of  fluid  at  N be  a',  and  let  r be  the  repulfion 
exerted  on  the  fame  particle  N by  the  whole  uni- 
formly dillributed  fluid  in  NA  and  let  r'  be  the  repul- 
fion exerted  by  the  fame  quantity  of  fluid  in  the  re- 
mote part  SA.  Then  the  force  with  which  the  par- 
ticle N or  S is  attracted  by  the  merely  faturated  body 
NS  muft  be  = — r — r'.  This  is  evidently  no- 

thing, if  the  body  be  in  its  natural  ftate.  But  as  NA 
contains  the  redundant  fluid /,  and  SA  is  deficient  by 


14 

Howbodies 

are  ideo  _ _ 

ekCiricscr  of  which  the  fluid  cannot  move  at  all,  or  by  the  body 
itfelf  being  of  this  conftitution.  And  thus  we  fee,  that 
the  very  circumftance  of  being  impervious  to  the  fluid, 
or  completely  permeable,  renders  the  body  capable  or 
incapable  of  permanently  exhibiting  eleClrical  pheno- 
mena, if  furrounded  by  permeable  bodies.  This  cir- 
cum fiance  alone,  therefore,  is  fufficient  to  confiitute  the 
difference  between  eledrics  per  fe,  and  non-ekarics . — 
Here,  then,  is  a numerous  clafs  of  phenomena,  which 
receive  an  explanation  by  this  hypothetical  conftitution 
of  the  ekCtric  fluid.  All  eleCtrics  per  fe  are  bodies  fit 
for  confining  eleCrricity  in  bodies  which  are  rendered 
capable  (by  whatever  means)  of  producing  eleCtrical 
phenomena  ; and  no  conductor,  or  fubftance  which  al- 
lows the  electricity  to  pafs  through  it,  can  be  made 
electric  by  any  of  the  means  which  produce  that  effeCl 
in  infulators.  And  it  is  well  known,  that  the  eleCtricity 
of  electrics  is  vaftly  more  durable  that  that  of  non-elec- 
trics in  fimilar  fituations.  It  is  true,  indeed,  that  an 
electric,  which  has  been  excited  fo  as  to  exhibit  eleCtric 
phenomena  with  great  vivacity,  lofes  this  power  very 
quickly  if  plunged  into  water,  or  any  other  conducting 
body.  But  this  is  owing  to  the  redundancy  or  defi- 
ciency being  quite  fuperficial,  fo  that  the  parts  which 
are  difpofed  to  give  out  or  to  take  in  the  fluid  are  in 
immediate  contaCl  with  the  conducting  matter.  That 
the  redundancy  or  deficiency  is  fuperficial,  follows  from 


ing  in  the  half  NA  a quantity/"  of  redundant  fluid,  15 
and  in  the  half  AS  let  there  be  a deficiency  g of  fluid  ; Confequen- 
that  is,  let  there  be  a quantity  of  matter  unfaturated, 
and  fuch  as  will  attract  fluid  as  much  as  the  quantity^ 
of  fluid  would  repel  it.  Let  the  fluid  necelfary  for  the  fluid. i.Ac- 


» 

■ i 


the  quantity^,  the  whole  aCtion  muft  be  a — ^ 


Qj-S  X 
0^ 


But  becaufe  a — r — r'  ^ 0,  the 


, or  becaufe  r is  greater 

fr- 


pr'  — f r 
action  becomes  = — 

than  r\  the  particle  N is  repelled  with  the  force'^- 
In  like  manner,  the  particle  S is  attracted  with  the 
force  -2 — . 


16 


In  the  mean  time,  a particle  C,  fituated  at  the  mid- 
dle, muft  be  in  equilibrio,  if  the  body  be  in  its  natural  a.  ACtion 
ftate,  being  equally  attrafled,  and  alfo  equally  repelled, 
on  both  fides.  But  as  we  fuppofe  that  NA  is  overchar- 
this  hypothefis  ; for  when  the  furface  is  overcharged  ged  with  the  quantity  f,  C muft  be  repelled  in  the  di- 


rection CS  with  the  force^^  And  if  we  alfo  fuppofe 
that  AS  is  deficient  by  the  quantity  g,  C is  attracted  in 

Therefore,  on  the 
CS  with  the  force 


the  direction  CS  with 
whole,  it  is  urged  in  the 

f ^ X ^ 


a force-  . 
direction 


by  the  means  employed  for  exciting,  the  impermeabili-  J ^ 

ty  of  the  cleCtric fe  prevents  this  redundant  fluid 
from  penetrating  to  any  depth  ; and  when  the  furface 
has  been  rendered  deficient  in  fluid,  the  fame  im.permea- 
bility  prevents  the  fluid  from  expanding  from  the  inte- 
rior parts,  fo  as  to  contribute  to  the  replenilhing  the 
fuperficial  ftratum  with  fluid.  If,  indeed,  we  could  fall 
cn  any  yray  of  overcharging  the  Interior  parts  of  a glafs  ■ q — ^ or 

ball,  or  of  abftraCting  the  natural  quantity  from  them,  it  Q_ 
is  highly  probable,  that  it  would  continue  to  attraCt  or  Hence 
repel  even  after  it  had  been  plunged  in  water.  Although 
the  furrounding  water  would  inftantly  take  off  the  fluid 
redundant  contained  in  the  very  furface,  the  repulfion 
of  the  fluid  in  the  internal  parts  would  ftill  be  fenfible  ; 
nay,  if  a very  fmall  permeability  be  fuppofed,  the  body 
would  again  become  overcharged  at  the  furface ; juft  as 
we  fee,  that  when  we  plunge  a red-hot  ball  of  iron  into 

water,  and  take  it  out  again  immediately,  it  is  black  on  a conducting  body,  unlefs  an  external  force  aCl  on  it ; 
the  furface,  and  may  be  touched  with  the  finger  ; but  but  it  may  fubfift  in  a non-conduCtor,  and  in  a lefier  de- 
in half  a minute  after,  it  again  becomes  red-hot.  Per-  gree,  in  all  imperfect  conductors. 

It  is  necelfary,  in  this  place,  to  confider  a little  the  18 
nature  of  that  refiftance  which  muft  be  afligned  to  the  Nature  of 
motion  of  the  eleCtric  fluid  through  the  pores  of  the  theobllruc- 
body.  If  it  refemble  the  refiftance  oppofed  by  a per- 


we  learn,  that  as  long  as  there  is  any  redun- 
dancy  in  AN,  and  deficiency  in  AS,  there  is  a tenclen-  it  will  be 
cy  of  the  redundant  fluid  to  move  from  N toward  S ; uniformly 
and,  if  the  body  be  altogether  permeable  by  the  elec- 
tric fluid,  we  cannot  have  a permanent  ftate  till  the 
fluid  is  fimilarly  dillributed,  and  equally  divided,  be- 
tween the  two  halves  of  NS.  T.herefore  a ftate  like 
that  aflumed  in  this  example  cannot  be  permanent  in 


diffufed, 
unlefs  ob- 
ftruCled. 


haps  this  may  be  accomplifhed  with  a globe  of  fealing 
W'ax,  which  is  permeable  while  liquid,  by  electrifying  it 
in  a particular  way  while  in  that  ftate,  and  allowing  it 
to  freeze.  But  the  reader  is  not  far  enough  advanced 
in  the  hypothefis  to  underftand  the  procefs  which  muft  feCt  fluid,  arlfing  folely  from  the  inertia  of  its  particles, 
be  followed.  He  cannot  but  recolleCl,  how'ever,  many  then  there  is  no  inequality  of  force  fo  minute  but  that 
examples  in  coated  glafs,  &c.  where  the  eleClricity  is  it  will  operate  a uniform  diftribution  of  the  fluid,  or  at 
molt  pertinacioufly  retained  by  a ftirface  in  very  clofe  lead  a diftribution  which  will  make  the  excefs  of  the 
contaCl  with  conductors.  mutual  attractions  and  repulfions  precifely  equal  and  op- 

Let  us  now  fuppofe  a body  NS  (fig.  2.),  contain-  pofitc  to  the  external  force  which  keeps  it  in  any  ftate 

of 
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A body 
may  be  in- 
active, or 
neutral, 
where  it  is 
redundant 
or  deficient 


of  unequal  diftribution.  But  it  may  refemble  the  re- 
fiftance  to  the  defcent  of  a parcel  of  ftnall  fhot  diffemi- 
uated  among  a quantity  of  grain,  or  the  refiftance  to 
motion  through  the  pores  of  a plaftic  or  dudlile  body, 
fuch  as  clay  or  lead.  Here,  in  order  that  a particle 
may  change  its  place,  it  muft  overcome  the  tenacity  of 
the  adjoining  particles  of  the  body.  Therefore,  when 
an  unequal  diftribution  has  been  produced  by  an  exter- 
nal force,  the  removal  or  alteration  of  that  force  will 
not  be  followed  by  an  equable  diftribution  of  the  fluid. 
In  every  part  there  will  remain  fuch  an  inequality  of 
diftribution,  that  the  want  of  equilibrium  between  the 
eleflric  attraftions  or  repulftons  is  balanced  by  the  tena- 
city of  the  parts. 

We  learn  farther  from  the  foregoing  propofitions,  that 
a particle  at  N is  lefs  repelled  than  if  the  part  AS  were 
overcharged  as  AN  is  : for  in  that  cafe,  it  would  be  ex- 


fes  the  attradion  for  a particle  at  S,  and  we  obtain 
f'Xr^ 


pelled  by  a force 


than 


fr 


/ Xr-{-r' 
0^ 


, which  is  much  greater 


Q 


And,  in  like  manner,  the  particle  S 


is  attraded  with  lefs  force  than  it  would  be  if  NA  were 
equally  undercharged  with  SA. 

The  condition  of  the  body  now  defcribed  may  be 
changed  by  different  methods.  The  redundant  fluid 
in  AN  may  flow  into  AS,  where  it  is  deficient,  till  the 
whole  be  uniformly  diftributed  ; or  fluid  may  efcape 
from  AN,  and  fluid  may  enter  into  AS,  till  the  body 
be  in  its  natural  ftate.  The  firft  method  will  be  fo 
much  the  flower,  as  the  body  is  lefs  permeable,  or  more 
remarkably  e's8ric per  fe  ; and  the  fecond  method  will 
I e flower  than  if  the  whole  body  were  overcharged  or 
undercharged. 

What  we  have  been  now  faying  of  a body  NS  that 
is  overcharged  at  one  end,  and  undercharged  at  the 
other,  and  capable  of  retaining  this  ftate,  is  applicable, 
in  every  particular,  to  two  conducing  bodies,  NA  and 
SA',  having  a non-condudting  body  Z interpofed  be- 
tween them,  as  in  fig.  3.  All  the  formulas  or  expref- 
fions  of  the  forces  which  tend  to  expel  or  to  draw  in  fluid, 
are  the  fame  as  before.  Perhaps  this  is  the  heft  way  of 
forming  to  ourfelves  a diftmdt  notion  of  the  body  that 
is  redundant  in  fluid  at  one  end,  and  deficient  at  the 
other.  And  we  perceive,  that  the  ftate  of  the  two  bo- 
dies, feparated  by  the  eiedric  Z,  will  be  more  perma- 
nent when  one  is  overcharged,  and  the  other  under- 
charged, than  if  both  are  either  over  or  undercharged. 

It  muft  be  remarked,  that  the  quantities  f and  g v^ers 
taken  at  random.  They  may  be  fo  taken,  that  the 
force  with  which  the  fluid  tends  to  efcape  at  W,  or  to 
enter  at  S,  may  be  nothing,  or  may  even  be  changed 
to  their  oppoflte.  Thus,  in  order  that  there  may  be 
. no  tendency  to  efcape  from  N,  we  have  only  to  fuppofe 


gr  — fr  = o,  ;/=  r : r',  and^ 

cafe,  the  particle  at  N is  as  much  attraded  by  the  re- 
dundant matter  in  SA  as  it  is  repelled  by  the  redun- 
dant fluid  in  NA. 

When  the  extremity  N is  rendered  inadtive  in  this 
manner,  the  condition  of  the  other  extremity  S is  con- 
fiderably  changed.  To  difcover  this  condition,  put 

in  place  of  g in  the  formula  ^ ^ 


™.  In  this 
r 


Conditions 
neceflary 
(or  this. 


r' 


0^ 


, which  ezpref- 


Q^r' 

On  the  other  hand,  we  may  have  the  redundancy  ^4, 
and  deficiency  fo  balanced,  that  there  fliall  be  no  ten- 
dency to  influx  at  S.  For  this  purpofe,  we  muft  make 

f T • • -r 

g = — . When  this  obtains  at  S,  the  addon  at  N 
^ . fr' 

will  be  had  by  putting—  in  place  of g in  the  formula 

f ^ ^ ■ f'ye. 

— ',  and  this  will  give  us-'.  — - for  the 

0-  . . ^ 
force  repelling  a particle  at  N. 

When  the  tendency  to  efflux  or  influx  is  induced  in  *1 
this  manner,  by  a due  proportion  of  the  redundancy  and 
deficiency  of  cledlric  fluid,  the  part  of  the  body  where 
this  obtains  is  by  no  means  in  its  natural  ftate,  and  may 
contain  either  more  or  kfs  than  its  natural  quantity. 

But  it  neither  adls  like  an  overcharged,  nor  like  an  un- 
dercharged body,  and  may  therefore  be  called  neu- 
tral. The  reader  who  is  converfant  with  eledlrlcal 
experiments,  will  recolledl:  numberlefs  inftances  of  this, 
and  will  alfo  recoiled):  that  they  are  important  ones. 

Such,  for  example,  is  the  cafe  with  the  plates  and  co- 
vers of  the  eledtrophorus.  Thefe  circumftances,  there- 
fore, claim  particular  attention. 

As  the  quantities  f and  v may  befo  chofen,  that  the 
apparatus  fnall  be  neutral,  either  at  S or  at  N;  they  may 
likewife  be  fo,  that  either  end  fhall  exhibit  either  the 
appearance  of  redundancy  or  deficiency.  Thus,  inftead  of 
neutrality  at  N,  Vv-e  may  have  repulfion,  as  at  the  firft, 

fr 

by  making^  lefs  in  any  degree  than-d-^.  If,  on  the 

f r ^ 

contrary,^  be  greater  than-^,theextremity  N,  though 

overcharged,  will  attradi:  fluid.  In  like  manner,  if  g 
fr' 

be  lefs  than-' — , the  extremity  S,  although  underchar- 
ged, will  repel  fluid.— We  may  make  the  following  ge- 
neral remarks. 

1.  Both  extremities  N and  S cannot  be  neutral  at  Both  ends 
the  fame  time  : for  fince  the  neutrality  arifes  from  the  cannot  be 
increafed  quantity  of  redundancy  or  deficiency  at  the  neutral  at 
other  extremity,  fo  as  to  compenfate  for  its  greater  di-®“'^®* 
ftance,  the  adlivity  of  that  extremity  muft  be  propor- 
tlonably  greater  on  the  fluid  adjoining  to  its  lurface, 
whether  externally  or  internally.  When  an  overcharged 
extremity  is  rendered  neutral,  the  other  extremity  at- 

tradls  fluid  more  ftrongly  ; and  when  a deficient  extre- 
mity is  rendered  neutral,  the  other  repels  fluid  more 
ftrongly.  All  thefe  elementary  corollaries  will  be  fully 
verified  afterwards,  and  give  clear  explanations  of  the 
molt  curious  phenomena. 

2.  V/ehave  been  fuppofing,  that  the  redundant  fluid 
is  uniformly  fpread,  and  that  the  body  is  divided  into 
equal  portions  ; but  this  was  merely  to  fimplify  the 
procedure  and  the  formulte.  The  reader  muft  fee,  that 
the  general  conclufions  are  not  affedled  by  this,  and 
that  fimilar  formula  wdll  be  obtained,  whatever  is  the 
dirpofition  of  the  fluid.  We  cannot  tell  in  what  man- 
ner the  redundant  fluid  Is  difpofed,  even  in  a body  of 
the  fimpleft;  form,  till  we  know  what  is  the  variation  of 
its  attra»ftion  and  repulfion  by  a change  of  diitance  ; and 
even  when  this  has  been  difeovered,  wc  find  it  difficult 
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in  moil  cafes,  and  impoffible  in  many,  to  afcertain  the 
mode  of  diflribution.  We  fhall  learn  it  in  fome  im- 
portant cafes,  by  means  of  various  phenomena  judi- 
cioufly  feleded. 

A body  may  be  confidered  In  many  divifions,  in  fome 
of  which  the  fluid  is  redundant,  and  in  others  deficient. 
We  may  exprefs  the  repulflon  of  the  whole  of  this  body 
in  the  fame  way  as  we  exprefs  that  of  a body  confidered 
in  two  divifions,  ufing  the  letters  f,  g,  hy  &c.  to  exprefs 
the  quantities  of  redundant  or  deficient  fluid  in  each 
portion,  while  Q_  ex prefles  the  quantity  neceflary  for  fa- 
turating  each  of  them  ; and  the  repulfion  at  different 
diftances  may  be  expreffed  by  r,  /,  r",  r"*,  &c.  as 
they  are  more  and  more  remote  ; and  we  may  ex- 
prefs their  adtion  as  attradlive  or  repulfive  by  prefix- 
ing the  fign  -f-  or  — , Thus  the  attradlion  may  be 

&c. 

Having  obtained  the  expreflions  of  the  invlfible  ac- 
tions of  eledfrified  bodies  on  the  fluid  within  them,  or 
furrounding  them,  let  us  now  confider  their  fenfible  ac- 
tions on  other  bodies,  producing  motion,  or  tendencies 
to  motion. 

Here  it  Is  obvious,  that  the  mechanical  phenomena 
exhibited  are  what  may  be  called  remote  effects  of  the 
adting  forces.  The  immediate  effedts,  or  the  mutual 
addons  of  the  particles  are  not  obferved,  but  hypothe- 
tically inferred.  The  tangible  matter  of  the  body  is 
put  in  motion,  in  confequence  of  its  connedtion  with 
the  fluid  refiding  in  the  body,  which  fluid  is  the  only 
fubjedt  of  the  adlion  of  the  other  body. 

In  confidering  thefe  phenomena,  we  fhall  content 
ourfelves  with  a more  general  view  of  the  adlions  which 
take  place  between  the  fluid  or  tangible  matter  of  the 
one  body,  and  the  fluid  or  matter  of  the  other,  fo  as  to 
gain  our  purpofe  by  more  Ample  formulas  than  thofe  hi- 
therto employed.  They  were  premifed,  however,  be- 
caufe  we  muji  have  recourfe  to  them  on  many  very  im- 
portant particular  occafions. 

Let  there  be  two  bodies,  A and  B,  in  their  natural 
ftate.  Let  the  tangible  matter  In  A be  called  M,  and 
let  the  fluid  neceflary  for  its  faturation  be  called  F,  and 
let  m and  f be  the  tangible  matter  and  the  fluid  in  B. 
J.et  the  mutual  adtion  between  a Angle  particle  of  fluid 
and  the  matter  neceffary  for  its  faturation  be  expreffed 
by  the  intermediate  fymbol  ss,  becaufe  it  varies  by  a 
change  of  diftance. 

The  adlions  are  mutual  and  equal.  Therefore  when 
the  motion  of  B by  the  adtion  of  A is  determined,  the 
motion  of  A is  alfo  afcertained.  We  fhall  therefore  on- 
ly confider  how  A is  affedled.  i.  Every  particle  of 
fluid  in  A tends  toward  every  particle  of  matter  in  B 
with  the  force  z.  The  whole  tendency  of  A toward 
B may  therefore  be  expreffed  by  z,  multiplied  by  the 
produdt  F and  m,  2.  Every  particle  of  fluid  in  A 
is  repelled  by  every  particle  of  fluid  in  B,  with  the  fame 
force  %.  3.  Every  particle  of  matter  in  A is  attradled 

by  every  particle  of  fluid  in  B,  with  the  fame  force. 
We  may  exprefs  this  more  purely  and  briefly  thus; 

1.  F tends  tonvardm  with  the  force  F s 

2.  F tends  from  f with  the  force  — Y f ^ 

3.  M tends  toward f with  the  force  My  » 

Therefore  the  fenfibls  tendency  of  A to  or  from  B will 


I c I T Y. 

be  = z X F f — F/.  But,  by  the  hypothefis, 
the  attradlion  of  a particle  of  the  fluid  in  A for  a par- 
ticle of  the  matter  in  B,  is  equal  to  its  repulfion  for  the 
particle  or  parcel  of  the  fluid  attached  or  competent  to 
that  particle  of  matter.  Therefore  the  attradlion  Y m% 
is  balanced  by  the  repulfion  Y f %.  Therefore  there  re- 
mains the  attradlion  of  the  matter  in  A for  the  fluid  in 
B unbalanced,  and  the  body  A will  tend  toward  the 
body  B with  the  force  M/  or  B attradls  A with  the 
force  My  z.  A muft  therefore  move  toward  B.  And, 
by  the  3d  law  of  motion,  B muft  move  toward  A with 
equal  force. 

But  the  fadl  is,  that  no  tendency  of  any  kind  is  ob- 
ferved between  bodies  in  their  natural  ftate.  The  hy- 
pothefis, therefore,  is  not  complete.  If  we  abide  by  it, 
as  far  as  It  is  already  expreffed,  we  muft  farther  fuppofe, 
that  there  is  fome  repulfive  force  exerted  between  the 
bodies  to  balance  the  attradlion  of  M for  f.  Mr  aEpi- 
nus,  therefore,  fuppofes,  that  every  particle  of  tangible 
matter  repels  another  particle  as  much  as  it  attradls  the 
fluid  neceffary  for  its  faturation.  The  whole  adlion  of 
B on  A will  now  be=:»  xFot  — Y f — M ot-J-M  f. 
F ?«  2;  is  balanced  by  Fy  a,  and  M m s;  by  My  z,  and 
no  excefs  remains  on  either  fide. 

jEpinus  acknowledges,  that  this  circumftance  appear- 
ed to  himfelf  to  be  hardly  admiffible  ; it  feeming  incon- 
ceivable, that  a particle  in  A lhall  repel  a particle  in  B, 
or  tend  from  it,  eledlrically,  while  it  attradls  it,  or  tends 
toward  it,  by  planetary  gravitation.  We  cannot  con- 
ceive this ; but  more  attentive  confideratlon  flrewed 
him,  that  there  is  nothing  in  it  contrary  to  the  obferved 
analogy  of  natural  operations.  We  muft  acknowledge, 
that  we  fee  innumerable  inftances  of  inherent  forces  of 
attradlion  and  repulfion  ; and  nothing  hinders  us  from 
referring  this  lately  dlfcovered  power  to  the  clafs  of  pri- 
mitive and  fundamental  powers  of  nature.  Nor  is  there 
any  difficulty  in  reconciling  this  repulfion  with  univer- 
fal  gravitation  ; for  while  bodies  are  in  their  natural 
ftate,  the  eledlric  attradlions  and  repulfions  precifely  ba- 
lance each  other,  and  there  is  nothing  to  difturb  the 
phenomena  of  planetary  gravitation  ; and  when  bodies 
are  not  in  their  natural  eledlrical  ftate,  it  is  a fact  that 
their  gravitation  is  difturbed.  Although  we  cannot 
conceive  a body  to  have  a tendency  to  another  body, 
and  at  the  fame  time  a tendency  from  it,  when  we  de- 
rive our  notion  of  thefe  tendencies  entirely  from  ou«r 
ov/n  confcioufnefs  of  effort,  endeavour,  conatus,  nifus  ac- 
cedendi  feu  recedendi,  nothing  is  more  certain  than  that 
bodies  exhibit  at  once  the  appearances  which  we  endea- 
vour to  exprefs  by  thefe  words.  We  can  bring  the 
north  poles  of  two  magnets  near  each  other,  in  which 
cafe  they  recede  from  each  other  ; and  if  this  be  pre- 
vented by  fome  obftacle,  they  prefs  on  this  obftacle,  and 
feem  to  endeavour  to  feparate.  If,  while  they  are  In 
this  ftate,  we  eledlrify  one  of  them,  we  find  that  they 
will  now  approach  each  other;  and  we  have  a diftind 
proof  that  both  tendencies  are  in  adlual  exertion  by  va- 
rying their  diftances,  fo  that  one  or  other  force  may 
prevail ; or  by  placing  a third  body,  which  fhall  be  af- 
fecled  by  the  one  but  not  by  the  other,  &c.  We  do 
not  underftand,  nor  can  conceive  in  the  lea  ft,  how  ei- 
ther force,  or  how  gravity,  refides  in  a body  ; but  the 
effedls  are  paft  contradidlion.  It  muft  be  granted, 
therefore,  that  this  additional  circumftance  of  .^pinus^s 
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hypothefis  has  nothing  in  it  that  is  repugnant  to  the 
obferved  phenomena  of  nature. 

iV".  £.  It  is  not  neceflary  to  fuppofe  (although  Mr 
Spinas  does  fuppofe  it),  that  every  atom  of  tangible 
matter  repels  every  other  atom.  It  will  equally  explain 
all  the  phenomena,  if  we  fuppofe  that  every  particle 
contains  an  atom  or  ingredient  having  this  property, 
and  that  it  is  this  atom  alone  which  attradls  the  parti- 
cles of  eledrical  fluid.  The  material  atoms  having 
this  property,  and  their  correfponding  atoms  of  fluid, 
may  be  very  few  in  comparifon  with  the  number  of 
atoms  which  compofe  the  tangible  matter.  Their  mu- 
tual fpecific  adion  being  very  great  in  comparifon  with 
the  attradion  of  gravitation  (as  we  certainly  obferve  in 
the  adion  of  light),  all  the  phenomena  of  eledricity 
will  be  produced  without  any  fenflble  effed  on  the  phe- 
nomena of  gravitation,  even  although  neither  the  elec- 
tric fluid  nor  its  ally,  this  ingredient  of  tangible  matter, 
fhould  not  gravitate.  But  this  fuppofition  is  by  no 
means  neceffary. 

Since  we  call  that  the  natural  eledrical  ftate  of  bo- 
dies in  which  they  do  not  affed  each  other,  and  the 
hypothetical  powers  of  the  fluid  are  accommodated  to 
this  condition,  we  may  confider  any  body  that  has 
more  than  its  natural  quantity  as  confifting  of  a quan- 
tity of  matter  faturated  with  fluid,  and  a quantity  of 
redundant  fluid  fuperadded  ; and  an  undercharged  body 
may  be  confldered  as  confifting  of  a quantity  of  matter 
fuperadded.  The  faturated  matter  of  thefe  two  bodies 
will  be  totally  inadive  on  another  body  in  its  natural 
ftate,  and  will  neither  attrad  nor  repel  it,  nor  be  at- 
traded  nor  repelled  by  it ; therefore  the  adion  of  the 
overcharged  body  will  depend  entirely  on  the  redundant 
fluid  ; and  that  of  the  undercharged  body  will  depend 
entirely  on  the  redundant  matter  ; therefore  we  need 
only  confider  them  as  confifting  of  this  redundant  fluid 
or  matter,  agreeably  to  what  was  faid  in  more  vague 
terms  in  n°  lo.  and  13.  This  will  free  us  from  the 
complicated  formulae  which  would  otherwife  be  necef- 
fary for  exprefling  all  the  adions  of  the  fluid  and  tan- 
gible matter  of  two  bodies  on  each  other.  The  refults 
will  be  fufficiehtly  particular  for  diftinguiftiing  the  fen- 
flble adion  ofdiodies  in  the  chief  general  cafes  ; but  in 
fome  particular  and  important  cafes,  it  is  abfolutely  ne- 
celTary  to  employ  every  term. 

1.  Suppofe  two  bodies  A and  B,  containing  the 

quantities  F'  and  /'  of  redundant  fluid,  it  is  plain  that 
their  mutual  adion  is  exprelfed  by  F/  X and 

that  it  is  a repulfion  ; for  fince  every  particle  of  redun- 
dant fluid  in  A repels  every  particle  of  redundant  fluid 
in  B with  the  force  z ; and  lince  F'  and  /'  are  the  num- 
bers of  fuch  particles  in  each,  the  whole  repulfion  muft 
be  exprefl'ed  by  the  produd  of  thefe  numbers. 

2.  In  like  manner,  tw'o  bodies  A and  B,  containing 
the  redundant  matter  M'  and  m',  will  repel  each  other 
with  the  force  M'  w'  z. 

3.  And  two  bodies  A and  B,  one  of  which  A con- 
tains the  redundant  fluid  F',  and  the  other  B contains 
the  redundant  matter  m',  will  attrad  each  other  with 
the  force  F m'  z. 

4.  It  follows  from  thefe  premifes,  that  if  either  of 
the  bodies  be  in  its  natural  ftate,  they  will  neither  at- 
trad nor  repel  each  other  ; for,  in  fuch  a cafe,  one  of 
the  fadors  F',  or  or  M',  or  m' t which  is  iiecefl'ary 
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for  making  a produd,  is  wanting.  This  may  be  per- 
ceived independent  of  the  mathematical  formula  ; for  if 
A contain  redundant  fluid,  and  B be  in  its  natural 
ftate,  every  particle  of  the  redundant  fluid  in  A is  as 
much  repelled  by  the  natural  fluid  in  B as  it  is  attradcd 
by  the  tangible  matter. 

The  three  firft  propofltions  agree  perfedly  with  the  Seeming 
known  phenomena  of  eledricity ; for  bodies  repel  paradox- 
each  other,  whether  both  are  pofitlvely  or  both  are 
negatively  eledrified,  and  bodies  always  attrad  each 
other  when  the  one  is  pofitively  and  the  other  negative- 
ly eledlrified.  But  the  fourth  cafe  feems  very  incon- 
fiftent  with  the  moft  familiar  phenomena.  Dr  Frank- 
lin and  all  his  followers  aftert,  on  the  contrary,  that 
eledrified  bodies,  whether  pofitlve  or  negative,  alv/ays 
attrad,  and  are  attraded,  by  all  bodies  which  are  in 
their  natural  ftate  of  eledricity.  But  it  will  be  clearly 
(hewn  prefently,  that  they  are  miftaken,  and  that 
Franklin’s  theory  neceffarily  fuppofes  the  truth  of  the 
fourth  propofition,  otherwife  two  bodies  in  the'r  na- 
tural ftate  could  not  be  neutral  or  inadive,  as  any  one 
may  perceive  on  a very  flight  examination  by  the 
Frankllnian  principles.  It  will  prefently  appear,  with 
the  fulleft  evidence  ; and,  in  the  mean  time,  we  proceed 
to  explain  the  adion  of  bodies  which  are  overcharged 
in  fome  part,  and  undercharged  in  another.  js 

Let  the  body  B (fig.  4.)  be  overcharged  in  the  part  AAion  of 
B n,  and  undercharged  In  the  part  B j,  and  let  f and  a body  ha- 
m'  be  the  redundant  fluid  and  common  matter  in  thofe 
parts ; let  A be  overcharged,  and  contain  the  redun- 
dant  fluid  F' ; let  2;  and  z'  exprefs  the  intenfity  of  ac-  pofed. 
tion  correfponding  with  the  diftances  of  A from  the 
overcharged  and  undercharged  parts  of  B ; the  part 
B n repels  A with  the  force  F'  f'  z,  while  the  partB  j- 
attracts  it  with  the  force  F' z : A will  therefore  be 
attracted  or  repelled  by  B,  according  as  F m'  z'  is 
greater  or  lefs  than  F*y'  z' ; that  is,  according  as  m'  z' 
is  greater  or  lefs  than  f z.  This,  again  depends  on 
the  proportion  of/'  to  w/,  and  on  the  proportion  of 
% to  z’.  The  firft  depends  on  many  external  circum- 
ftances,  which  may  occafion  a greater  or  lefs  redundan- 
cy or  deficiency  of  eledrical  fluid ; the  fecond  de- 
pends entirely  on  the  law  of  eledric  attradion  and  re- 
pulfion, or  the  change  produced  in  Its  intenfity  by  a ^ 

change  of  diftance.  As  we  are,  at  prefent,  only  aim- 
ing at  very  general  notions,  it  is  enough  to  recoiled, 
that  all  the  eledric  phenomena,  and  indeed  the  general 
analogy  of  nature,  concur  in  (hewing  that  the  intenfity 
of  both  forces  (attradion  and  repulfion)  decreafes  by 
an  increafe  of  diftance  ; and  to  combine  this  with  that 
circumftance  of  the  hypothefis  which  dates  the  repul- 
fion  to  be  equal  to  the  attradion  at  the  fame  diftance ; 
therefore  both  forces  vary  by  the  fame  law,  and  we  have 
z always  greater  than  z'.  The  vifi'ble  adion  of  B on 
A (which,  by  the  3d  law  of  motion,  is  accompanied  by 
a fimilar  adion  of  A on  B)  may  be  various,  even  with 
one  pofitton  of  B,  and  will  be  changed  by  changing 
this  pofition. 

I.  We  may  fuppofe  that  B contains,  on  the  whole,  Cafes  of 
its  natural  quantity,  but  that  part  of  it  is  abftraded  fenfible  rc- 
from  B /,  and  is  crowded  into  B ».  This  is  a very  pulfioii, 
common  cafe,  as  we  (hall  fee  prefently,  and  it  will  be 
exprelfed  in  our  formula  by  making  f = m' . In  this 
cafe,  therefore,  we  have  Y'  f % greater  than  F' m'  z, 

becaufe 
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of  attract- 
tion. 


becaufe  * is  gpeaifsr  than 
pelled  by  B,  and  will  repel  it ; and  the  repulfion  will  be 

p f'  y ' z—^. 

It  is  evident,  that  if  A be  placed  on  the  other  fide 
of  B,  the  appearances  will  be  reverfed,  and  the  bodies 

will  attract  each  other  with  the  force  F'  /'  X z— 

It  is  alfo  plain,  that  if  A be  as  much  undercharged 
as  we  have  fuppofed  it  overcharged,  all  the  appearance 

_._;n  . IC  iinr^prrh:jrcrf=r1  /irlp  of 
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A will  therefore  be  re-  with  great  eafe,  all  the  curious  phenomena  of  theelcc- 


trophorus. 

There  is  another  circnmftance  to  be  attended  to  here,  Neutrality 
which  wall  alfo  explain  fome  eledtrical  appearances  that  generally 
feem  very  puzzliag.  V/e  limited  the  inadfivity  of  B 
to  a certain  piecife  diftance  of  the  body  A,  This  in 

f ^ 

adlivity  required  that  m'  fhould  be  =:A_ 


If  A 


precife  dif- 
tance. Ini- 
, portant  in- 
^ formation 


and  are  increafed. 


nave  luppoiea  it  ovei mm.  g.u,  a.*  brought  nearer,  both 

will  be  reveriea  ; if  on  the  un  .ere  arge  u.  e ^ increafed  in  the  fame  proportion,  the  value  of 
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will  be  repelled  ; and  if  on  the  overcharged  fide  of  B,  it 
will  be  attradled. 

- If  the  redundancy  and  deficiency  in  the  two  por- 
tions ; f B be  inverfely  proportional  to  the  forces,  fo 
that  F'  we  fhall  have  f’zzz  m'  z',  and  n/ 

cthci-j  and  A is  neither  attradled  nor  repelled  when  at 
this  nrecife  diftance  from  the  overcharged  fide  of  B. 
B may  be  faid  to  be  neutral  with  refpedt  to  A,  al- 
though A and  the  adjoining  fide  of  B are  both  over- 
char.y 

.uiit  A be  placed  at  the  fame  diftance  on  the  other 
fide  )f  B,  the  effedf  will  be  very  different:  For  be- 

fP  ^ 

~ — and  m'  %’  is  now  changed  into  m'  %,  and 
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f s into  f z',  we  have  the  aflion  on  A = F'  X 


./'  z>)y  =;¥'/'  X 


z 


that  is,  A is  ftrongly 


— will  be  the  fame  as  before,  and  the  body  A will  nei- 

ther  be  attracted  nor  repelled  at  this  new'  diftance. 
But  if  z increafe  fafter  than  a',  we  firall  have  f z great- 
er than  m'  z' t and  A will  be  repelled  ; and  if  z increafes 
more  flowly  than  z’^  A will  be  attra.fted  by  bringing 
it  nearer.  The  contrary  efiefts  will  be  obferved  if  A 
be  removed  farther  from  the  overcharged  end  of  B. 
This  explains  many  curious  phenomena ; and  thofe  phe- 
nomena beceme  inftru&ive,  becaufe  they  enable  us  to 
difeover  the  Jaw  of  eledric  adion,  by  fiiewing  us  the 
manner  in  which  it  diminifhes  by  a change  of  diftance. 
Eledricians  cannot  but  recoiled  many  inftances,  in 
which  the  motion  of  the  eledrorneter  appeared  very  ca- 
pricious. The  general  fad  is,  that  wFen  an  overchar- 
ged pith  ball  is  fo  fimated  near  tlie  overcharged  fide  of 
the  eledrophorus  as  to  be  neutral,  it  Is  repelled  when 
brought  nearer,  but  attraded  when  removed  to  a great- 
er diftance.  This  fhews  that  z increafes  fafter  than  z* 
when  A is  brought  nearer  to  B.  Now,  fince  the  bo- 
dies may  be  again  rendered  neutral  at  a greater  diftance 
than  before,  and  the  fame  appearances  are  ftUl  obferved. 


attraded. 

In  like  manner,  /'  and  m'  may  be  fo  proportioned, 

that  when  A,  containing  redundant  fluid,  is  placed  near  it  follows,  that  the  law  of  adion  is  fuch,  that  every  di- 
the  undercharged  end  of  s B,  it  fhall  neither  be  attrad-  minution  of  diftance  caufes  z to  increafe  fafter  than  z', 
ed  nor  repelled,  B becoming  neutral  with  regard  to  A We  fhall  find  this  to  be  valuable  information, 
at  that  precife  diftance.  For  this  purpofe  m'  muft  be  Let  us,  in  the  laft  place,  inquire  into  the  fenfible  ef-  Adion 

f , , /•  j-n  fed  on  A when  it  alfo  is  partly  overcharged  and  part  the 

~ “•  And  if  A be  now  placed  at  the  fame  diftance  jy  m-,dercharged.  This  is  a much  more  complicated 

on  the  other  fide  of  B,  it  will  be  repelled  with  the  force 
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Thus,  when  the  overcharged  end  is  rendered  neutral 
to  an  overcharged  body,  the  other  end  ftrongly  attrads 
it ; and  when  the  undercharged  end  is  rendered  neutral 
to  the  fame  body,  the  overcharged  end  ftrongly  repels  it. 

Similiar  appearances  are  exhibited  when  A is  under- 
charged. 

Thefe  cafes  are  of  frequent  occurrence,  and  are  im- 
portant, as  w'ill  appear  afterwards. 

It  is  eafy  now  to  fee  what  changes  will  be  made  oti 
the  adion  of  B on  A,  by  changing  the  proportion  of 

f z 

f ’ and  m'.  lim'  hz  made  greater  than  , A will  be 

attraded  in  the  fituation  where  It  was  formerly  neutral ; 
and  if  m'  be  made  lefs,  A will  be  repelled,  &c.  &c* 
Therefore,  when  we  obferve  B to  be  neutral,  or  at- 
tradive,  or  repulfive,  we  muft  conclude  that  m'  is  equal 

to  or  greater  or  lefs  than  it, 
z 

We  have  been  thus  minute,  that  the  reader  may  per- 
ceive the  agreement  between  this  adion  on  a body  con- 
taining redundant  fluid,  and  the  adion  on  the  faperfi 
cial  fluid  formerly  confidered  in  no®  21,  22,  23,  24. 
When  thefe  things  are  attended  to,  we  fhall  explain, 


ly  undercharged,  c ^ 

cafe,  and  is  fufceptible  of  great  variety  of  external  ap- 
pearances,  according  to  the  degrees  of  redundancy  and  both  bo- 
deflciency,  and  according  to  the  kind  of  eledriaity  (po-  dies, 
fitivs  or  negative)  of  the  ends  which  front  each  other. 


Firft-,  then,  let  the  overcharged  end  of  A (fig.  5.) 
front  the  undercharged  end  of  B,  they  being  overchar- 
ged in  N and  buc  undercharged  in  S and  j.  Let  F 
and  /"be  the  quantity  of  fluid  natural  to  each  ; and  let 
F'  and  f be  the  redundancy  in  N and  «,  and  M'  and  m' 
the  deficiency  in  S and  /.  Moreover,  let  Z and  Z'  re- 
prefent  the  intenfity  of  adions  of  a particle  in  N on  a 
particle  in  n and  5 ; and  let  z and  a’  reprefent  the  ac- 
tions of  a particle  in  S on  a particle  in  n and  in  j } or, 
in  other  words,  let  Z,  Z',  «,  s',  reprefent  the  intenfity 
of  adion  between  particle  and  particle,  correfponding 
to  the  diftances  N /,  N «,  Sr,  S n. 

Proceeding  in  the  fame  manner  as  in  the  former  ex- 
amples, we  eafily  fee,  that  the  adion  of  B on  A is  s 
Z — • ¥'  f Z’  — m'  z -f  z\ 
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F/ 


the  attrac- 


tions are  confidered  as  pofitive  quantities,  having  the 
fign  4-  prefixed  to  them,  and  the  repulfions  are  nega- 
tive, having  the  fign  — . 

This  adion  will  be  either  attradivc  or  repulfive,  ac- 
cording as  the  fum  of  the  firft  and  laft  terms  of  the  nu- 
merator exceeds  or  falls  fhort  of  the  fum  of  thefecond 
and  third : And  the  value  of  each  term  will  be  greater 

or 
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orlefs,  according  to  the  quantit7  of  redundant  fluid  and 
matter,  and  alfo  according  to  the  intenflcy  ot  the  elec-, 
trie  adiion.  It  would  require  feveral  pages  to  ftate  all 
thofe  poffible  varieties.  We  fhall  therefore  content 
ourfelvesat  prefen^t  with  dating  the  finipleft  cafe  ; be- 
caufe  a clear  conception  of  this  will  enable  the  reader 
to  form  a pretty  diftindl  notion  of  the  other  poffible 
cafes  ; and  alfo,  becaufe  this  cafe  is  very  frequent,  and 
is  the  mod:  ufeful  for  the  explanation  of  phenomena. 

We  fnall  fuppofe,  that  the  redundant  part  of  each 
body  is  juft  as  much  overcharged  as  the  deficient  part 
is  undercharged  ; fo  that  F'  =r  M',  andy'  = mb  In  this 


651 


cafe,  the  formula  becomes 


Ufeful  re- 
prefenta- 
tion  of  the 
mutual 
forces  by 
ordinates  to 
a curve. 


F/ 


45 

General 
chara<51:er 
of  the  fcale 
of  eleiSric 
force. 


Here  we  fee  that  the  fenfible  or  external  effed  on 
A depends  entirely  on  the  law  of  eledric  adion,  or  the 
variation  of  its  intenfity  by  a change  of  diftance.  If 
the  fum  of  Z and  exceed  the  fum  of  Z'  and  z,  A 
will  be  attraded ; but  if  Z -f-  2'  be  lefs  than  Z'  -{-  z, 
A will  be  repelled.  This  circumftance  fuggefts  to  us  a 
very  perfpicuous  method  of  expreffing  thefe  adions  be- 
tween particle  and  particle,  fo  that  the  irgagination 
fhall  have  a ready  conception  of  the  circumftance  which 
determines  the  external  complicated  effed  of  this  inter- 
nal adion.  This  will  be  obtained  by  ineafuring  off 
from  a fixed  point  of  a ftraight  line  portions  refpedive- 
ly  equal  to  the  diftances  N r,  N «,  S s,  and  S n,  between 
the  points  of  the  two  bodies  A and  B,  where  we  fup- 
pofe the  forces  of  the  redundant  fluid  and  redundant 
matter  to  be  concentrated,  and  ered  ordinates  having 
the  proportion  of  thofe  forces.  If  the  law  of  adion  be 
known,  even  though  very  imperfedly,  we  (hall  fee, 
with  one  glance,  of  which  kind  the  movements  or  ten- 
dencies of  the  bodies  will  be.  Thus,  in  fig.  5.  draw- 
ing the  line  C 2,  take  C />  = N j,  C 5-  = N 72,  C r — S j, 
and  C / = S «,  and  ered  the  ordinates  P p,  Q^,  R r, 
and  T t.  If  the  eledric  adion  be  like  all  the  other 
attradions  and  repulfions  which  v/e  are  familiarly  ac- 
quainted with,  decreafing  with  an  increafe  of  diftance, 
and  decreafing  more  flowly  as  the  diftances  are  greater, 
thefe  ordinates  will  be  bounded  by  a curve  PQRTZ, 
which  has  its  convexity  turned  toward  the  axis.  We 
fhall  prefently  get  full  proof  that  this  is  the  cafe  here  ; 
but  we  premife  this  general  view  of  the  fubjed,  that 
we  may  avoid  the  more  tedious,  but  more  philofophical, 
procefs  of  deducing  the  nature  of  the  curve  from  the 
phenomena  now  under  confideration. 

This  conftrudion  evidently  makes  the  pair  of  ordi- 
nates P pi  equidiftant  with  the  pair  P..  r,  T t. 

Alfo,  P/>,  R r,  and  Q^q,  T are  equidiftant  pairs.  It 
is  no  lefs  clear,  that  the  fum  of  P /»  and  T t,  exceeds 
the  fum  of  and  R r.  For  if  C 2 be  bifeded  in  V, 
and  V be  drawn  perpendicular  to  it,  cutting  the 
ftraight  lines  PT  and  Q_R  in  x and  y,  then  x is 
the  half  fum  of  P^  and  T /,  and  y v is  the  half  fum 
of  (y  5’  and  R r.  Moreover,  if  m and  T n are 
drawn  parallel  to  the  bafe,  w'e  fee  that  P m exceeds 
Pv.r  ; and,  in  general,  that  if  any  pair  of  equidiftant  or- 
dinates are  brought  nearer  to  C,  tlieir  difference  increa- 
fes,  and  vice  verfa.  Alfo,  if  two  pairs  of  eq  ndiftant 
ordinates  be  brought  nearer  to  C,  each  pair  by  the 
fame  quantity,  the  difference  of  the  neareft  pair  will  in- 
creafe more  than  the  difference  of  the  mere  remote 
pair.  And  this  will  hold  true,  although  the  fii  ft  of  the 
remote  pair  fhould  ftand  between  the  two  ordinates  of 
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the  firft  pair.  If  the  reader  will  take  the  trouble  of 
confidering  thefe  Ample  confequences  with  a little  at- 
tention, he  will  have  a notion  of  all  the  effeffs  that  are 
to  be  expeifted  in  the  mutual  aftions  of  the  two  bodies, 
fufficiently  precife  for  our  prefent  purpofe.  We  fhall 
give  a much  more  accurate  account  of  thefe  mathema- 
tical truths  in  treating  the  article  Magnetism,  where 
precifion  is  abfolutely  neceffary,  and  where  it  will  be 
attended  with  the  greateft  fuccefs  in  the  explanation  of 
phenomena. 

Now  let  us  apply  this  to  our  prefent  purpofe,  Firjl, 
then,  When  the  overcharged  end  of  A is  turned  to- 
ward the  undercharged  end  of  B,  A muft  be  attraded  ; 
for  P^  T f is  greater  than  -ft  R t'- 

Secondly,  This  attradion  muft  increafe  by  bringing 
the  bodies  nearer  ; for  this  will  increafe  the  difference 
between  P m and  R n. 

'Thirdly^  The  attradion  will  increafe  by  increafing 
the  length  either  of  A or  of  B (the  diftance  Nj  re- 
maining the  fame)  ; for  by  increafing  the  length  of  A, 
which  is  reprefented  by^  r or  q t,  R r is  more  diminifh- 
ed  than  T ^ is.  In  like  manner,  by  increafing  B,  whofe 
length  is  reprefented  by  p q ox  r t,  we  diminifh  Q^q 
more  than  T t. 

On  the  other  hand,  if  the  overcharged  end  of  B front  ufe  of  this 
the  overcharged  end  of  A,  their  mutual  adion  will  be  piAnre  of 
r'/'(-P/>  + Q.?+R  r — T / ) , the  forew. 

F7~~ 

and  A will  be  repelled,  and  the  repulfion  will  Increafe 
or  diminifli,  by  change  of  diftance  or  magnitude,  pre- 
cifely  in  the  fame  manner  that  the  attradions  did.  It 
is  hardly  neceffary  to  obferve,  that  all  thefe  confe- 
quences will  refult  equally  from  bringing  an  apparatus 
fimllar  to  that  reprefented  in  fig.  3.  near  to  another  of 
the  fame  kind  ; and  that  they  will  be  various  according 
to  the  pofition  and  the  redundancy  or  deficiency  of  the 
two  parts  of  each  apparatus.  _ 

If  the  body  B of  fig.  5,  is  not  at  liberty  to  approach  Curious 
toward  A,  nor  to  recede  from  it,  and  can  only  turn  phenomena 
round  its  centre  B,  it  will  arrange  itfelf  in  a certain 
determinate  pofition  with  refped  to  that  of  A.  For 
example,  if  the  centre  B (fig.  7.)  be  placed  in  the  line  the  hypo- 
paffing  through  S and  N of  the  body  A,  B will  arrange  thefis  re- 
itfelf  in  the  fame  ftraight  line:  for  if  we  forcibly  give  fembling 
it  another  pofition,  fuch  as  j B w,  N will  attrad  j and  ^^^agnetifm. 
repel  «,  and  thefe  adions  will  concur  in  putting  B into 
the  poiition  B S,  however,  will  repel  / and  at- 
trad  n ; and  thefe  forces  tend  to  give  the  contrary  po- 
fition.  But  S being  more  remote  than  N,  the  former 
forces  will  prevail,  and  B will  take  the  pofition  s'  B n’ . 

If  the  centre  B be  placed  fomewbere  on  the  li:  e 
AD,  drawn  through  a certain  point  of  the  body  NAS 
(which  will  be  determined  afterwards),  at  right  angles 
to  NAS,  the  body  B will  affume  the  pofition  n'  B 
parallel  to  NAS,  but  fubcontrary.  For  if  we  forcibly 
give  it  any  other  pofition  ?i  B s,  it  is  plain  that  N re- 
pels n and  attrads  s,  while  S atlrlds  n and  repels  s. 

Thefe  four  forces  evidently  combine  to  turn  the  body 
round  its  centre,  and  cannot  balance  each  other  till  B 
affume  the  pofition  ;/  B j',  where  n'  is  next  to  S,  and, 
s'  is  next  to  N. 

If  the  centre  of  B have  any  other  fituation,  fuch  as  Form  of 
B',  the  body  will  arrange  itfelf  in  fome  fuch  pofition  the  eledric^ 
as  n'  B'  s' . It  may  be  demonftrated,  that  if  B be  infi- 
nitely  fmall,  fo  that  the  adion  of  the  end  of  A on  each 
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of  its  e.\trejnities  may  be  confidered  as  equal,  B will 
arrange  itfelf  in  the  tangent  BT.’  of  a curve  NB'S, 
fnch  that  if  we  draw  NB',  SB,  and  from  any  point  T 
of  the  tangent  draw  TE  parallel  to  BN,  and  TF  pa- 
rallel  to  B'S,  we  fhall  have  BE  to  BE,  as  the  force  of 
S to  the  force  of  N.  This  arrangement  of  B will  be 
ftill  more  remarkable  and  dihinft  if  N be  an  over- 
charged fphere,  and  S an  undercharged  one,  and  both 
be  infulated.  We  muft  leave  it  to  the  reader’s  reflec- 
tion to  fee  the  changes  which  will  arife  from  the  ine- 
quality of  the  redundancy  and  deficiency  in  A or 
B,  or  both,  and  proceed  to  confider  the  ccnfequences 
01  the  mobility  of  the  electric  fluid.  Thefe  will  remove 
all  the  diflicnlty  and  paradox  that  appears  in  fome  of 
the  foregoing  propofuions. 

Let  the  body  A (fig.  4.)  contain  redundant  fluid, 
and  let  B be  in  its  natural  ftate,  but  let  the  fluid  in  A 
be  fixed,  and  that  in  B perfectly  moveable  ; it  is  evident 
that  the  redundant  fluid  in  A will  repel  the  moveable 
fluid  in  B,  toward  its  remote  extremity  n,  and  leave  it 
fluid  ill  the  undercharged  in  s.  The  fluid  will  be  rarefied  in  s, 
poreiofbo-  and  confiipated  in  n.  We  need  only  confider  the  mu- 
dies.  adtions  of  the  redundant  fluid  and  redundant  mat- 

ter. It  is  plain  that  things  are  now  in  the  fituation 
defcribed  in  n*^  15.  : A muft  be  attracted  by  B,  becaufe 
f = m,  and  z is  greater  than  z'.  The  attradive 
force  is  F'/’  X (2; — »'). 

Bodies  con-  Thus  w”e  fee  that  the  hypothefis  is  accommodated  to 
taining  the  the  phenomena  in  the  cafe  in  which  it  appeared  to  differ 
natural  widely  from  it.  Had  the  fluid  been  immoveable, 

the”natural  mmual  adions  would  have  fo  balanced  each  other 
ftate  at-  external  effeds  would  have  appeared.  But 

tracl  and  now  the  greater  vicinity  of  the  redundant  matter  pre- 
are  attradl-  vails,  A is  attraded  by  B,  and,  the  adions  being  all 
® ’s  attraded  by  A,  and  approaches  it. 

«lks^  have  fuppofed  that  the  fluid  in  A is  immoveable; 

but  this  was  for  the  fake  of  greater  fimplicity.  Sup- 
Andchange  pofe  it  moveable.  Then,  as  foon  as  the  uniform  diftri- 
the  ftate  of  bution  of  the  fluid  in  B is  changed,  and  B becomes  un- 
thofe  bo-  dercharged  at  s,  and  overcharged  at  «,  there  are  forces 
incre^es  on  the  fluid  in  A,  and  .tending  to  change  its 

attraction.  diftribution.  The  redundant  matter  in  S at- 

trads  the  redundant  fluid  in  A more  than  the  more  re- 
mote redundant  fluid  in  « repels  it,  becaufe  z'  is  lefs 
than  z.  Tliis  tends  to  conftipate  the  redundant  fluid 
of  A in  the  nearer  parts,  and  render  N more  redun- 
dant, and  S lefs  redundant  in  fluid  than  before.  It  is 
plain,  that  this  muft  increafe  their  mutual  adion,  with- 
out changing  its  nature.  It  can  be  ftridly  demonftra- 
ted,  that  however  fmall  the  redundancy  in  A may  be, 
it  can  never  be  rendered  deficient  in  its  remote  extre- 
mity by  the  adion  of  the  unequally  difpofed  fluid  in  B, 
if  the  fluid  in  B be  no  more  nor  lefs  than  its  natural 
quantity.  It  is  alfo  plain,  that  this  change  in  the  dif- 
pofition  of  the  fluid  in  A muft  increafe  the  fimilar 
change  in  B.  It  will  be  ftill  more  rarefied  in  j,  and 
condenfed  in  « ; and  this  will  go  on  in  both  till  all 
is  in  equilibrio.  When  things  are  in  this  ftate,  a par- 
ticle of  fluid  in  B is  in  equilibrio  by  the  combined  ac- 
tion of  feveral  forces.  The  particle  B is  propelled  to- 
ward « by  the  adion  of  the  redundant  fluid  in  A.  But 
it  is  urged  toward  S by  the  repulfion  of  the  redundant 
fluid  on  the  fide  of  n,  and  alfo  by  the  attradion  of  the 
redundant  matter  on  the  fide  of  r ; and  the  repulfion 
®f  the  redundant  fluid  in  A muft  be  conceived  as  ba- 


lancing the  united  adion  of  thofe  two  forces  refiding 
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Hence  we  may  conclude,  that  the  denfity  of  the  fluid  General 
in  B v/ill  increafb  gradually  from  s to  «.  It  will  be  ex-  ”°tion  of 
tremely  difficult  to  obtain  any  more  precife  idea  of  its 
denfity  in  the  different  parts  of  B,  even  although  we  of^leArk 
knew  the  law  of  adion  between  fingle  particles.  fluid  in  a 

This  muft  depend  very  much  on  the  form  and  dimen-  body, 
fions  of  B;  for  any  individual  particle  fuftains  thefenfible 
adion  of  all  the  redundant  fluid  and  redundant  matter  in 
it,  lince  we  fuppofe  it  affeded  by  the  more  remote  fluid  in 
A.  All  that  we  can  fay  of  it  in  general  is,  that  the  denfity 
In  the  vicinity  of  s is  lefs  than  the  natural  denfity  ; but  in 
the  vicinity  of  n it  is  greater  ; and  therefore  there  muft 
be  fome  point  between  s and  « where  the  fluid  will  have 
its  natural  denfity.  This  point  may  be  called  a neu-  Neutral 
TRAL  point.  We  do  not  mean  by  this  that  a particle  point, 
of  fuperficial  fluid  will  neither  be  attraded  nor  repelled 
in  this  place.  This  will  not  always  be  the  cafe  (al- 
though it  will  never  hi  greatly  otherwife)  ; nor  will  the 
variation  of  the  denfity  in  the  different  parts  of  B be 
proportional  to  the  force  of  A on  thofe  parts.  Soijie 
eminent  naturalifts  have  been  of  this  opinion  ; and,  hav- 
ing made  experiments  in  which  it  appeared  to  be  other- 
wife,  they  have  rejeded  the  whole  theory.  But  a little 
refledion  will  convince  the  mathematician,  that  the  fum 
of  the  internal  forces  which  tend  to  urge  a particle  of 
fluid  from  its  place,  and  which  are  balanced  by  the  ac- 
tion of  A,  are  not  proportional  to  the  variations  of  den- 
fity, although  they  increafe  and  decreafe  together.  We 
fhall  take  the  proper  opportunity  of  explaining  thofe 
experiments ; and  will  alfo  confider  fome  fimple,  but 
important  cafes,  where  we  think  the  law  of  diftribution 
of  the  fluid  afcertained  with  tolerable  precifion. 

If  we  fuppofe,  on  the  other  hand,  that  A is  under- 
charged, the  redundant  matter  in  A will  attrad  the 
moveable  fluid  in  B,  and  will  abftrad  it  from  the  re- 
mote extremity,  and  crowd  it  into  the  adjacent  extre- 
mity. Moreover,  the  fluid  now  becoming  redundant 
in  the  nearer  extremity  of  B,  will  ad  more  ftrongly  on 
the  moveable  fluid  in  A than  the  more  remote  redundant 
matter  of  B ; and  thus  fluid  will  be  propelled  toward 
the  remote  fide  of  A,  which  will  become  now  under- 
charged in  its  nearer  fide,  and  lefs  undercharged  in  its 
remote  fide  than  if  B were  taken  away.  This  muft  in- 
creafe the  inequability  of  diftribution  of  the  fluid  in  B, 
and  both  will  be  put  farther  from  their  natural  ftate ; 
bur  A will  never  become  overcharged  in  its  remote  ex- 
tremity. 

Things  being  in  this  ftate,  it  is  plain  that  A and  B 
will  mutually  attrad  each  other  in  the  fame  manner, 
and  with  the  fame  force,  as  when  A was  as  much  over- 
charged as  it  is  now  undercharged. 

Thus,  then,  we  fee  how  the  attradion  obtains,  whe-  Eleftric  at>( 
ther  A be  over  or  undercharged.  A fad  which  Di  mofphereis 
Franklin  could  never  explain  to  his  ow’n  fatisfadioo  ; 
nor  will  it  ever  be  explained  confiftently  with  the  ac-  ° 

knowledged  principles  and  obferved  laws  of  mechanics  of  the 
by  any  perfon  who  employs  eledric  atmofpheres  for  this  phenomc- 
purpofe.  It  is  indeed  a fufficient  objedion  to  the  em-  na. 
ployment  of  fuch  eledric  or  other  atmofpheres,  that 
the  fame  extent  of  attradion  and  repulfion  between  the 
particles  of  the  atmofphere  is  neceffary,  as  is  employed 
here  between  the  particles  of  the  fluid  refiding  in  the 
body ; and  therefore  they  ceafe  to  give  any  explanation, 
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It.  Thij  may,  in  like  manner,  produce  a rarefadlon 
farther  on,  followed  bv  another  condenfation  ; and  this 
may  be  frequently  repeated  when  the  obftruflion  is  very 
great,  and  the  repullion  of  the  overcharged  body  very 
great  alfo.  This  can  be  dridtly  demonftrated  infom.every 
fjinple  cafes,  but  the  demonftration  is  very  tedious  ; As 
the  refult,  however,  is  of  the  firfl;  importance  in  the  the- 
ory of  elefli  icity,  and  fervesto  explain  fome  of  the  moll 
abftrufe  phenomena,  w’e  willi  the  reader  to  have  fome 
ilronger  ground  of  confidence  than  the  above  bare  af- 
ferticn.  He  may  obferve  fimilar  effcifis  of  caufes  pre- 
cifely  fimilar.  If  we  dip  the  end  of  a flat  ruler  into 
water,  and  if,  after  allowing  the  water  to  become  per- 
fedly  ilill,  we  move  the  ruler  gently  along  in  a direc- 
tion perpendicular  to  the  face,  we  fliall  obferve  a Angle 
wave  heap  up  before  the  ruler,  and  keep  before  it,  all  the 
refi  of  the  water  before  it  remaining  ftill : but  if  we  do 
the  fame  thing  in  a vefTel  of  clammy  fluid,  efpecially  if 
the  clammy  part  is  fwimining  on  the  furface  of  a more 
perfe£l:  fluid,  like  a cream,  we  ihall  obferve  a feries  of 
fuch  waves  to  curl  up  before  the  ruler,  and  form  before 
it  in  fucceffion  ; and  if  we  have  previoufly  fpotted  the 
furface  of  the  cream,  we  Ihall  fee  that  it  is  not  the  fame 
individual  waves  that  are  pulhed  before  the  ruler,  but 
that  they  are  fuccefllvely  formed  out  of  different  parts 
of  the  furface,  and  that  the  particles  which,  at  one 
time,  form  the  fummit  of  a wave,  are,  immediately  af- 
ter, at  the  bottom,  &c.  In  like  mariner,  w’hen  a cannon 
is  fired  in  clear  air,  at  no  great  diftance,  we  hear  a Angle 
fnap  ; but,  in  a thick  fog,  we  hear  the  fnap  both  pre- 
ceded and  followed  by  a quivering  noife,  refembling 
the  rufhing  of  a fluttering  wind,  which  lafts  perhaps 
half  a fecond.  A flight  refleftion  on  thefe  facts  will  Ihew 
tliat  they  are  neceffary  refults  of  the  mechanical  laws  of 
fuch  obllrudtion. 

The  confequence  of  this  mode  of  adtion  mud  be, 
that  an  imperfedl  condudlor  may  have  more  than  one 
neutral  point,  and  more  than  one  overcharged  and 
undercharged  portion,  fo  that  its  adtion  on  dillant  bo- 
dies  may  be  extremely  various.  The  formula  of  n°  28. 
was  accomodated  to  this  cafe,  and  will  be  found  to 
have  very  curious  refults.  Another  body  may  be  plac- 
ed in  the  diredtion  of  the  axis,  and  will  be  attradled 
at  one  diftance,  repelled  when  this  diftance  is  increafed, 
and  again  attradled  when  at  a ftill  greater  diftance,  See. 
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Suppofe  the  obftrudlion  not  to  be  confiderable  : The 
immediate  operation  of  the  neighbouring  overcharged 
body  will  be  the  produdtion  of  an  undercharged  part  in 
the  adjoining  extremity,  an  overcharged  part  beyond 
this,  an  undercharged  portion  farther  on,  &c.  In  n 
little  v/hile  thefe  will  Ihifc  along  the  condudlor  ; one  af- 
ter another  will  difappear  at  the  farther  end,  and  the 
body  will  have  at  laft  but  one  neutral  point.  A greater 
obftrudlion  wfill  leave  the  body,  finally,  with  more  than 
one  neutral  point,  and  their  ultimate  Bumber  will  be 
greater  in  proportion  as  the  obftrudlion  to  the  fluid’s 
motion  is  fuppofed  greater. 

Now,  let  the  overcharged  body,  the  caufe  of  this  un- 
equal diftribution,  be  removed.  We  have  feen,  n°  17, 
that  when  a body  contains  its  natural  quantity  of  fluid, 
but  unequally  diftributed,  there  is  a force  adling  on 
■every  particle,  and  tending  to  reftore  the  original  equa- 
ble diftribution  ; and  that  fuch  a force  remains  as  long 
as  there  is  any  inequality  in  this  refpedt.  If,  therefore, 


there  be  no  obftrudtion,  the  uniform  diftribution  vrill 
take  place  immediately;  for  it  is  well  known,  that  the 
fpeed  with  which  eledlricity  is  propagated  is  immenfe. 
The  elafticity,  or  the  attradlive  and  repullive  forces, 
mull  be  very  great  indeed  when  compared  with  any 
that  we  know,  except,  perhaps,  the  force  which  impels 
the  particles  of  light.  The  eledlricity,  therefore,  of  a 
perfedl  condudlor,  that  is,  its  power  of  adling  on  other 
bodies  in  the  fame  way  that  an  original  eledlric  adls  on 
them,  muft  be  quite  momentary,  and  ceafe  as  foon  as 
the  inducing  caufe  is  removed.  The  condudlor  is  elec- 
trical merely  in  confequence  of  its  pofition.  Hence 
the  propriety  of  our  denominations.  Nothing  material 
is  fuppofed  in  this  theory  to  be  communicated  from  the 
overcharged  body ; Nay,  this  theory  teaches,  that  the 
fenfible  eledlricity  of  the  overcharged  body  is  augment- 
ed in  fome  refpedls  ; for  it  becomes  more  overcharged 
in  the  part  neareft  to  the  condudlor.  Indeed  it  be- 
comes lefs  overcharged  on  the  other  end,  and  will  adt 
lefs  forcibly  on  that  fide  than  if  the  condudlor  were 
away.  It  may  be  remarked  here  (it  ftiould  have  been 
mentioned  in  n°  55.),  that  when  F is  prefented  in  the 
manner  fhewn  in  flg.  6.  the  body  B becomes  more 
ftrongly  overcharged  at  the  end  remote  from  A,  and 
more  ftrongly  undercharged  at  the  end  next  to  A,  tlian 
when  F is  away.  The  contrary  may  happen,  by  pre- 
fenttng  a body  in  the  manner  of  E.  We  wilh  thefe 
particulars  to  be  kept  in  mind.  In  the  mean  time,  all 
thefe  circumftances  are  neceffary  confequences  of  the 
fuppofition,  that  nothing  is  communicated  from  A to 
B or  C.  The  eledlricity  induced  on  perfedl  conduc- 
tors is  momentary,  requiring  the  continual  prefence  of 
a body  that  is  eledlrified  in  fome  way  or  other. 

But  the  cafe  is  quite  otherwife  in  imperfedl  conduc- 
tors. When  the  overcharged,  or  otherwife  eledlrical 
body  A is  removed,  the  forces  which  tend  to  reftore 
the  uniform  diftribution  of  the  fluid  immediately  ope- 
rate and  muft  reftore  it  in  part.  They  cannot,  how- 
ever, do  it  completely : For  when  the  force  which  ur- 
ges any  particle  from  an  overcharged  to  an  undercharg- 
ed part  is  juft  in  equilibrio  with  the  obftrudlion,  it 
will  remain,  juft  as  a number  of  grains  of  fmall  fnot  may 
lie,  uniformly  mixed  with  a mafs  of  clammy  fluid,  or, 
as  fuch  fluids  retain  heavy  mud,  in  a ftate  of  equable 
or  inequable  diffufion.  If  the  reflftance  arife  merely 
from  the  Inertia  of  the  tangible  matter,  there  is  no  force 
fo  fmall  but  it  will  in  time  reftore  the  uniform  diftribu- 
tion. But  this  cannot  be  the  cafe  in  folid  bodies.  Their 
particles  exert  lateral  forces,  by  which  they  maintain 
themfelves  in  particular  fituations  : thefe  muft  be  over- 
come by  fuperior  forces. 

V/e  fliould  therefore  expedl,  that  imperfedl  conduc- 
tors will  retain  part  of  their  inequable  conftitution  ; 
and,  in  confequence  of  this^  their  power  of  affedling  o- 
ther  bodies  like  eledlrics  ; that  is,  their  Electricity. 
For  vre  muft  obferve  (having  negledled  to  do  it  in  the 
beginning),  that  the  term  eleSricity  is  as  often  ufed  to 
exprefs  this  power  of  producing  eledlrical  phenomena 
as  it  is  ufed  for  expreffing  a fubftance  fuppofed  to  be 
the  original  caufe  of  all  thefe  appearances.  It  is  necef- 
fary  to  keep  this  diftindllon  in  mind  ; becaufe  there  are 
many  phenomena  which  clearly  indicate  the  transfe- 
rence of  this  caufe,  and  they  muft  not  be  confound- 
ed with  others,  where  the  exhibition  of  eledlric  phe- 
nomena is  evidently  propagated  to  a diftance.  We 
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mufl  not  always  fuppofe,  that  when  theeledlric  appear- 
ances  are  exhibited  in  an  inftant  at  the  far  end  of  a wire 
44-  miles  long,  the  fame  numerical  particles  of  the  elec- 
tric fluid  have  moved  over  this  fpace.  We  muft  diflin- 
guilh  thofe  cafes  where  this  muft  be  granted  from  thofe 
in  which  it  certainly  has  not  happened.  Of  ihefe  there 
59  are  innumerable  inftances. 

; Imperfedl  We  have  now  to  obferve,  that  by  this  theory  the 
conduftors  flngle  circumftance  of  perfect  and  imperfecft  conducing 
fufficient  for  eftablifliing  the  whole  difference 
•levies*  between  idio-eled^rics  and  non-eledlrics.  The  idio- 
efeeftrics  are  fufceptible  of  excitation  in  various  ways, 
and  retain  their  eledfricity  ; and  this  may  be  done  in 
any  part  of  them  without  affefling  the  reft  in  any  re- 
markable degree.  This  cannot  be  done  in  perfect  con- 
dudlors,  plainly  hecaufe  they  are  perfeS  conduElors . Any 
inequality  of  diftribution  of  the  ele<ftric  fluid,  which  is 
all  that  is  necelfary  for  rendering  them  eledtric,  is  im- 
mediately deftroyed  by  its  uniform  diffufion.  We  can 
have  no  diredt  proof  of  their  incapability  of  excitation  ; 
but  if  they  can  be  excited,  they  cannot  fhew  it.  We 
-doubt,  however,  their  excitability ; becaufe  the  appear- 
ances in  the  excitation  of  electrics  feem  to  indicate,  that 
oppofite  ttates  of  two  bodies  are  neceflary  previous  to 
the  appearance  of  eledtricity.  This  is  impofilble  in  per- 
fedt  condudtors.  By  this  theory,  therefore,  perfedt 
condudtors  are  neceflarily  non-eledtrics  ; and  non-con- 
dudtors  are neceffarlly  (if  excitable)  idio-eledtrics. 

With  refpedt  to  the  particular  phenomena  vfhich  may 
be  expedted  on  the  removal  of  the  original  eledtric  ; it 
may  juft  be  remarked,  that  the  eledtric  appearances  of 
the  imperfedt  condudtor  will  go  off  in  the  contrary  or- 
der to  that  of  their  indication.  The  accumulation  and 
deficiency  will  diminiflr  gradually,  and  the  neutral  point 
or  points  will  gradually  approach  the  end  which  had 
fronted  the  original  eledric.  The  imperfedt  condudtor 
will  be  finally  left  with  one  or  more  neutral  points,  ac- 
cording to  the  magnitude  of  the  obftrudtions,  and  the 
force  which  had  been  employed  in  its  eledtrification  ; 
And  their  final  ftate  will  be  fo  much  the  more  inequa- 
ble, and  confequently  they  will  retain  fo  much  the 
greater  eledtric  powers,  as  they  are  lefs  perfedt  conduc- 
6o  tors. 

Eledtrics.  The  laft  obfervation  which  we  fliall  make  on  this 
are  only  head  at  prefent  is,  that  whether  eledtrified  by  indue- 
tion,  or  by  fridtion,  or  moft  other  modes  of  excitation, 

^ ’ the  eledtirification  will  be  nearly  fuperficial  in  bodies 

which  condudt  very  imperfedtly  ; and  bodies  which  are 
altogether  impervious  (if  there  be  anyfneh)  muft  have 
the  accumulation  or  deficiency  altogether  at  theirfurface. 
If  a glafs  globe  be  fuch  a body,  it  will  hardly  be  poflible 
to  eledtrify  it  to  any  depth  ; and  all  that  we  can  expect  is 
alternate  ftrata  of  overcharged  and  undercharged  glafs. 
If  thefe  ftrata  are  once  formed,  they  tend  greatly  to  make 
the  body  retain  its  fuperficial  eledtricity.  A fuperficial 
ftraturn  of  redundant  fluid,  tending,  by  the  mutual  re- 
pulfion  of  its  particles,  to  efcape,  is  retained  by  the  ftra- 
tum  of  redundant  matter  immediately  below  it:  And 
the  almoft  infuperable  obftrudtion  prevents  the  fluid 
of  the  ftraturn  beyond  this  from  coming  up  to  fupply 
the  vacancy.  If  we  can  fall  on  any  contrivance  to  pro- 
duce fuch  deficient  ftrata  within  the  glafs,  we  fnall 
make  it  much  more  retentive,  and  capable  of  hold- 
ing faft  a much  greater  quantity.  We  have  already 
mentioned  fomething  of  this  in  n®  14.  and  we  recom- 


mend  the  cafe  to  the  attentive  confideration  of  the 
reader. 
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Thus  have  we  given  a fleetch  of  the  leading  dodlrlnes  Compari- 
of  this  elegant  theory  of  Mr  jEpinus,  all  legitimately 
deduced  from  the  circurnftances  aftumed  in  hypo- expert 
thefis  concerning  the  mechanical  properties  of  that  fub-  ment. 
ftance  which  he  calls  the  eledtric Jluid.  Let  us  now  fecj 

with  W'hat  fuccefs  this  hypotheiis  may  be  applied  to  ac- 
count for  the  phenomena.  It  would  have  been  more 
philofophical  to  have  arranged  the  phenomena,  and 
from  the  comparifon  to  have  deduced  the  hypothefis. 

But  this  would  have  required  much  more  room  than 
can  be  afforded  in  a Work  like  ours. 

We  prefume,  that  many  of  our  readers,  namely,  all 
fuch  as  are  already  converfant  with  eledrical  phenome- 
na and  with  eledtric  experiments,  have  feen,  as  we  went 
along,  the  perfedt  agreement  of  the  hypothefis  with  the 
various  phenomena  cf  attradtion  and  repulfion,  and  all 
thofe  which  are  ufually  clalfed  under  the  name  of  elec- 
tric atmofpheres : and  we  are  confident,  that  when  they 
compare  the  confequences  that  fhould  neceflarily  refult 
from  fuch  a fluid  with  the  legitimate  confequences  of 
the  mechanical  adtion  of  elaftic  atmofpheres,  they  will 
acknowledge  the  great  fuperiority  of  this  hypothefis  in 
point  of  fimplicity,  perfpicuity,  and  analogy  with  o. 
ther  general  operations  of  nature.  To  fuch  readers  it 
would  not  be  neceflary  to  ftate  any  farther  comparifon  t 
but  there  are  many  who  have  not  yet  formed  any  dif- 
tincl  fyjlematic  view  of  the  appearances  called  eledlr'uah 
We  do  not  know  any  way  of  giving  fuch  a view  of 
them  as  by  means  cf  this  hypothefis ; and  we  may  ven- 
ture to  fay,  that  it  will  enable  the  ftudent  of  Nature  to 
clafs  them  all,  with  hardly  a fingle  exception.  After 
which,  the  hypothefis  may  be  thrown  afide  by  the  faf- 
tidious  phllofopher;  and  the  ufeful  claffification,  and  ge- 
neral laws  of  the  eledtric  phenomena,  will  remain  ready 
foundations  for  a more  perfedt  theory.  For  the  fake 
of  fuch  readers,  therefore,  we  fliall  take  a fliort  review 
of  thofe  general  appearances  which  are  accompanied  by 
attradtions  and  repulfions,  and  compare  them  with  this 
.^pinian  cheory^ 

We  fhall  not  at  prefent  confider  the  various  modes  of 
excitation,  although  this  theory  alfo  affords  much  in- 
ftrudtion  on  the  fubjedt,  but  confine  ourfelves  entirely 
to  the  fadts  which  are  moft  immediately  dependent  on 
it,  and  fliould  be  employed  to  fupportor  overturn  it  ; 
and  w’e  fiiall  fuppofe  the  reader  acquainted  with  moft 
parts  of  the  common  apparatus  ; fuch  as  eledirometers, 
infulation,  &c.  We  alfo  prefume  that  he  knows,  that 
when  a fmall  pith-ball  has  been  eledtrified  by  touch- 
ing a piece  of  glafs  which  has  been  excited  by  rubbing 
with  dry  flannel,  it  will  repel  another  body  fo  eledtrifi- 
ed; and  that  balls,  vhich  have  received  their  electricity 
in  this  manner  from  fealing-wax  excited  by  the  fame 
rubber,  alfo  repel  each  other  ; but  that  balls,  thus  elec- 
trified by  glafs,  attradt  thofe  which  are  eledtrified  by 
fealing-wax. 

The  following  Ample  apparatus  will  ferve  for  all 
the  experiments  which  are  neceffary  lor  eftablifliing  the 
theory : _ gj 

I.  Two  flender  glafs  rods  A (fig.  8.)  having  a Apparatut 
brafs  ball  B at  the  end,  about  a quarter  of  an  inch  in  ncceffaiy 
diameter,  fufpending  a very  fmall  and  delicate  pilh-ball 
eledtrometer  C.  compan- 


z.  Some 
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electricity. 


•2.  Some  eledtrometers  (fig*  9‘)»  confifting  of  two 
pieces  of  ru(h  pkh,  about  four  inches  long,  nicely  fuf- 
pcnded,  and  hanging  parallel,  and  almoll  in  contaft 
with  each  other.  It  is  proper  to  have  them  as  fmooth 
as  poffible,  and  neatly  rounded  at  the  ends,  to  prevent 
ynneceflary  diffipation. 

3.  Some  pith-ball  electrometers  (fig.  10.),  whole 
threads  are  of  filk,  about  four  inches  long,  and  fome 
with  flaxen  threads  mciflened  with  a folution  of  fome 
deliquefcent  fait,  that  they  may  be  always  in  a good 
conducting  (late. 


Let  the  globe  be  held  in  the  pofition  D (fig.  12.),  State  of  di- 
about  fix  inches  from  the  conductor,  and  a little  above  the  ftribution 
line  of  its  axis.  Take  the  glafs  rod  (fig.  8.),  and  bring  afcertained  , 
its  knob  into  contaCt  with  the  under  fide  of  the  remote  experimen-» 
end  € of  the  conductor.  The  balls  of  the  electrometer 
will  feparate,  (hewing  that  they  are  electrified  in  the 
fame  manner,  and  repel  each  other.  Slide  the  brafs  knob 
along  the  under  fide  of  the  conductors,  quite  to  the  - f 
end  a.  The  balls  will  gradually  collapfe  as  the  knob  * 

approaches  a point  near  the  middle  of  the  conductors,  * 

where  they  will  hang  parallel.  Pafling  this  point,  they 
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A.  Several  brafs  conductors  (fig.  1 1.),  each  fupported  will  again  feparate,  and  moft  of  all  when  the  knob  is 


on  an  infulating  ftalk  and  foot.  They  thould  be  about 
an  inch  and  half  or  two  inches  long,  and  about  three- 
fourths  of  an  inch  in  diameter,  with  round  ends,  and 
well  poliflied,  to  prevent  all  diffipation.  The  foot  muft 
be  fo  narrow  as  to  allow  them  to  touch  each  other  at 
the  ends. 

5.  Two  balls  (fig.  12.),  one  of  glafs,  and  the  other 
of  glafs  coated  with  fealing-wax,  each  furnifhed  with 
an  infulating  handle,  the  other  end  of  which  may  be 
occafionally  ftuck  into  a foot  or  into  the  fide  of  a 
block  of  wood,  which  can  be  Aid  up  or  down  on  a 
wooden  pillar,  and  fixed  at  any  height.  Thefe  balls 
fhould  be  about  three  inches  in  diameter.  They  muft 
be  excited  by  rubbing  with  dry  warm  flannel. 

6.  Some  little  pieces  of  gilt  card  (fig.  13.),  about 
two  inches  long,  half  an  inch  broad,  and  rounded  at  the 
ends,  and  made  as  fmooth  as  poffible.  Each  muft  have 
a dimple  ftruck  in  the  middle  with  a polifhed  blunt 
point,  fo  that  it  will  traverfe  freely  like  a mariner’s 
needle,  when  fet  on  a glafs  point,  rounded  in  the  flame 
of  a lamp.  More  artificial  needles  may  be  made  of  fome 
light  wood,  having  fmall  cork  balls  at  the  ends,  all  gilt 
and  polifhed,  and  turning,  in  like  manner,  on  glafs 


at  a.  In  this  fituation  they  will  deviate  toward  the 
globe,  and  will  be  directed  ftraight  toward  it,  if  it 
be  held  too  near,  or  in  the  direction  of  the  axis.  This 
would  difturb  the  experiment,  and  muft  be  avoided. 
Thefe  phenomena  are  conformable  to  the  account  given 
of  the  difpofition  of  the  fluid  in  the  conductor.  The 
electrometer  may  be  confidered  as  making  a part  of  the 
conductor  ; and  when,  its  threads  hang  parallel,  it  is  in 
its  natural  ftate,  having  its  fluid  of  its  natural  denfity. 
This,  however,  cannot  be  ftriCtly  true,  according  to 
the  theory  ; becaufe  the  balls  of  the  electrometer  muft 
be  confidered  as  more  remote  from  the  eleCtric,^  and 
their  eleCtrical  ftate  muft  correfpond  to  a point  of  the 
conductor  more  remote  than  that  where  the  knob  of 
the  electrometer  touches  it.  This  will  be  more  remark- 
ably the  cafe  as  the  threads  are  longer.  According- 
ly, an  electrometer  with  very  long  threads  will  never 
collapfe.  Ti’he  place  of  the  neutral  point  cannot  be 
accurately  afcertained  in  this  way.  Lord  Mahon  ima- 


Lord  Ma- 


gined,  that  its  fituation  B was  determined  (in  his  expe-  hon’sdeter- 
riments  with  a long  conductor)  to  be  fuch,  that  D c miration  of 
was  harmonically  divided  in  B and  a ; and  he  finds  this  • 

_ to  be  agreeable  to  the  refult  of  an  eleCtric  atmofphere  ^°aTranted  » 
(talks  : alfo  fome  fimikr  needles  made  of  fealing-wax,  whofe  denfity  is  inverfely  proportional  to  the  fquare  of  by  his  ex-  ,V) 
one  end  of  each  being  black,  and  the  other  red.  the  diftance.  But  we  cannot  deduce  this  from  his  nar-  phnation.  vv 

of  the  experiment.  He  gives  no  reafon  for  his 
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A neutral 
body  at- 
tracted, be- 
caufe ren- 
dered elec- 
trical by  in- 
duction. 


The  mechanical  phenomena  of  electricity  may  be  ex- 
preffed  in  a few  limple  propofitions.  The  moft  general 
faCt  that  we  know,  and  from  which  all  the  reft  may  be 
deduced,  is  the  following  : 

If  any  body  A is  eleClrified,  by  any  means  whatever, 
and  if  another  body  B is  brought  into  its  neighbour- 
hood, the  laft  becomes  eleCtrfcal  by  pofition. 

Set  the  brafs  conductors  in  a row,  touching  each 
other,  as  relsrefented  in  fig.  1 1.  by  A,  B,  C ; and  let  a 
pUh-ball  electrometer,  having  filk  threads,  be  fet  near 
one  end  of  the  conductors.  Excite  one  of  the  globes, 
by  rubbing  it  with  dry  flannel.  When  this  is  brought 
near  the  end  of  the  condu'Ctor,  the  pith-ball  will  ap- 
proach the  other  end.  But  the  globe  muft  not  be 
brought  fo  near  as  to  caufe  the  pith-ball  to  ftrike  a- 
gainft  the  other  end.  On  removing  the  globe,  the 
pith-bail  will  move  off  and  hang  perpendicularly.  The 
fame  effeCt  is  produced  by  both  globes. 

Thus  the  mere  vicinity  of  the  eleCtric  renders  the 
conductor  eleCtric,  and  the  eleClricity  ceafes  on  remo- 
ving the  globe.  This  is  perfectly  conformable  to  the 
theory,  whether  vve  fuppofe  the  fluid  to  be  made  re- 
dundant or  deficient  at  the  remote  end  of  the  conduc- 
tor. If  one  fhould  afcribe  the  approach  of  the  pith- 
ball  to  the  immediate  aCtion  of  the  globe,  it  is  fufficient 
to  obferve,  that  if  the  ball  be  fufpended  near  the Jule  of 
the  conduOor,  it  will  approach  the  conductor,  flnewing 
that  it  is  affected  by  the  conductor,  and  not  by  the  globe. 
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feleCtion  of  the  point  H,  nor  tells  us  the  form  and  di- 
menfions  of  the  eleCtric  employed,  nor  takes  into  ac- 
count the  action  of  the  fluid  in  the  long  conductor.  It 
is  evident,  that  no  compumtion  can  be  inftituted,  even 
on  his  Lord(hip’s  principles,  till  all  this  be  done.  We 
have  always  found,  that  the  neutral  point  was  farther 
from  the  eleCtric,  in  proportion  as  the  conductor  was 
fmaller,  and  when  the  eleCtrlcity  was  ftronger  : and  that 
the  differences  in  this  refpeCt  werefo  very  conflderable, 
that  no  dependence  could  be  had  on  this  experiment 
for  determining  the  law  of  aCtion.  It  fhould  be  fo, 
both  according  to  Lord  Mahon’s  and  Mr  .ffilpinus’s 
theory.  But  to  proceed  with  our  examination  : 

Having  touched  the  end  c of  the  conductor  w'ith  the 
knob  of  the  electrometer,  bring  it  away.  The  balls 
will  continue  to  repel  each  other,  and  they  are  attract- 
ed by  any  body  that  is  in  its  natural  (late.  Touch  the 
fame  end  with  the  knob  of  the  other  electrometer,  and 
bring  it  alfo  away;  the  balls  of  the  two  electrome- 
ters will  be  found  to  repel  each  other  : but  if  one  has 
touched  the  conductor  at  r,  and  the  other  has  touched 
it  at  a,  the  electrometers  will  ftrongly  attraCt  each 
other.  All  this  is  quite  conformable  to  the  theory.  If 
the  fluid  has  been  comprefled  at  r,  and  therefore  the 
balls  of  that  electrometer  are  overcharged,  they  mule 
repel  each  other,  and  repel  any  other  body  electrified 
in  the  fame  way.  They  rauft  attract  and  be  attracted 
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by  any  natural  body.  But  the  balls  of  the  other  elec- 
trometer having  touched  the  conductor  at  a,  muft  be 
undercharged,  and  the  redundant  fluid  of  the  one  muft 
attrafi  the  redundant  matter  of  the  other. 

If  the  condudor  has  been  eledrified  by  the  vicinity 
of  excited  glafs,  the  eledrometer  which  touched  it  in 
the  remote  end  c,  will  be  repelled  by  a piece  of  ex- 
cited glafs,  but  attraded  by  excited  fealing-wax.  The 
eledrometer  which  touched  the  condudor  in  a will  be 
attraded  by  excited  glafs,  and  repelled  by  excited  feal- 
ing-wax. The  contrary  will  be  obferved  if  the  conduc- 
tor has  bad  its  eledricity  induced  on  it  by  the  vicinity 
of  the  globe  covered  with  fealing-wax.  This  is  a com- 
plete proof  that  Mr  Dufuy’s  dodrine  of  vitreous  and 
■ rejinous  eledricity  is  unfounded.  Both  kinds  of  elec- 

tricity are  produced  in  a conduding  body,  without  any 
material  communication,  by  mere  juxta-pofition  to  a 
body  polTefTed  of  either  the  vitreous  or  the  refinous  elec- 
64  ’^’^‘city. 

CoHftant  We  have  not  yet  mentioned  any  reafons  which  in- 
diftindions  dicate  which  end  of  the  condudor  is  eledrical  by 
of  redun-  {^e  redundancy  of  eledric  fluid,  nor  is  the  reader  pre- 
dancy  and  foy  feeing  their  force.  It  is  generally  believed, 

e cicncy.  remote  end  of  a condudor  which  is  eledrified 

by  glafs,  excited  by  rubbing  it  with  flannel  or  amalga* 
mated  leather,  is  eledrical  by  redundancy.  No  diffe- 
rence has  been  obferved  in  the  attradions  and  repul- 
fions.  But  there  are  other  marks  of  diftindion  which 
are  conftant,  and  undoubtedly  arife  from  a difference 
in  the  mode  of  adion  of  thofe  mechanical  forces.  If, 
while  the  excited  glafs  globe  remains  at  D,  a glafs  mir- 
ror, foiled  as  ufual  with  tin  leaf,  be  made  to  touch  the 
remote  end  of  the  condudor,  and  flowly  drawn  tranf- 
verfely,  fo  that  the  condudor  draws  a line  as  it  were 
acrofs  it — this  mirror  being  laid  down  with  the  foiled 
fide  undermoft,  the  dull,  which  fettles  on  it  in  the 
courfe  of  a day  or  two,  will  be  chiefly  colleded  along 
this  line,  fomewhat  in  the  form  of  the  fibres  of  a feather. 
But  if  the  condudor  was  rendered  eledrical  by  the  globe 
covered  with  fealing-wax,  the  dull  v/ill  be  colleded  along 
this  line  in  little  fpots  like  a row  of  beads.  The  appear- 
ances will  be  reverfed  if  the  mirror  has  been  paffed  acrofs 
the  end  of  the  condudor  which  is  neareft  to  the  excited 
eiedric.  In  ftiort,  in  whatever  way  the  drawing  point 
has  been  eledrified,  if  it  repel  a bail  which  has  touched 
excited  glafs,  the  line  will  be  feathered;  but  if  it  at- 
trad  fuch  a ball,  the  line  will  be  fpotted.  There  are 
many  ways  of  making  this  appearance  much  more  re- 
markable (fee  Electricity,  Eneycl.  Scfl-.  viii.n®  48.) 
than  this;  but  we  have  mentioned  it  on  this  occafion, 
becaufe  the  circumftances  which  occaiion  the  difl'erence, 
whatever  it  is,  are  the  rnoft  limple  polfible.  Nothing 
is  communicated  ; and  therefore  the  effed  muft  arife 
from  the  unnatural  Rate  of  a fubftance  or  power  refi- 
ding  in  the  body.  If  it  be  a fubftance  Jai  generis •,  the 
eledric  adion  muft  arife  from  a different  diltribution  of 
this  fubftance  ; from  a redundancy  and  deficiency  of  it 
in  the  different  portions  of  the  condudor.  Without 
pretending  as  yet  to  fay  which  is  redundant,  we  fhall 
fuppofe,  with  Dr  Franklin,  that  the  eledricity  of  ex- 
cited glafs  is  fo  ; and  we  lhail  ufe  the  words  redundant 
and  pofitive  to  diftingutfli  this  eledricity  from  the  other. 
This  is  merely  that  we  may,  on  many  occafions,  con- 
fiderably  abbreviate  language. 

The  different  eledrical  ftates  of  the  different  por- 
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tions  of  the  condudor  may  be  feen  In  another  way, 
which  is  perhaps  more  ample  and  unexceptionable  than 
that  already  narrated.  While  the  globe  remains  at  D, 
take  the  two  extreme  pieces  A and  C afide ; or,  if  on- 
ly two  pieces  have  been  ufed,  draw  the  remote  piece 
farther  away.  Now  remove  the  excited  globe.  When 
we  examine  A feparately,  we  fhall  find  it  wholly  nega- 
tive, or  undercharged,  ftrongly  repelling  a ball  eledri- 
fied by  fealing-wax,  and  attiading  a ball  eleeftrified  by 
glafs.  The  other  piece  C exhibits  pofitive  eledricity, 
attrading  and  repelling  what  A repelled  and  attraded. 

If  only  three  pieces  of  the  condudor  have  been  employ, 
ed,  the  middle  piece  B is  generally  pofitive  ; but  this 
in  a very  faint  degree. 

If  all  the  pieces  be  again  joined,  they  are  void  of 
eledricity.  If,  inftead  of  fuch  condudors,  a row  of 
metal  balls,  fnfpended  by  filk  lines,  are  employed,  one 
of  them  may  generally  be  found  without  any  fenfible 
eledricity,  when  feparated  from  the  reft,  having  been 
the  neutral  part  of  the  row'  w'hile  united. 

Thefe  very  fimple  fads  (hew,  as  completely  as  can 
be  W'ifned,  that  if  the  eledric  phenomena  depend  on  a 
fluid  moveable  in  the  pores  of  the  body,  the  conftitu- 
tion  given  it  by  Mr  aEpinus  is  adequate  to  the  explana- 
tion. We  may  now  venture  to  aifert,  that  every  other 
phenomenon  of  attradion  and  repulfion  will  be  found 
in  exad  conformity  with  the  legitimate  confequences  of 
this  conftitution  of  the  eledric  fluid. 

That  nothing  is  communicated  from  the  eledric  will  in  the  in- 
appear  ftill  more  forcibly  by  the  following  experiment ; ciudion  of 
Let  a condudor  be  rendered  eledrical  in  the  way  now  eledricity 
deferibed,  and  touch  either  extremity  of  it  with  the  , 

little  eledrometer,  and  obferve  attentively  the  divergen-  cate^^"ln 
cy  of  its  threads.  Now  approach  its  remote  extrenii- iieren't 
ty  with  another  conduding  body,  fuch  as  a Angle  piece  powers  are 
of  thofe  condudors,  it  will  be  rendered  eledrical ; as  excited- 
may  be  dlfcovered  by  a delicate  eledrometer.  Obferve 
carefully  wdiether  the  eledrometer  in  contad  W'ith  the 
firft  condudor  be  affeded  : — it  will  generally  be  found 
to  fpread  its  threads  wider.  It  will  certainly  be  thus 
affeded  if  the  other  condudor  be  very  long  and  bulky, 
or  touched  by  the  hand  ; or  if,  inftead  of  this  fecond 
condudor,  we  approach  the  firft  with  tiie  extended 
palm  of  the  hand.  As  the  fecond  condudor  was  ren- 
dered eledrical,  fo,  undoubtedly,  is  the  hand  alfo  : and 
its  eledrification  has  not  deprived  the  firft  condudor 
of  any  of  its  eledric  power,  but,  on  the  contrary,  has 
increafed  it.  And  this  augmentation  of  its  power  is 
equally  fenfible  at  both  ends  : For  an  eledrometer  at 
the  other  end  will  alfo  diverge  more  when  the  handii 
brought  near  the  remote  end.  This  theroy  explains 
this  in  the  nioft  fatisfadory  manner.  The  firft  conduc- 
tor renders  the  fecond  eledric,  by  propelling  its  fluid 
to  a greater  diftancc.  The  fecond  condudor  now  ads 
on  the  fluid  that  is  moveable  In  the  firft,  and  caufes 
a greater  accumulation  in  its  end  which  is  fartheft 
from  the  eledric  ; that  is,  renders  it  more  eledric. 

Suppofe  that,  inftead  of  employing  an  excited  globe  The  forced 
of  glal's,  we  had  made  ufe  cf  a conduding  body,  flightly  difpoiirion 
overcharged.  Thus  if  we  employ  the  condudor  A,  is 

overcharged,  to  induce  eledricity  on  C ; this  will  pro- 
duce  the  fame  general  effed  on  our  fet  of  condudors.  [*HliedtcH' 
But  if  we  have  previoufly  examined  the  force  of  the  dies, 
redundant  body,  by  fufpending  a pith-ball  near  it,  and 
obfsrving  its  deviation  from  the  perpendicular,  we  may 
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foTtteluTies  be  led  to  think,  that  it  has  imparted  fome- 
thinc;  to  the  other  body.  For  if  the  other  body  and  the 
pith-ball  be  on  oppofite  Tides  of  the  redundant  body, 
the  pith-ball  will  fall  a little  ; indicating  a diminution 
of  elediric  force.  But  this  Jljould  happen  according  to 
the  theory;  for  it  was  Ihewn,  in  52.  that  the  con- 
ftipation  in  the  remote  end  of  the  overcharged  body 
vill  be  diminilhed,  and  along  with  this,  its  adion  on 
the  pith-ball.  We  Ihould  find  the  eledricity  of  the 
other  end,  next  the  condudor,  increafed,  could  w^e  find 
an  eafy  way  of  examining  it;  but  an  eledrometer  ap- 
plied there  w'lll  be  too  much  affeded  by  the  condudor. 

The  fame  conclufions  may  be  drawn  from  the  fol- 
lowing fads  : Hang  up  a rulli-pith  eledrometer.  Ap- 
proach it  below  with  a body  llightly  eledrified.  The 
legs  of  the  eledrometer  immediately  diverge,  though 
attracted  by  the  eledrified  body.  Hold  the  hand  above 
the  eledrometer,  and  they  will  diverge  Hill  more  ; touch 
the  top  of  it,  and  they  fpread  yet  farther.  Hold  the 
eledrified  body  (very  weakly  eledrified)  above  the 
eledrometer,  fo  that  its  legs  may  diverge  a little.  Hold 
the  hand  above  the  eledrified  body  ; the  legs  of  the 
eledrometer  will  come  nearer  each  other. 

Thefe  appearances  are  obferved  whether  the  eledric 
be  politive  or  negative.  We  need  not  take  up  time  in 
explaining  this  by  the  theory,  its  agreement  is  fo  ob- 
vious. 

Laftly,  on  this  head,  if,  in  place  of  a fixed  conduc- 
tor, we  ufe  one  of  the  needles  of  gilt  card,  fet  on  its 
pivot,  and  if  we  then  approach  it  with  another  con- 
duding  body,  in  the  manner  reprefented  by  E and  C 
of  fig.  6.  we  fhall  obferve  that  end  of  the  needle  to 
avoid  the  other  body ; but  if  w'e  bring  them  together, 
in  the  manner  reprefented  by  F and  B,  they  will  at- 
trad  each  other.  The  attradion  w’ill  be  greater  when 
the  body  F is  long;  and  moft  of  all  when  it  commu- 
nicates with  the  giound.  Thefe  phenomena  are  there- 
fore in  perfed  conformity  with  the  theory  ; but  it  may 
fometimes  happen  that  E will  altrad  the  end  of  C that 
is  nearefl  to  A,  and  E will  be  eledrified  pofitively  if 
A be  pofitive.  This  feems  inconfiftent  with  the  theory  ; 
and,  accordingly,  it  has  been  adduced  by  Volta  againfi; 
Lord  Mahon’s  account  of  the  eledrical  ftate  of  a con- 
dudor in  aUtuation  fimilar  to  that  of  C.  But  the  theo- 
ry of  iEpinus  fhews  the  poffibility  of  this  cafe.  When 
E is  very  long,  or  when  it  is  held  in  the  hand,  it  is 
rendered  much  more  undercharged  than  the  adjacent 
part  of  C ; and  the  fluid  in  the  remoter,  but  not  much 
remoter,  part  of  C is  ftrongly  attraded  by  the  copious 
redundant  matter  in  the  near  end  of  E,  and  is  brought 
back  again,  and  pafies  over  into  E,  in  the  way  to  be 
deferibed  immediately.  The  cafe  is  rare,  and  it  will 
not  happen  at  any  confiderable  difiance  from  the  neu- 
tral point  of  C.  If,  indeed,  E touch  the  near  end  of 
C before  A is  brought  near,  the  approach  of  A will 
caufe  fluid  to  pafs  Into  E immediately,  and  C will  be 
left  undercharged  on  the  whole. 

The  reader,  who  is  at  all  converfant  wnth  eledrical 
experiments,  wall  be  fenfible,  that  thefe  experiments  are 
delicate,  requiring  the  grearefi  drynefs  of  air,  and  every 
attention  to  prevent  the  diflipation  ol  eledricity  during 
the  performance.  This,  by  changing  the  fiate  of  the 
condudors  and  eledrometers,  will  frequently  occafion 
irregularities.  The  elediomecers  are  mofi  apt  to 
change  in  this  refped,  it  being  fcarcely  pofiible  to  make 


them  perfedly  fmooth  and  free  from  fliarp  angles.  It 
may  therefore  happen,  that  w'hen  the  condudors  have 
affeded  them  for  fame  time.,  by  the  adion  of  the  difiur- 
bing  eledric,  the  removal  of  this  eledric  will  not  caufe 
the  eledrometers  to  hang  perpendicular ; they  will  often 
be  attraded  by  the  condudors,  and  often  repelled  ; but 
the  intelligent  experimenter,  aware  of  thefe  circum- 
fiances,  will  know  what  allowances  to  make. 

The  theory  obtains  a ftill  more  complete  fupport 
from  a comparifon  with  fimilar  experiments  made  with 
imperfed  condudors.  If,  in  place  of  the  feries  A,  B, 
C,  of  metalline  condudors,  we  employ  cylinders  of 
glafs  or  fealing-w'ax,  or  even  dry  wood  or  marble,  and 
eledrometers  with  filk  threads  in  place  of  the  rufh-pith 
eledrometers,  we  fhall  find  all  the  appearances  to  be 
fuch  as  the  theory  enables  us  to  predid.  If,  for  ex- 
ample, we  ufe  a Tingle  cylinder  A of  glafs,  we  fhall 
find  that  the  neighbourhood  of  the  eledric  D fcarcely 
induces  any  eledricity  on  A.  The  eledrometer  will 
hardly  exhibit  the  fmallefi  attradion,  and  its  motions 
will  be  almoft  entirely  fuch  as  arife  from  the  immediate 
influence  of  the  eledric  body  D.  A cylinder  of  very 
dry  wood  will  be  more  affeded  by  the  eledric  D ; and 
a circumftance  of  theoretical  importance  is  very  diftind- 
ly  obferved,  namely,  the  gradual  fhifting  of  the  neutral 
point.  It  w'ill  be  found  to  advance  along  the  cylinder 
for  a very  long  while,  when  every  circumftance  is  very 
favourable,  the  air  very  dry,  and  the  wood  almoft  a 
noncondudor ; and  its  final  fituation  will  be  found 
much  nearer  to  the  eledric  than  in  the  brafs  condudor. 
Several  inftrudive  experiments  of  this  kind  may  be 
found  in  a treatife  publifhed  in  1783  by  Dr  Thomas 
Milner  at  Maidfione  in  Kent,  entitled,  “ Experiments 
and  Obfervations  on  Eledricity.”  The  author  does 
not  profefs  to  advance  any  new  dodrines,  but  only  to 
exhibit  experiments  fcientifically  arranged  for  forming 
a fyftera.  He  fupports  the  Franklinian  fyftem  as  it 
was  generally  underftood  at  that  time ; but  is  much 
embarraffed  lor  the  explanation  of  the  repulfion  of  ne- 
gative eledrics.  The  aEpinian  corredion  of  this  the- 
ory did  not  offer  itfelf  to  his  mind. 

We  need  not  go  over  the  fame  ground  again  with 
imperfed  condudors.  It  is  well  known  that  fuch  bo- 
dies are  more  weakly  attraded  and  repelled  ; that  the 
balls  of  an  eledrometer  with  linen  threads  diverge  vaft- 
ly  more  when  an  eledrified  body  is  held  below  it,  than 
if  the  threads  are  filken;  that  fuch  eledrometers  fre- 
quently exhibit  very  capricious  appearances  from  the 
flow  but  real  progrefs  of  the  eledricity  along  the 
threads.  Thefe  anomalies  will  be  better  underftood 
when  we  explain  the  dilTipation  of  eledricity  along  im- 
perfed condudors. 

A very  efl'cntial  dedudion  from  the  theory  is,  that 
the  eledricity  induced  on  an  imperfed  condudor  muft 
have  Tome  permanency.  This  is  fully  confirmed  by 
experiment.  But  the  remarkable  inftances  of  this  par- 
ticular cannot  be  produced  till  v/e  be  better  acquainted 
with  the  methods  of  producing  great  accumulations  of 
fluid.  It  is  enough  to  obferve  at  prefent,  that  a per- 
manent eledricity  may  always  be  obferved  at  the  junc- 
tion of  the  condudors  with  their  infulating  ftalks.  The 
brafs  condudor  A ceafes  to  be  eledric  as  Toon  as  the 
excited  globe  is  removed  ; but  the  very  top  of  the  glafs 
ftalk  on  which  it  is  fupported  will  fenfibiy  affed  a de- 
licate eledrometer  for  a long  while  after.  The  follow- 
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ing  pretty  experiment  (Iiews  this  permanency  very  di- 
ftincily.  Set  ope  of  the  fealing-wax  needles  on  its  pivot, 
and  place  it  between. two  infulated  metal  fpheres  of 
confiderable  fize,  at  inch  a diftance  from  both  as  not 
to  receive  a fpark.  Electrify  thefe  balls  moderately, 
one  of  them  pofitively,  and  the  other  negatively,  and 
keep  them  thus  eledirified  for  lome  hours  by  renewing 
their  eledtrificalion.  The  needle  quickly  arranges  it- 
felf  in  the  line  adjoining  the  two  fpheres,  juft  as  a mag- 
netic needle  will  do  when  placed  between  two  magnets 
whofe  diffimilar  poles  front  each  other.  Any  gentle 
force  will  derange  the  needle  ; but  it  will  vibrate  like  a 
magnetic  needle,  and  finally  fettle  in  its  former  pofition. 
When  this  has  been  continued  forae  time,  that  end  of  the 
needle  which  pointed  to  the  pofitive  globe  will  be  found 
negative,  and  the  other  w’ill  be  found  pofitive,  if  exa- 
mined with  an  eledtrofcope.  And  now,  if  the  tw'o 
globes  be  removed,  this  little  needle  will  remain  eledri- 
cal  for  entire  days  in  dry  frofty  weather,  and  its  ends 
will  approach  any  body  that  is  brought  near  it  (taking 
care  not  to  come  too  clofe) ; and  the  end  which  point- 
ed to  the  pofitive  globe  will  avoid  a piece  of  rubbed 
fealing-wax,  but  will  approach  a piece  of  rubbed  glafs ; 
but  the  other  end  will  be  affeded  in  the  oppofite  way. 
In  fhort,  it  proves  an  eledric  needle  with  a pofitive  and 
negative  pole. 

If  two  fmall  infulated  balls  are  moderately  eledrified, 
and  placed  about  fix  inches  afunder,  this  needle,  when 
carried  round  them,  will  arrange  itfelf  exadly  as  a mag- 
netic needle  does  when  carried  round  a magnet  of  the 
fame  length.  If  the  fame  trial  be  made  wdth  the  needle 
of  gilt  card,  it  will  arrange  itfelf  in  the  fame  manner 
that  a foft  iron  needle  arranges  itfelf  near  a magnet,  but 
either  end  will  turn  indifferently  to  either  globe. 
Eledrical  If  a thill  glafs  plate,  coated  with  red  fealing-wax,  be 
meridians,  fet  on  the  pofitive  and  negative  globes,  and  we  fprinkle 
(from  a confiderable  height)  a fine  pow'der  of  black 
fealing-wax,  and  then  pat  the  plate  gently  with  a glafs 
rod  fo  as  to  agitate  it  a little,  the  particles  of  wax  pow- 
der will  gradually  arrange  themfelves  into  curve  lines, 
diverging  from  the  point  over  one  of  the  globes,  and 
converging  to  the  point  over  the  other,  precilely  like 
the  curves  formed  by  iron  filings  fprinkled  on  a paper 
held  over  a magnet.  Each  little  rag  of  wax  becomes 
eleffrical  by  pofition,  acquires  two  poles,  and  the  pofi- 
tive pole  of  one  altradts  the  negative  pole  of  another  ; 
and  they  adhere  in  a certain  determinate  pofition,  near- 
ly a tangent  to  the  curve,  which  was  mentioned  in 
n®  50,  and  indicates  the  law  of  magnetic  adtion.  When 
in  this  ftate,  if  a hot  brick  be  held  over  the  plate  till 
the  wax  foften  a little,  the  particles  of  black  wax  will 
adhere  to  the  red  coating,  and  give  us  a permanent  fpe- 
cimen  of  the  affion. 

*0  It  is  well  known  that  liquid  fealing-wax  is  a con- 

dudtor.  The  writer  of  this  article  filled  a glafs  tube 
W'ith  powdered  fealing-wax,  and  melted  it,  and  then  ex- 
pofed  it,  in  its  melted  ftate,  to  the  influence  of  a pofi- 
tive and  a negative  glebe,  hoping  to  make  a powerful 
and  permanent  eledliic  needle,  which  fliould  have  two 
poles,  and  exhibit  a fet  of  phenomena  refembiing  thofe 
of  magnetifm.  Accordingly  he,  in  feme  meafure,  fuc- 
ceeded,  by  keeping  the  globes  continually  eledrified 
for  feveral  hours,  till  the  wax  was  quite  cold.  It  had 
two  diftind  poles,  and  preferved  this  property,  e%en 
though  plunged  in  water,  and  while  hnmerfed  in  the  wa~ 
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ter;  but  he  was  greatly  difappointed  as  to  the  degree 
of  its  eledricity.  It  juft  affeded  a fenfible  eledromecer 
at  the  diftance  of  fix  inches  from  either  pole.  It  was 
confiderably  ftronger  than  if  it  had  not  been  melted 
during  the  impregnation,  but  by  no  means  in  the  da- 
gree  that  he  expeded.  It  retained  fome  eledricity  for 
about  fix  weeks,  although  lying  negleded  among  con- 
duding  bodies.  After  its  power  feemed  quite  extind, 
he  was  melting  it  again  in  order  to  renew  it.  Some 
light  fibrous  things  chanced  to  be  near  it.  While  it 
was  foftening,  it  became  very  fenfibly  eledrical,  caufing 
thefe  fibres  to  bend  towards  it,  and  even  to  cling  to  the 
tube.  We  fhall  fee  by  and  bye,  that  he  was  miftaken 
in  expeding  more  remarkable  appearances,  and  that  the 
theory,  when  properly  ajjplied,  does  not  proniife  them. 

Having  thus  eftabliflied  (as  we  think)  this  theory  on 
fufficient  foundations  for  making  it  a very  perfpicuous 
way  of  explaining  the  phenomena  of  induced  eledri- 
city, we  proceed  to  compare  it  with  the  fecond  general 
fad  in  eledricity. 

Prop.  II.  When  an  infulated  body  B is  brought  Elsdricity 
very  near  an  eledrified  body  A,  a fpark  is  obferved  to  by  commu- 
pafs  between  them,  accompanied  with  a noife  ( which 
we  fhall  call  the  eledric  Snap),  and  B is  now  eledri- 
fied permanently,  and  the  eledricity  of  A is  dimi- 
nifhed. 

Although  this  be  one  of  the  moft  familiar  fads  in 
eledricity,  it  will  be  proper  to  confider  its  attending 
circumftances  in  a way  that  conneds  it  with  what  we 
have  now  liarned  concerning  eledricity  by  pofition. 

Let  the  infulated  body  A (fig.  14.)  be  furnifhed 
with  a cork-ball,  hanging  by  a filk  thread  from  a glafs 
ftalk  Gonneded  with  A ; let  B be  fitted  up  in  the  fame 
manner  ; let  A be  eledrified  weakly,  and  its  degree  of 
eledricity  be  eftimated  By  the  inclination  of  the  ball 
towards  A : fince  B is  not  eledrified,  its  eledrometer 
will  hang  perpendicular;  but  when  it  approaches  A 
(keeping  the  eledrometers  on  the  remote  fides  of  both ), 
its  eledrometer  will  approach  it,  and  the  eledromecer 
of  A will  gradually  approach  the  perpendicular.  When 
the  bodies  are  brought  very  near,  a fpark  is  feen  be- 
tween them  ; and,  at  that  inftant,  the  eledrometer  of 
B comes  much  neai  er  to  it,  and  that  of  A drops  farther 
from  it.  If  they  be  now  feparated,  their  eledrometers 
will  retain  their  new  pofitions  with  very  little  change, 
and  B will  now  manifeft  the  fame  kind  of  eledricity 
with  A. 

Such  is  the  appearance  when  A has  been  but  weakly 
eledrified.  Bringing  B near  A,  the  fluid  m B is  drawn 
to  the  remote  fide,  if  A be  overcharged,  or  drawn  to 
the  lide  neareft  to  A,  if  A has  been  undercharged.  B 
ads  on  its  eledrometer  in  confequence  of  the  change 
made  in  the  difpofition  of  its  fluid.  The  eledrometer 
is  attraded.  In  the  mean  time,  the  change  made  in 
the  difpofition  of  the  fluid  in  B affeds  the  moveable 
fluid  in  A.  If  A was  overcharged,  the  ajacenc  fide 
of  B becomes  undercharged,  and  its  redundant  matter, 
attrading  the  fluid  in  A,  condenfes  it  in  the  adjacent 
fide,  abitrading  part  of  the  redundant  fluid  from  that 
fide  which  is  next  to  the  pith  ball.  Then  the  joint  ac- 
tion of  the  whole  redundant  fluid  in  A on  the  pith-ball 
is  diminiflied. 

As  there  is  now  an  attradlon  in  the  redundant  fluid  Mull  h^p- 
in  A for  the  redundant  matter  on  the  adjacent  fide  of  penabrupt- 
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76  3*  If  eledrlfied  conducing  body  touch  any  thing 
Infulation  communicating  with  the  ground  by  perfedt  condudlors, 

all  its  electricity  muft  dilappear,  and  none  can  appear 
appLran-'^  in  the  body  touched  by  it ; for  the  mafs  of  the  earth 
bears  fuch  an  unmeafurable  proportion  to  that  of  the 
greatefl:  body  that  we  can  eledtrify,  that  when  the  re- 
dundancy or  deficiency  is  divided  between  them,  it  muft 
be  imperceptible  in  both. 

77  Hence  the  neceflity  of  infulation^  as  it  is  called,  or 
the  furrounding  by  non-condudlors  every  body  w'hich 
we  would  have  exhibit  eledlrlc  appearances.  We  muft 
refer  the  reader  to  the  article  Electricity  in  the  En- 
eycl.  for  all  the  obfervations  on  this  head,  and  the  rea- 
fons  of  preference  given  to  certain  fubftances  to  be  em- 
ployed for  infulating  fupports.  But  we  muft  confider, 
in  its  proper  place,  the  manner  in  which  the  elediric 
fluid  is  diffipated  by  imperfedtly  infulating  fubftances ; 

yg  a fubjedt  intimately  connected  with  the  theory. 

\.n  eledtri-  4-  Any  uneledtrified  body  will  be  firft  attradted  by 
ied  body  an  eledlrified  body,  will  touch  it,  and  will  then  be  re- 
ttradlsand  pelled.  The  neutral  body  is  rendered  eledtrical  by  in- 
hen jepels  It  is,  in  confeqtience  of  this,  attradted,  comes 

rified  bo-  enough  to  receive  a fpark,  or  even  touches  it,  and 

j,  is  then  eledtrified  by  communication  ; and,  in  confe- 

qnence  of  this,  it  is  repelled.  This  is  confirmed  by  an 
endlefs  train  of  experiments.  It  was  firft  taken  notice 
of  (we  think)  by  Sir  Ifaac  Newton.  Otho  Guericke, 
a gentleman  of  Magdeburgh,  to  whom  we  owe  the  air 
pump,  mentions  many  inftanees  of  the  repulfion,  but 
did  not  obferve  that  it  was  an  univerfal  law.  Newton 
was  fo  ftruck  with  it  as  to  engage  in  a confiderable 
train  of  experiments  in  the  early  part  of  his  life,  while 
meditating  on  the  power  of  gravity  ; but  even  his  fa- 
gacious  mind  did  not  obferve  the  whole  procefs  of  na- 
. ture  in  his  experiments.  He  obferved,  that  the  light 
bodies  which  rofe  and  adhered  to  the  rubbed  plate  of 
glafs  were  foon  after  repelled  by  it ; but  did  not  ob- 
I'erve,  that  the  fame  piece  would  again  rife  to  the  glafs 
after  it  had  touched  the  table.  This  fadt  Is  now  the 
foundation  of  many  experiments,  which  the  itinerant 
eledtricians  vie  with  each  other  in  rendering  very  amu- 
fing.  We  may  render  them  inftrudtive.  Take  away 
the  middle  condudtor  B (fig.  ii.),  and  hang  in  its 
place  a cork  ball  by  a long  filk  thread.  Asibon  as  the 
eledtric  body  D is  brought  near  to  A,  the  ball  is  at- 
tradted by  its  remote  end,  comes  into  contadt,  is  re- 
pelled by  it,  and  attradted  by  the  adjacent  end  of  C, 
touches  it,  is  faintly  repelled  by  it,  and  again  attradted 
by  A ; and  the  operation  is  repeated  feveral  times. 
When  all  has  ceafed,  remove  C,  and  alfo  the  elediric  D. 
C is  found  to  have  the  fame  eledtricity  with  D,  and 
A has  the  oppofite  eledtricity.  The  procefs  is  too  ob- 
vious to  need  any  detailed  application  of  the  theory. 
The  cork  ball  was  the  carrier  of  fluid  from  A to  C If 
1)  was  eledtric  by  redundancy,  or  from  C to  A if  D was 
undercharged.  If  inftead  of  removing  C when  the  vi- 
brations of  the  ball  have  ceafed,  we  bring  D a little 
nearer,  they  will  be  renewed,  and,  after  fomc  time,  will 
again  ceafe.  The  reafon  is  plain.  The  carrier  ball 
had  brought  the  condudtor  A into  a ftate  of  equilibri- 
um with  the  adlion  of  D.  But  this  adtion  Is  now  in- 
t creafed,  and  the  effedts  are  renewed.  If  we  now  re- 
move D,  the  ball  will  vibrate  between  A*and  C with 
great  rapidity  for  a confiderable  time  before  the  vibra- 
tions come  to  an  end  and  we  fliall  find  their  number 
SuPPL,  VoL,  I. 


to  be  the  fame  as  before.  The  enufe  of  this  is  alfo 
abvious  from  the  theory.  We  may  fuppofe  A to  he 
negative,  and  C pofitive.  One  of  them  will  attradl  the 
ball  into  contadt,  and  will  repel  it,  having  put  it  into 
an  elediric  ftate  oppofite  to  that  of  the  other  condudtor. 

It  now  becomes  a carrier  of  fluid  from  the  pofitive  to 
the  negative  condudtor,  till  it  nearly  reftore  both  to 
their  primitive  ftate  of  neutrality. 

^ There  is  frequently  a feeming  capricloufnefs  in  thofe  Irrcgulari- 
attradlions  and  repulfions.  A pith  ball,  or  a down  fea- 
ther,  hung  by  filk,  will  cling  to  the  condudtor,  or  other- 
wife  eledlrified  body,  and  will  not  fly  off  again,  at  leaft 
for  a long  while.  This  only  happens  when  thofe  bo- 
dies arc  fo  dry  as  to  be  almoft  non'condudtors.  They 
acquire  a pofitive  and  negative  pole,  like  an  iron  nail 
adhering  to  a magnet,  and  are  not  repelled  till  they  be- 
come almoft  wholly  pofitive  or  negative.  It  never  hap- 
pens with  condudling  light  bodies. 

5.  It  fhould  follow  from  the  theory,  that  the  eledtric  Eledtric  ac- 
attradtions  and  repulfions  will  not  be  prevented  by  the  tion,  like 
intervention  of  non-condudting  fubftances  in  their  neu- 
tral  ftate.  Accordingly,  it  is  a fadt,  that  tire  interpo-  h”n<iLcdby 
fition  of  a thin  pane  of  glafs,  let  it  be  ever  fo  extenfive,  inter- 
does not  hinder  the  eledlrometer  from  being  affedted,  polltion  of 
Alfo,  if  an  infulated  elediric  be  covered  with  a glafs  non-con- 
bell,  an  eledlrometer  on  the  outfide  will  be  affedted. 

Nay,  a metal  ball,  covered  to  any  thicknefs  withfealing- 
vax,  when  eledtrified,  will  affedt  an  eledlrometer  in  the 
fame  way  as  when  naked.  We  cannot  fee  how  thefe 
fadts  can  be  explained  by  the  adlion  of  elediric  atmof- 
pheres.  It  is  indeed  faid,  that  the  atmofphere  on  one 
fide  of  the  glafs  produces  an  atmofphere  on  the  other  ; 
but  we  have  no  explanation  of  this  produdlion.  If  the 
interpofed  plate  be  a non-condudlor,  how  does  the  one 
atmofphere  produce  the  other  ? It  muft  produce  this 
effedl  by  adling  at  adiftance  on  the  particles  which  are 
to  form  this  atmofphere.  Of  what  ufe,  then,  is  the 
atmofphere,  even  if  thofe  atmofpheres  could  effedl  the 
obferved  motions  of  the  eledlrometer  in  confiftency 
with  the  laws  of  mechanics  ? The  atmofpheres  only 
fubftitute  millions  of  attradlions  or  repulfions  in  place 
of  one.  We  muft  obferve,  however,  that  the  motions 
of  the  eledlrometer  are  modified,  and  fometimes  greatly 
changed,  by  the  interpofed  non-condudling  plate  ; but 
this  is  owing  to  the  eledlricity  induced  on  the  plate. 

If  the  elediric  is  pofitive,  the  adjacent  furface  of  the 
plate  becomes  faintly  negative,  and  the  fide  next  the 
eledlrometer  flightly  pofitive.  This  affedls  the  eledtro- 
meter  even  more  than  the  more  remote  elediric  does. 

That  this  is  the  caufe  of  the  difference  between  the 
ftate  of  the  eledlrometer  when  the  plate  is  there  and 
when  it  is  removed,  will  appear  plainly  by  breathing 
gently  on  the  glafs  plate  to  damp  it,  and  give  It  a fmall 
condudling  power.  This  wfill  make  fome  change  in  the 
pofition  of  the  eledlrometer.  Continue  this  more  and 
more,  till  the  plate  will  no  longer  infulate.  The  chan- 
ges produced  on  the  eledlrometer’s  pofition  will  form  a 
regular  feries,  till  it  is  feen  to  affume  the  very  pofition 
which  it  would  have  taken  had  the  plate  been  brafs. 

Then,  confidering  thofe  changes  in  a contrary  order, 
and  fuppofing  the  feries  continued  a little  farther,  we 
fliall  always  find  that  it  leads  to  the  pofition  which  it 
would  have  taken  when  no  plate  whatever  is  interpofed. 

We  confider  this  as  an  important  fad,  {hewing  that  the 
elediric  adlion  is  fimilar  to  gravitation,  and  that  there 
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B,  it  Is  reafonable  to  fuppofe,  that  when  this  attrac- 
tion, joined  to  the  repuHion  of  the  redundant  fluid  be- 
hind it,  is  able  to  overcome  the  attraaion  which  con- 
nefls  it  with  the  fuperficial  particles  of  the  matter,  it 
will  then  efcape  and  fly  into  B : but  this  w'ill  not  hap- 
pen gjradually,  but  at  once,  as  foon  as  the  expelling 
force  has  arifen  to  a very  confiderable  intenfity.  We 
cannot  fay  what  is  the  precife  augmentation  that  is  ne- 
ceffary  ; but  we  can  clearly  fee,  that  however  great  the 
attradion  for  the  adjoining  particles  may  be,  while  the 
particle  is  furrounded  by  therm  on  all  fides,  it  will  yield 
to  the  fmalleft  inequality  of  force,  becaufe  the  particles 
before  it  attraft  as  much  as  thofe  behind  it ; but  w’hen 
it  is  juil  about  to  quit  the  laft  or  fuperficual  particles  of  A, 
a much  greater  force  is  now  neceflary.  It  can  be  ftridtly 
demonflrated,  that  when  the  mutual  tendency  is  inverfe- 
ly  as  the  fquare  of  the  dillance,  the  adion  of  a particle 
placed  immediately  without  a fphere  of  fuch  matter 
is  double  of  its  adtion  when  fituated  in  the  very  fur- 
face*.  A Jaltus  of  this  kind  mull  obtain  whatever  be 
the  law  of  eledlric  attradlion.  We  fhall  fee  other  caufes 
alfo  which  fhould  prevent  the  efcape  of  redundant  fluid, 
and  alfo  its  admiflion,  till  the  impelling  force  is  en- 
creafed  in  a certain  abrupt  degree. 

Thefe  obfervations  muft  fuffice  at  prefent  to  explain 
the  defultory  nature  of  this  transference,  if  there  be 
really  a transference.  That  this  has  happened,  may  be 
confidently  inferred  from  the  hidden  diminution  of  the 
eledlricity  of  A,  indicated  by  the  fudden  fall  of  its 
eledtrometer  ; but  it  is  more  exprefsly  eftablifhed,  that 
there  has  been  a transference  by  the  change  produced 
on  B.  It  is  now  permanently  eledtrified,  and  its  elec- 
tricity is  of  the  fame  kind  with  that  of  A,  pofitive  or 
negative  according  as  A is  pofitive  or  negative.  And 
now  we  are  enabled  to  explain  the  third  general  fadl 
in  eledtricity. 

Prop.  III.  When  a body  has  imparted  eledtricity  to 
another,  it  conftantly  repels  it,  unlefs  that  other  has 
afterwards  imparted  all  its  eledtricity  to  other  bodies. 
Thisfadt,  from  which  there  is  no  exception,  is  an  im- 
mediate confequence  of  the  theory.  Before  the  trans- 
ference fuppofed  by  it,  B was  in  its  natural  ftate  ; after 
the  transference,  both  bodies  contain  redundant  fluid,  or 
redundant  matter  ; therefore  they  muft  mutually  repel. 

We  may  now  take  another  form  of  the  experiment, 
which  will  be  much  more  convincing  and  inftrudtive. 
Let  A be  eledtrified  pofitively,  or  by  redundancy,  and 
let  its  eledlrometer  be  attached  to  it  by  a condudting 
ftalk,  and  have  a flaxen  thread  ; let  this  be  the  cafe  alio 
with  the  eledlrometer  of  B ; then  the  appearances  fhould 
happen  in  the  following  order  : When  A is  made  to 

approach  B,  the  eledlrometer  of  B muft  gradually  rife, 
diverging B ; becaufe  the  fluid  condenfed  on  the 
fide  remote  from  A,  and  in  the  eledlrometer,  will  adl 
more  ftrongly  on  it  than  the  deferted  matter  on  the 
other  fide  of  B ; and  when  the  fudden  transference  is 
made,  and  B is  wholly  overcharged,  its  eledlrometer 
will  immediately  rife  much  higher,  and  muft  remain  at 
that  height,  nearly,  when  A is  removed.  On  the  other 
hand,  the  eledlrometer  attached  to  the  remote  fide  of 
A muft  defcend,  by  reafon  of  the  change  made  in  the 
dirpofaion  of  the  fluid  in  A by  the  induced  eledlrical 
ftate  of  B : and  vchen  a confiderable  portion  of  the  re- 
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muft  fuddenly  fink  much  lower,  and  remain  in  that  ftate 
when  B is  removed. 

Many  circumftances  of  this  phenomenon  corroborate  Transfer- 
our  belief  of  a real  transference  of  matter.  The  caufe  ence  of  a 
of  electric  adlion  refided  formerly  in  A alone  ; it  now  peculiar 
refides  alfo  in  B.  The  larger  that  B is,  the  greater  is 
the  diminution  of  A’s  eledlric  power,  and  the  fmaller  table.  ^ 
is  the  power  acquired  by  B.  It  perfedlly  refembles, 
i^l  this  refpedl,  the  communication  of  faltnefs,  fweet- 
nefs,  &c.  by  mixing  a folution  of  fait  or  fugar  with 
different  quantities  of  water  ; and  the  evidence  of  a 
transference  of  a fubftance,  the  caufe  of  eledlric  attrac- 
tions and  repulfions,  is  at  leaft  as  cogent  as  the  evidence 
of  the  transference  of  heat,  when  we  mix  hot  water 
with  a quantity  of  cold,  or  when  a hot  folid  body  is 
applied  to  the  fide  of  a cold  one.  We  alfo  fee  fo  many 
chemical  and  other  changes  produced  by  this  commu- 
nication of  eledlricity,  that  we  can  hardly  refufe  ad- 
mitting that  fame  material  fuhjlance  pafles  from  one  body 
to  another,  and,  in  its  new  fituation,  exerts  its  attradlions 
and  repulfions,  and  produces  all  their  effedls. 

We  may  deduce  the  following  corollaries ; all  of 
which  are  exadlly  conformable  to  the  phenomena,  ferv- 
ing  ftill  more  to  confirm  the  juftnefs  of  the  theory. 

1.  A certain  quantity  of  what  poflefles  thefe  powers  Degree 
of  attradlion  and  repulfion  is  necelfary  for  giving  a de-  vivadt 
termined  vivacity  to  the  appearances.  Another  fpark 
muft  pafs  between  the  bodies,  only  if  they,  be  brought 

Jlill  nearer,  and  their  eledlrometers  muft  rife  and  fall  ^ipart 
ftill  farther.  For  by  the  firft  transference  of  eledlric  fluid 
into  B,  the  expelling  power  of  A is  diminilhed,  and 
the  fuperior  attradlion  of  the  redundant  matter  in  the 
adjacent  fide  of  B is  alfo  counteradled  by  the  repulfion 
of  the  fluid  which  has  entered  into  it ; therefore  no 
more  will  follow  unlefs  thefe  forces  be  encreafed,  at 
leaft  to  their  former  degree.  When  this  addition  has 
been  made  to  B,  and  this  abftradlion  from  A,  their 
refpedlive  eledlrometers  muft  be  affedled.  All  this  is 
in  perfedl  conformity  to  experience.  ^ 

2.  All  the  phenomena  of  communicated  eledlricity  Comi 
muft  be  more  remarkable  in  proportion  to  the  con-  catioi 
dudling  power  of  the  bodies.  A very  imperfedl  con-  rema 
dudlor,  fuch  as  glafs  or  fealing-wax,  will  impart  or  re-  “ 
ceive  fluid  only  between  the  very  neareft  parts ; whereas 

a metalline  body  is  inftantly  affedled  through  its  whole 
extent.  This  dedudlion  is  perfedlly  agreeable  to  the 
whole  train  of  eledlric  experiments.  The  finger  re- 
ceives a ftrong  fpark  from  a large  metalline  eleftrlfied 
body,  which  difeharges  every  part  of  it  of  a portion  of 
its  eledlricity.  But  an  excited  globe,  which  (hews,  by 
its  adlion  on  a diftant  body,  as  great  a degree  of  eledlri- 
city, v/ill  give  only  a very  finall  fpark  ; and  it  is  found 
not  to  be  affedled  at  any  confiderable  diftance  from  the 
point  of  its  furface  from  which  the  transference  was 
made.  The  whole  eledlricity  of  a perfedl  condudlor  is 
difeharged  by  touching  it ; but  a nonconduftor  will 
fucceffively  give  fparks,  if  touched  in  many  different 
parts ; and  it  may  be  feen  by  a nice  eledlrometer,  that 
each  contad:  takes  away  the  eledlricity  only  from  a 
very  fmall  fpace  round  it:  and  it  is  further  highly  de- 
ferving  of  notice,  that  fome  time  after  a fpark  has  been 
obtained  from  a particular  fpot  of  the  eledtric,  a fecond 
fpark  may  be  obtained  from  it,  the  eledlricity  of  the 
neighbouring  parts  having  been  gradually  diffufed 
through  it. 
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76  3.  If  an  cledrified  condufting  body  touch  any  thing 

Infuktion  communicating  with  the  ground  by  perfed  condudlors, 
ncceffary  electricity  muft  dilappear,  and  none  can  appear 

appL^ran-'^  in  the  body  touched  by  it ; for  the  mafs  of  the  earth 

bears  fuch  an  unmeafurable  proportion  to  that  of  the 
greateft  body  that  we  can  eledtrify,  that  when  the  re- 
dundancy or  deficiency  is  divided  between  them,  it  muft 
be  imperceptible  in  both. 

77  Hence  the  neceffity  of  infulation^  as  it  is  called,  or 
the  furrounding  by  non-condudlors  every  body  w'hich 
we  would  have  exhibit  eledtric  appearances.  We  muft 
refer  the  reader  to  the  article  Electricity  in  the  En~ 
eycl.  for  all  the  obfervations  on  this  head,  and  the  rea- 
Ibns  of  preference  given  to  certain  fubftances  to  be  em- 
ployed for  infulating  fupports.  But  we  muft  confider, 
in  its  proper  place,  the  manner  in  which  the  eledlric 
fluid  is  diflipatcd  by  imperfedlly  infulating  fubftances ; 

^3  a fubjedt  intimately  connected  with  the  theory. 

An  eledtri-  4-  Any  uneledtrified  body  will  be  firft  attradted  by 
fied  body  an  eledtrified  body,  will  touch  it,  and  will  then  be  re- 
attradlsand  pelled.  The  neutral  body  is  rendered  eledtrical  by  in- 
then  jepe  s jmg-ion.  It  is,  in  confequence  of  this,  attradted,  comes 
trified  bo-  to  receive  a fpark,  or  even  touches  it,  and 

^y.  is  then  eledtrified  by  communication  ; and,  in  confe- 

quencc  of  this,  it  is  repelled.  This  is  confirmed  by  an 
endlefs  train  of  experiments.  It  was  firft  taken  notice 
of  (we  think)  by  Sir  Ifaac  Newton.  Otho  Guericke, 
a gentleman  ot  Magdeburgh,  to  whom  we  owe  the  air 
pump,  mentions  many  inftanees  of  the  repulfion,  but 
did  not  obferve  that  it  was  an  univerfal  law.  Newton 
was  fo  ftruck  with  it  as  to  engage  in  a confiderable 
train  of  experiments  in  the  early  part  of  his  life,  while 
meditating  on  the  power  of  gravity  ; but  even  his  fa- 
gacious  mind  did  not  obferve  the  whole  procefs  of  na- 
ture in  his  experiments.  He  obferved,  that  the  light 
bodies  which  rofe  and  adhered  to  the  rubbed  plate  of 
glafs  were  foon  after  repelled  by  it ; but  did  not  ob- 
ferve, that  the  fame  piece  w^ould  again  rife  to  the  glafs 
after  it  had  touched  the  table.  This  fadl  is  now  the 
ioundation  of  many  experiments,  which  the  itinerant 
eledtricians  vie  with  each  other  in  rendering  very  amu- 
fing.  We  may  render  them  inftrudlive.  Take  away 
the  middle  condudlor  B (fig.  ii.),  and  hang  in  its 
place  a cork  ball  by  a long  filk  thread.  AsXoon  as  the 
eledlric  body  D is  brought  near  to  A,  the  ball  is  at- 
trafted  by  its  remote  end,  comes  into  contadf,  is  re- 
pelled by  it,  and  attradted  by  the  adjacent  end  of  C, 
touches  it,  is  faintly  repelled  by  it,  and  again  attradted 
by  A ; and  the  operation  is  repeated  feveral  times. 
When  all  has  ceafed,  remove  C,  and  alfo  the  eledtric  D. 
C is  found  to  have  the  fame  eledtricity  with  D,  and 
A has  the  oppofite  eledtricity.  The  procefs  is  too  ob- 
vious to  need  any  detailed  application  of  the  theory. 
The  cork  ball  was  the  carrier  of  fluid  from  A to  C If 
D was  eledtric  by  redundancy,  or  from  C to  A if  D was 
undercharged.  If  inftead  of  removing  C when  the  vi- 
brations of  the  ball  have  ceafed,  we  bring  D a little 
nearer,  they  will  be  renewed,  and,  after  fomc  time,  will 
again  ceafe.  The  reafon  is  plain.  The  carrier  ball 
had  brought  the  condudtor  A into  a ftate  of  equilibri- 
um with  the  adtion  of  D.  But  this  adtion  Is  now  in- 
creafed,  and  the  effedts  are  renewed.  If  we  now  re- 
move D,  the  ball  will  vibrate  between  A* and  C with 
great  rapidity  for  a confiderable  time  before  the  vibra- 
tions come  to  an  end  i and  we  fhall  find  their  number 
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to  be  the  fame  as  before.  The  enufe  of  this  is  alfa 
abvious  from  the  theory.  We  may  fuppofe  A to  be 
negative,  and  C pofitive.  One  of  them  will  attradf  the 
ball  into  contadl,  and  will  repel  it,  having  put  it  Into 
an  eledtric  ftate  oppofite  to  that  of  the  other  condudlor. 

It  now  becomes  a carrier  of  fluid  from  the  pofitive  to 
the  negative  condudtor,  till  it  nearly  reftore  both  to 
their  primitive  ftate  of  neutrality. 

^ There  is  frequently  a feeming  capricloufnefs  in  thofe  Irrcgulari- 
attradtions  and  repulfions.  A pith  ball,  or  a down  fea- 
ther,  hung  by  filk,  will  cling  to  the  condudlor,  or  other- 
wife  eledtrified  body,  and  will  not  fly  off  again,  at  leaft 
for  a long  while.  This  only  happens  when  thofe  bo- 
dies arc  fo  dry  as  to  be  almoft  non-condudlors.  They 
acquire  a pofitive  and  negative  pole,  like  an  iron  nail 
adhering  to  a magnet,  and  are  not  repelled  till  they  be- 
come almoft  wholly  pofitive  or  negative.  It  never  hap- 
pens with  condudling  light  bodies. 

5.  It  Ihould  follow'  from  the  theory,  that  the  eledtric  Eledlrkac- 
attradtions  and  repulfions  will  not  be  prevented  by  the  cion,  like 
intervention  of  non-condudting  fubftances  in  their  neu- 
tral  ftate.  Accordingly,  it  is  a fadt,  that  tire  interpo-  hindLcdby 
fition  of  a thin  pane  of  glafs,  let  it  be  ever  fb  extenfive,  inter- 
does not  hinder  the  eledlrometer  from  being  affedled.  polition  of 
Alfo,  if  an  infulated  eledtric  be  covered  with  a glafs  non-con- 
bell,  an  eledlrometer  on  the  outfide  will  be  affedled. 

Nay,  a metal  ball,  covered  to  any  thicknefs  withfealing. 
wax,  when  eledtrified,  w’ill  affedt  an  eledlrometer  in  the 
fame  way  as  when  naked.  We  cannot  fee  how  thefe 
fadts  can  be  explained  by  the  adtion  of  eledtric  atmof- 
pheres.  It  is  indeed  faid,  that  the  atmofphere  on  one 
fide  of  the  glafs  produces  an  atmofphere  on  the  other  ; 
but  we  have  no  explanation  of  this  produdllon.  If  the 
interpofed  plate  be  a non-condudlor,  how  does  the  one 
atmofphere  produce  the  other  ? It  muft  produce  this 
effedt  by  adling  atadiftance  on  the  particles  which  are 
to  form  this  atmofphere.  Of  what  ufe,  then,  is  the 
atmofphere,  even  if  thofe  atmofpheres  could  effedt  the 
obferved  motions  of  the  eledlrometer  in  confiftency 
with  the  laws  of  mechanics  ? The  atmofpheres  only 
fubftitute  millions  of  attradllons  or  repulfions  in  place 
of  one.  We  muft  obferve,  however,  that  the  motions 
of  the  eledlrometer  are  modified,  and  fometimes  greatly 
changed,  by  the  interpofed  non-condudting  plate  ; but 
this  is  owing  to  the  eledtricity  induced  on  the  plate. 

If  the  eledtric  is  pofitive,  the  adjacent  furface  of  the 
plate  becomes  faintly  negative,  and  the  fide  next  the 
eledlrometer  flightly  pofitive.  This  affedts  the  eledtro- 
meter  even  more  than  the  more  remote  eledtric  does. 

That  this  is  the  caufe  of  the  difference  between  the 
ftate  of  the  eledlrometer  when  the  plate  is  there  and 
when  it  is  removed,  will  appear  plainly  by  breathing 
gently  on  the  glafs  plate  to  damp  it,  and  give  it  a fmall 
condudling  power.  This  w'ill  make  fome  change  in  the 
pofition  of  the  eledlrometer.  Continue  this  more  and 
more,  till  the  plate  will  no  longer  infulate.  The  chan- 
ges produced  on  the  eledtrometer’s  pofition  will  form  a 
regular  feries,  till  it  is  feen  to  affume  the  very  pofition 
which  it  would  have  taken  had  the  plate  been  brafs. 

Then,  confidering  thofe  changes  in  a contrary  order, 
and  iuppofing  the  feries  continued  a little  farther,  we 
{hall  always  find  that  it  leads  to  the  pofition  which  it 
would  have  taken  when  no  plate  whatever  is  interpofed. 

We  confider  this  as  an  important  fadt,  fhewing  that  the 
eledtric  adtion  is  fimilar  to  gravitation,  and  that  there 
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3,  T!i«  {park  prodaces  fome  very  remarkable  chemi- 
cal  eiFeds.  It  calcines  metals  even  underwater  or  oil ; 
it  renders  Bolognian  phofphorus  luminous  : It  decom- 
pofes  water,  and  makes  new  compofitions  and  decom- 
poficions  of  many  gaziform  fluids  ; it  alteds  vegetable 
colours  ; it  blackens  the  calces  of  bifmuth,  lead,  tin, 
luna  cornea  ; it  communicates  a very  peculiar  fmeli  to 
the  air  of  a room,  which  is  diftind  from  all  others  ; and 
in  the  calcination  of  metals,  it  changes  remarkably  the 
fmells  with  which  this  operation  is  ufually  accompani- 
ed : it  afieds  the  tongue  with  an  acidulous  tafte ; it 
agitates  the  nervous  fyftem. — When  we  compare  thefe 
appearances  with  fimilar  chemical  and  phyfiological  phe- 
nomena, which  nataralifts  never  hefitate  in  afcribing  to 
the  adion  of  material  fubftances,  transferable  from  one 
body,  or  one  ftate  of  combination,  to  another,  we  can 
fee  no  greater  reafon  for  hefltating  in  afcribing  the  elec- 
tric phenomena  to  the  adion  of  a material  fubftance  ; 
which  we  may  call  a Jluid^  on  account  of  its  conneded 
mobility,  and  the  ekBric  fluids  on  account  of  its  diftin- 
guifliing  effeds.  We  are  well  aware,  that  thefe  evi- 
dences do  not  amount  to  demonftration  ; and  that  it  is 
polTible  that  the  eledric  phenomena,  as  well  as  many 
chemical  changes,  may  refult  from  the  mere  difference 
of  arrangement,  or  pofition,  of  the  ultimate  particles  of 
bodies,  and  may  be  confidered  as  the  refult  of  a change 
of  modes,  and  not  of  things.  But  in  the  inftances  we 
have  mentioned,  this  is  extremely  Improbable. 

We  therefore  venture  to  aflume  the  exiClence  of  this 
fubftance,  which  philofophers  have  called  the  eledric 
fiuidf  as  a propofition  abundantly  demonftrated  ; and  to 
afiirm,  on  the  authority  of  all  the  above-mentioned 
fads,  that  its  mechanical  charader  is  fuch  as  is  expreff- 
ed  in  Mr  .®pinus’s  hypothefis. 

We  proceed,  therefore,  to  explain  the  moft  intereft- 
ing  phenomena  of  eledricity  from  thefe  principles. 

We  have  feen  that,  in  a perfed  condudor,  in  its  na- 
tural ftate,  the  eledric  fluid  is  uniformly  diftributed, 

‘ and  cannot  remain  in  any  other  condition.  We  are 
particularly  interefted  to  know  how  it  is  diftributed  in 
an  overcharged  or  undercharged  body,  and  how  this  is 
affeded  by  the  circumambient  non-conduding  air.  It 
is  evident  that  much  depends  on  this.  The  tendency 
to  efcape,  and,  particularly,  the  tendency  to  transference 
from  one  body  to  another,  muft  be  greateft  where  the 
fluid  is  moft  conftipated.  We  know  that  it  tends  re- 
markably to  diflipate  from  all  protuberances,  edges, 
and  long  bodies,  and  that  it  is  impoftible  to  confine  it 
in  a body  having  very  acute  far-projeding  points  ; and, 
what  is  more  paradoxical,  it  is  hardly  poflible  to  pre- 
vent its  entering  into  a body  furnilhed  with  a fliarp 
point.  The  fmalleft  refledion  muft  fuggeft  to  our  ima- 
gination, that  a perfedly  moveable  fluid,  whofe  particles 
mutually  repel,  even  at  confiderable  diftances,  and  which 
is  confined  in  a veffel  from  which  it  cannot  efcape, 
muft  be  comprefied  againft  the  fides  of  the  velfel,  and 
be  denfer  there  than  in  the  middle  of  the  veflel.  But 
in  what  proportion  its  denfity  will  dimini  fh  as  we  re- 
cede from  the  w'alls  of  the  veffel,  muft  depend  on  the 
change  of  eledric  repul fion  by  an  increafe  of  diftance. 
The  intenfity  varies  in  the  proportion  of  fome  fundion 
of  the  diftance,  and  may  be  expreffed  by  the  ordinates 
of  a curve,  on  whofe  axis  the  diftances  are  meafured. 
But  we  are  ignorant  of  this  fundion.  We  muft  there- 


fore endeavour  to  difcover  it,  by  obferving  a proper  fo-  Procefs  fer 
lution  of  phenomena.  Having  made  feme  approxima-  difeovering 
tion  to  this  difeovery,  fuch  as  fhall  give  rife  to  a pro^ 
balk  conjedure  concerning  the  fundion  W’hich  expreffes 
the  intenfity  of  eledric  repulfion,  mathematics  will  then 
enable  us  to  fay  how  the  fluid  muft  be  diftributed  (at 
leaft  in  fome  Ample  and  inftrudive  cafes)  in  a perfedly 
conduding  body  furrounded  by  the  air,  and  what  will 
be  its  adion  on  another  body.  Thus  we  fliall  obtain 
oftenfible  refults,  which  we  can  compare  with  experi- 
ments. The  writer  of  this  article  made  many  experi- 
ments v/ith  this  view  above  30  years  ago,  and  flatters 
himfeif  that  he  has  not  been  unfuccefsful  in  his  at- 
tempts. Thefe  were  eonduded  in  the  moft  obvious  and 
Ample  manner,  fuggefted  by  the  reafonings  of  Mr 
pinus ; and  it  was  with  Angular  pleafure  that,  fome 
years  after,  he  perufed  the  excellent  differtation  of  Mr 
Cavendifh  in  the  Philofophical  Tranfadions,  vol.  6r. 
where  he  obtained  a much  fuller  convidion  of  the  truth 
of  the  conclufion  which  he  had  drawn,  in  a ruder  way, 
from  more  familiar  appearances.  Mr  Cavendifli  has, 
with  Angular  fagacity  and  addrefs,  employed  his  mathe- 
matical knowledge  in  a way  that  opened  the  road  to  a 
much  farther  and  more  fcientific  profecution  of  the  difeo- 
very, if  it  can  be  called  by  that  name.  After  this,  Mr 
Coulomb,  a diftinguilhed  member  of  the  French  acade- 
my of  fciences,  engaged  in  the  fame  refearch  in  a way 
ftillmore  refined  ; and  fupported  his  conclufions  by  fome 
of  the  moft  valuble  experiments  that  have  been  offered 
to  the  public.  We  fliall  now  give  a very  brief  account 
of  this  argument ; and  have  premifed  thefe  hiftorical  re- 
marks ; becaufc  the  writer,  although  he  had  eftabliftied 
the  general  conclufion,  and  had  read  an  account  of  his 
inveftigation  in  a public  fociety  in  1769,  in  which  it 
was  applied  to  the  moft  remarkable  fads  then  known 
in  eledtricity,  has  no  claim  to  the  more  elaborate  proofs 
of  the  fame  dodlrine,  which  is  given  in  fome  of  the 
following  paragraphs.  Thefe  are  but  an  application 
of  Mr  Cavendifh’s  more  cautious  and  general  mathema- 
tical procedure,  to  the  fundtion  which  the  writer  appre- 
hends to  be  fufiicicntly  eftablifhed  by  obfervation. 

The  moft  unexceptionable  experiments  with  which 
we  can  begin,  feem  to  be  the  repulfions  obfervable  be- 
tween two  /mail  fpheres.  Whatever  be  the  law  of  difi. 
tribution  of  the  particles  in  a fphere,  the  general  adtion 
of  its  particles  on  the  particles  of  another  fphere  will 
follow  a law  which  will  not  differ  much  from  the  law 
of  adtion  between  two  particles,  if  the  diameters  of  the 
fpheres  be  fmall  in  proportion  to  their  diftance  from 
each  other.  The  inveftigation  was  therefore  begun 
with  them.  But  the  fubjedl  required  an  eledlrometer 
fufceptible  of  comparifon  with  others,  and  that  could 
exhibit  abfolute  meafures.  The  one  employed  was 
made  in  the  following  manner ; and  we  give  it  to  the 
public  as  a valuable  philofophical  inftrument. 

Fig.  15.  reprefents  the  eledtrometer  in  front.  A is  Compara- 
a polilhed  brafs  ball,  ^th  of  an  inch  in  diameter.  It  is  hie  eleda- 
fixed  on  the  point  of  a needle  three  inches  long,  as  flen- 
der  as  can  be  had  of  that  length.  The  other  end  of 
the  needle  paffes  through  a ball  of  amber  or  glafs,  or 
other  firm  non  condudliiig  fubftance,  about  half  or 
three-fourths  of  an  inch  in  diameter ; but  the  end  muft 
not  reach  quite  to  the  furface,  although  the  ball  is  com- 
pletely perforated.  From  this  ball  rifes  a (lender  glafs 
rod  FEL,  three  inches  long  from  F to  E,  where  it 
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4.  This  tendency  is  proportional  to  the  denfity  and 
thicknefs  of  the  plate  or  plates  jointly. 

It  is  only  in  two  or  three  fiinple  cafes  that  we  can 
propofe  to  ftate  with  precifion  what  will  be  the  difpo- 
fition  and  a6lion  of  the  eledlric  fluid  in  bodies  ; but  we 
fhall  feledl  thofe  that  are  mod  inftructive,  and  connected 
with  the  mod  remarkable  and  important  phenomena. 

Let  A-adVi  (fig.  18.)  and  E^/:iH  reprefent  the 
fedlions  of  a part  of  two  infinitely  extended  parallel 
plates  (which  we  fltall  call  A and  E),  confiding  of  folid 
conducting  matter,  in  which  the  electric  fluid  can  move 
without  any  obdruction,  but  from  which  it  cannot 
efcape. 

When  both  Firjl,  Let  them  be  both  overcharged,  A containing 
arc  over-  the  quantity  r of  redundant  fluid,  and  E containing 
charged,  quantity  s,  and  let  r be  greater  than  /. 

The  fluici  will  be  difpofed  in  the  following  manner: 

1.  There  will  be  two  drata,  A a bld>  and  G g h H, 
adjoining  to  the  remote  furfaces,  in  each  of  which 

f / 

the  quantity will  be  crowded  together  as  clofe  as 

pofllhle. 

2.  Adjoining  to  the  interior  furface  (that  is,  the  fur- 
face  neared  to  E)  of  the  plate  A,  there  will  be  a dra- 

^ ^ 

turn  C c dJ),  containing  the  quantity  — ^ — crowded  to- 
gether. 

3.  The  adjacent  fide  of  E will  have  a dratum  E «-/F, 

. . ^ 

jud  fufficient  for  containing  the  quantity — ^ — at  its 

natural  denfity.  This  dratum  will  be  entirely  exhauded 
of  fluid. 

4.  The  fpaces  'S>hcC  and  T f g G will  be  in  their 
natural  date. 

For  a particle  of  fluid  in  the  fpace  'S>  b cC  is  urged 

r J 

in  the  direction  a d hy  the  force——  (n°  91,  3.), 

2 

r—s 

and  in  the  direction  da  hy  the  force , therefore 


completely  exhauded  of  fluid,  and  the  redundant  mat- 

ter  in  each  will  be  fuch  as  would  be  faturated  by . 

2.  The  dratum  Cc  dT>  will  contain  redundant  fluid 
, crowded  clofe. 


3.  The  dratum  E efY  will  be  deprived  of  fluid,  and 

s — f 

the  quantity  abdraeded  is . 


4.  The  fpaces  'S>  b c C and  Y f g G are  in  the  natu- 
ral date. 

The  demondration  is  the  fame  as  in  the  former  cafe. 

Thirdly.,  Let  A be  overdiarged,  and  E undcrcharg-  When  they 
ed,  A containing  the  redundant  fluid  r,  and  E want-  are  in  op- 
ing the  fluid  j;  and  let  r be  greater  than  s.  Then,  pofiteftatei 

1 . The  drata  A a 3 B and  ^ H contain  the  re- 

r — s 

dundant  fluid , crowded  clofe. 

2 

r ^ 

2.  The  dratum  C c dD  contains  the  quantity , 

2 

crowded  clofe. 

3.  The  dratum  Ee/F  is  exhauded,  and  wants  the 

/*  S 

quantity  — - — . 

4.  The  red  is  in  the  natural  date. 

Cor.  2.  If  the  redundant  fluid  in  A be  jud  fufficient  96 
to  faturate  the  redundant  matter  in  E,  the  two  remote 
furfaces  will  be  in  their  natural  date,  all  the  redundant 
fluid  in  A being  crowded  into  the  dratum  C c d Dp 
and  all  the  redundant  matter  being  in  E f yF. 

This  difpofition  will  be  the  fame,  whatever  is  the 
didance  or  thicknefs  of  the  plates,  unlefs  the  redundant 
fluid  in  A be  more  than  can  be  contained  in  the  whole 
of  E when  crowded  clofe. 

When  the  two  plates  are  overcharged,  the  fluid  Preffure 

r+7* 

prefles  their  remote  furfaces  with  the  force  , and  dency  to 

4 efcape. 

would  efcape  with  that  force  if  a paflage  were  opened. 


it  Is,  on  the  whole,  urged  in  the  diredion  a d with  the  It  would  enter  the  remote  furfaces  of  two  undercharg 
force  /,  which  will  balance  the  repulfion  of  the  redun- 
dant fluid  in  the  other  plate.  A particle  of  fluid  in 
the  fpace  Y fgG  is  repelled  in  the  diredlion  h e hy  s. 
r -J-  / 

force  by  the  fluid  in  G g h H,  and  it  is  attrafled 


ed  plates  with  the  fame  force ; and,  in  either  cafe, 
it  would  run  from  the  inner  furface  of  one  to  the  ad- 


jacent furface  of  the  other,  with  the  force 


in  the  fame  direflion  by  the  redundant  matter  in  E e /F, 
with  the  force . 


Thefe  make  a force  r which  ba-  force 


lances  the  repulfion  r of  the  other  plate.  No  other  dif- 
pofition will  be  permanent ; for  if  a particle  be  taken 
out  from  either  ftratum  A abY>  or  C c dD  into  the 
fpace  between  them,  the  repulfion  from  that  ftratum 
which  it  quitted  is  leflened,  and  the  repulfion  of  the 


If  one  be  overcharged  and  the  other  undercharged, 
fluid  would  efcape  from  the  remote  furface  with  the 

— > and  would  run  through  a canal  between 


them  with  the  force 


r -1“  / 


They  repel  or  attradl  each  other  with  the  force  r-j-/  *,  Mutual  ae» 
according  as  they  are  both  over  or  undercharged,  or  as  tion*. 
oppofite  ftratum,  joined  to  that  of  the  other  plate,  will  one  is  overcharged  and  the  other  undercharged. 


drive  it  back  again.  The  fame  thing  holds  with  refped 
to  the  fluid  in  the  other  plate. 

93  Cor.  I . If  the  two  plates  be  equally  overcharged,  all 
the  redundant  fluid  will  be  crowded  on  the  remote  fur- 
faces, and  the  adjacent  furfaces  will  be  in  the  natural 

94  ftate. 

When  they  In  the  fecond  place,  let  the  plates  be  undercharged, 
are  under-  and  let  r be  the  fluid  wanting  in  A,  and  s the  fluid 
charged,  wanting  in  E,  and  let  s be  greater  than  r ; then, 

I.  The  ftrata  adjoining  to  A a and  H h will  be 


This  example  of  parallel  plates,  infinitely  extended, 
is  the  fimpleft  that  can  be  fuppofed.  But  it  cannot 
obtain  under  our  obfervation ; and  in  all  cafes  which 
we  can  obferve,  the  fluid  cannot  be  uniformly  fpread  in 
any  ftratum,  but  mu  ft  be  denfer  near  the  edges,  or  near 
the  centre,  as  they  are  overcharged  or  undercharged.  pg 
Let  ABD  (fig.  19.)  reprefent  a fphere  of  perfedtly  Difpofition 
conducing  matter,  overcharged  with  eledtric  fluid,  in  a fphcrc. 
which  is  perfedlly  moveable  in  its  pores,  but  cannot 
efcape  from  the  fphere.  Let  it  be  furrounded  by  con- 

duifting 


ELECT 

dueling  matter  faturated  with  moveable  fluid . It  is  re- 
quired to  determine  the  difpofltion  of  the  fluid  within 
and  without  this  fphere. 

Sir  Ifaac  Newton  has  demonftrated  (Prlnc.  I.  7c.) 
that  a particle  placed  anywhere  within  this  fphere, 
is  not  affedled  by  any  matter  that  is  without  the  con- 
centric fpherical  furface  p q r \n  which  itfelf  is  fituated, 
therefore  not  afFefled  by  what  is  between  the  furfaces 
ABD  and  p q r.  He  alfo  demonftrates,  that  the  mat- 
ter within  the  furface  / q r adts  on  the  particle  p in  the 
fame  manner  as  if  tlie  whole  of  it  were  collefted  in  the 
centre  C. 

■ Hence  it  follows,  that  the  redundant  fluid  will  be 

all  conftipated  as  clofe  as  pofllble  within  the  external 
furface  of  the  fphere,  forming  a (hell  of  a certain  mi- 
nute thicknefs,  between  the  fpherical  furfaces  ABD 
and  a b d",  and  all  that  is  within  this  (that  is,  nearer 
the  centre  C)  will  be  in  its  natural  ftate. 

With  refpedl  to  the  diftribution  of  the  fluid  in  the 
furrounding  matter,  which  we  fuppofe  to  be  infinitely 
extended,  we  muft  recolledl  that  this  fhell  of  conftipa- 
ted redundant  fluid  repels  any  external  particle  of  fluid 
in  the  fame  manner  as  if  all  were  colledted  at  C.  Hence 
it  is  evident,  that  the  fluid  in  the  furrounding  matter 
•will  be  repelled,  and,  being  moveable,  it  will  recede 
from  this  centre  ; and  there  will  be  a fpace  all  round  the 
fphere  ABD  which  is  undercharged,  forming  a fhell 
between  the  concentric  furfaces  ABD  and  a j8  This 
fhell  will  contain  fuch  a quantity  of  redundant  matter, 
that  its  attraclion  for  a particle  of  fluid  is  equal  to  the 
repulfion  of  the  ftiell  of  fluid  crowded  internally  on  the 
furface  ABD.  All  beyond  this  furface  u pi  will  be  in 
its  natural  ftate ; for  this  redundant  matter  ads  on  a 
particle  of  fluid,  fituated  farther  from  ths  centre,  in  the 
fame  manner  as  if  all  this  redundant  matter  were  col- 
leded  in  the  centre  C.  So  does  the  redundant  fluid 
in  the  conftipated  (hell.  Therefore  their  adions  ba- 
lance each  other,  and  there  is  no  force  exerted  on  any 
particle  of  fluid  beyond  this  deficient  (hell.  This  de- 
ficient fhell  will  not  affed  the  fluid  in  the  fphere  3 d 
by  Newton’s  demonftration.  No  other  difpofltion  will 
be  permanent.  But  farther : This  undercharged  fhell 
muft  be  completely  exhaufted  ; for  a particle  of  fluid 
placed  between  ABD  and  at  p J'  will  be  more  repelled 
by  the  fluid  in  the  crowded  fhell  within  the  furface 
ABD,  than  it  is  attraded  by  the  redundant  matter  of 
its  own  fhell  that  is  lefs  remote  from  the  centre ; and 
it  is  not  affeded  by  what  is  more  remote  from  the 
centre.  Therefore  the  fluid  without  the  fphere  ABD 
cannot  be  in  equilibrio,  unlefs  the  fhell  between  ABD 
and  et  p he  not  only  rarefied,  but  altogether  exhaufted 
of  fluid. 

If  the  fphere  be  undercharged,  the  fpace  between 
ABD  and  a b d will  be  entirely  exhaufted  of  fluid,  and 
there  will  be  a fhell  » p J'of  redundant  matter  furround- 
ing the  fphere.  All  within  a b d,  and  all  without  « «/', 
will  be  in  its  natural  ftate.  It  is  unnecefTary  to  repeat 
the  fteps  of  the  fame  demonftration. 

This  valuable  propofition  is  by  the  Hon.  Mr  Caven- 

99 

Confequen-  This  would  be  the  difpofltion  in  and  about  a glafs 
cei  of  this  globe  filled  and  furrounded  with  an  ocean  of  water, 
difpofition.  and  having  redundant  fluid  within  it,  on  the  fuppofition 
that  glafs  is  impervious  to  the  ele<ftric  fluid.  But  it 
would  not  affeift  an  eleiftrometer,  even  fuppofing  that 
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the  movements  of  the  eledlrometer  could  be  afFe<fted 
under  water.  Suppofe  the  globe  of  water  to  be  fur- 
rounded  with  air,  and  that  the  fluid  is  difpofed  in  both 
in  the  manner  here  deferibed  ; it  will  be  perfectly  neu- 
tral in  its  adtion  on  any  eledtrometer  fituated  in  the  air. 

But,  by  reafon  of  the  almoft  total  immobility  of  the  fluid 
in  pure  dry  air,  this  ftate  cannot  foon  obtain ; and,  till 
it  obtain,  the  conftipated  fhell  within  the  glafs  muft  re- 
pel the  fluid  in  an  eledtrometer  more  than  the  partially 
rarefied  fliell  of  air,  which  furrounds  the  glafs,  attradts 
it.  By  the  gradual  retiring  of  the  fluid  in  the  furroun- 
ding air  from  the  globe,  the  attradlion  of  the  deferted 
matter  will  come  nearer  to  equality  with  the  repulfion 
of  the  conftipated  fhell  within  the  glafs,  and  the  globe 
will  appear  to  have  loft  fluid.  Yet  it  may  retain  all  the 
redundant  fluid  which  it  had  at  the  firft.  Therefore  we 
are  not  to  imagine  that  a body  fimilar  to  this  globe  has 
no  redundant  eledlric  fluid,  or  only  a fmall  quantity, 
becaufe  we  obferve  it  inadtive,  or  nearly  fo. 

Thus  we  fee,  as  we  proceed,  that  the  iEpinian  theo-  "Vetrified 
ry  is  adequate  to  the  explanation  of  the  phenomena,  bythephe- 
But  we  fee  it  much  more  remarkably  in  a very  familiar  nomena. 
and  amufing  experiment,  ufually  called  the  electric 
WELL.  See  Electricity,  Encycl.  Sedt.  x.  4. 

To  fee  it  in  perfedlion,  make  a glafs  vefTel  of  globu-  * 
lar  fhape,  with  a narrow  mouth,  fufficiently  wide,  how- 
ever,  to  admit  an  eledtrometer  fufpended  to  the  end  of 
a glafs  rod  of  a crooked  form,  fo  that  the  eledtrometer 
can  be  prefented  to  any  part  of  the  infide.  Smear  the 
outfide  of  the  globe  with  fome  tranfparent  clammy 
fluid,  fuch  as  fyrup.  Set  it  on  an  infulating  ftand  (a 
wine  glafs),  and  eledtrify  it  pofitively.  Hold  the  elec- 
trometer near  it,  anywhere  without,  and  it  will  be 
ftrongly  afiedted.  Its  deviations  from  the  perpendicu- 
lar (if  the  ball  of  the  eledtrometer  has  alfo  been  eledtri- 
fied)  will  indicate  a force  inverfely  as  the  fquare  of  the 
diftance  from  the  centre  of  the  globe,  pretty  exadtly, 
if  the  thread  of  the  eledtrometer  is  of  filk.  Now  let 
down  the  eledtrometer  into  the  infide  of  the  globe.  It 
will  not  be  affected  in  any  fenfible  degree,  nor  approach 
or  avoid  any  body  that  is  lying  within  the  globe.  The 
eledtrometer  may  be  held  in  all  parts  of  the  globe,  and 
when  brought  out  again,  is  perfedlly  inadtive  and  neu- 
tral. But  if  the  balls  of  the  eledtrometer  be  touched 
with  a wire,  while  hanging  free  within  the  globe,  they 
will,  on  withdrawing  the  wire,  repel  each  other ; and 
when  taken  out,  they  will  be  found  negatively  eledtri- 
fied.  The  experiment  fucceeds  as  well  with  a metal 
globe  ; nay,  even  although  the  mouth  be  pretty  wide  ; 
in  which  cafe,  there  is  not  a perfedt  balance  of  adtion 
in  every  diredtion.  The  eledtrometer  may  be  made  to 
touch  the  bottom  of  the  globe,  or  anywhere  not  too 
near  the  mouth,  without  acquiring  any  fenfible  eledlri- 
city ; but  if  we  touch  the  outfide  with  the  eledlrome- 
ter,  it  will  inftantly  be  eledlrified  and  ftrongly  repelled. 

Deep  cylinders,  and  all  round  veffels  with  narrow 
mouths,  exhibit  the  fame  faintnefs  of  eledtricity  v/ithin, 
except  near  the  brims,  although  ftrongly  eledlric  with- 
out ; and  even  open  metal  cups  have  the  interior  elec- 
tricity much  diminifhed. 

Refledling  on  this  valuable  propofition  of  Mr  Caven-  Eledric 
dilh,  we  fee  clearly  why  an  overcharged  eledlric  is  only  bodie«  are 
fuperficially  fo  ; and  that  this  will  be  the  cafe  even  al-  fuper- 
though  we  attempt  to  accumulate  a great  quantity 
electricity  in  it,  by  melting  it  in  a thin  glafs  globe,  and 
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ways  proportional  to  c ; and  it  might  be  exprefled 
by  m X c i being  a number  expreffing  what  part  of 
c cT  the  fum  of  J •f'  and / <p  amounts  to  (perhaps  ^th,  or 
■5*o-th,  or  -j%th,  &c.).  But  in  the  cafe  expreffed  in  the 
figure,  d J'  does  not  increafe  fo  fait  as  c <f,  and  in- 
creafes  fafter  than  c J'.  However,  in  the  immediate 
neighbourhood  of  any  point  C,  we  may  exprefs  the 

m c J'  • 

accelerating  force  tending  towards  A by  with- 

out  any  fenfible  error ; that  is,  by  ?/2  — ; that  is,  by 

X 

the  fluxion  of  the  area  of  a hyperbola  HD'G,  having 
CC'  and  CK  for  its  aflymptotes ; and  the  whole  ac- 
tion of  the  fluid  between  F and  D,  on  the  particle  C, 
will  be  exprefled  by  the  area  C CDD'H.  Hence  it 
follows,  that  the  aftion  of  the  fmalleft  conceivable  por- 
tion of  the  canal  immediately  adjoining  to  C on  both 
fides,  or  the  difference  of  the  adfions  of  the  two  ad- 
joining elements,  is  equal  to  the  aftion  of  all  beyond  it. 
This  ftiews,  that  the  ftaie  of  compreflion  is  hardly  af- 
feifled  by  any  thing  that  is  at  a fenfible  diftance  from 
C ; and  that  the  denficy  of  the  fluid,  in  an  indefinitely 
(lender  canal,  is,  to  ail  fenfe,  uniform.  The  geometer 
will  alfo  fee,  that  the  fecond  fluxion  of  'D  d \s  propor- 
tional to  the  force  of  the  diftant  body.  We  learn, 
therefore,  fo  much  of  the  nature  of  the  curve  b c e. — 
( Coulomb^. 

We  are  now  in  a condition  to  examine  the  commu- 
nication of  electricity  by  means  of  conducting  canals 
(which  is  one  of  the  mofl  important  articles  of  the  ftu- 
dy),  having  found  that  the  fluid,  in  a very  (lender  ca- 
nal, is  very  nearly  of  uniform  denfity  throughout. 

There  can  be  no  doubt  but  that,  if  a body  B (fig. 
22.)  be  overcharged  or  undercharged,  any  other  body 
C,  which  communicates  with  it  by  a conducting  canal, 
will  alfo  be  overcharged  or  undercharged.  It  is  as  evi- 
dent, that  if  a body,  in  any  ftate  of  electricity,  be  in 
the  neighbourhood  of  an  overcharged  or  undercharged 
body  A,  while  it  communicates  wfith  C by  a canal  lead- 
ing from  the  fide  moft  remote  from  A,  fluid  will  be 
driven  from  B into  C,  or  abftraCted  from  C into  B. 

It  is  not,  however,  fo  clear,  that  when  the  canal 
leads  from  the  fide  neareft  to  A (as  in  fig.  23.),  fluid 
will  be  driven  from  B into  C.  We  conceive  the  fluid 
to  be  moveable  in  the  body  and  in  this  canal,  but  not 
to  efcape  from  it.  Its  motion,  therefore,  in  this  cafe, 
ftiould,  in  the  opinion  of  Mr  Cavendifti,  refemble  the 
running  of  water  in  a fyphon  by  the  preflure  of  the  air. 
While  the  repulfion  of  the  redundant  fluid  In  A allows 
the  bend  of  the  fyphon  neareft  to  A to  retain  fluid,  a 
current  fhould  take  place  from  B along  the  fliort  leg, 
in  confequence  of  the  fuperior  aCfion  on  the  fluid  in 
the  long  leg.  But  if  the  repulfion  of  A can  drive  the 
fluid  out  of  the  bend  between  E and  F,  Mr  Cavendifti 
thinks,  that  it  does  not  appear  that  fluid  will  come 
up  from  B in  oppofition  to  the  repulfion  of  A,  and 
then  run  along  to  D.  But  fluid  does  not  move,  in  ei- 
ther of  thefe  cafes,  on  the  principle  of  a fyphon  ; be- 
caufe  there  is  nothing  to  hinder  the  fluid  from  expand- 
ing in  the  part  EDF.  And  we  are  rather  difpofed  to 
think,  that  it  will  always  move  from  B,  over  the  bend, 
to  C : For  even  if  the  fluid  can  be  completely  driven 
out  of  the  bend  EF,  it  muft  be  done  by  degrees,  and 
the  fluid  in  the  long  leg  will,  from  the  very  beginning 
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of  the  aClion  of  A,  be  more  moved  from  Its  place  than 
that  in  the  fhort  leg ; and  therefore  will  yield  to  the 
compreflion,  which  aCts  tranfverfely,  and,  by  thusyiekF- 
Ing  more  toward  F than  toward  E,  the  fluid  will  rufti 
through  the  contracted  part,  and  go  into  C.  We  do 
not  fay  this  w'ith  full  confidence  ; but  are  thus  particu- 
lar, on  account  of  an  Important  ufe  that  may  be  made 
of  the  experiment.  For  if  the  body  A be  undercharg-  Proposal 
ed,  fluid  will  certainly  be  attracted  from  C,  and  pafs  for  difeo- 
over  the  bend  into  B,  however  great  the  aCtion  of  A 
may  be.  Perhaps  this  may  be  fo  contrived,  therefore, 
as  to  decide  the  long  agitated  queftion.  Whether  the  elec^ 
tricity  of  excited  glafs  be  plus  or  minus  ? If  it  be  found 
that  this  apparatus,  being  prefented  to  the  rubber  of 
an  electrical  machine,  diminifhes  the  pofitive  eleCtricity 
of  C,  and  increafes  that  of  B ; but  that,  prefenting  the 
fame  apparatus  to  the  prime  conductor,  makes  little 
change — we  may  conclude,  that  the  eleCtricity  of  the 
prime  conductor  is  pofitive.  We  have  tried  the  experi- 
ment, paying  attention  to  every  circumftance  that 
feemed  likely  to  infure  fuccefs ; but  we  have  always 
found  hitherto,  that  the  apparatus  was  equally  alFeCtcd 
by  both  electricities. 

We  muft  now  confider  the  aCtion  of  electrified  bo- 
dies on  the  canals  of  communication  j becaufe  this  will 
give  us  the  eafieft  method  of  afeertaining  the  propor- 
tion in  which  the  expelling  fluid  is  diftributed  between 
them.  For  w’hen  two  bodies  communicate  by  a canal, 
and  have  attained  a permanent  ftate,  we  muft  conceive 
that  their  oppofite  anions  on  the  fluid  moveable  along 
this  canal  are  in  equilibrio,  or  are  equal.  This  will 
generally  be  a much  eafier  problem  than  their  aCtion  on 
each  other,  fince  we  have  feen  a little  a ago,  that  the 
fluid  in  a flender  canal  is  of  uniform  denfity  very  near- 
ly^  A very  few  examples  of  the  moft  important  of 
the  Ample  cafes  muft  fuffice.  j^g 

Therefore  let  AC  (fig.  24.)  reprefent  the  edge  of  ACtion  of  a 
a thin  conducting  circular  plate,  to  which  the  flender  plate  on  a 
canal  CP  is  perpendicular  in  the  centre.  It  is  required  te^iUneal 
to  determine  the  aCtion  of  the  matter  or  fluid,  uniform- 
ly  fpread  over  this  plate,  on  the  fluid  moveable  in  the 
canal  PC  ? 

I.  Required  the  aCtion  of  a particle  in  A on  the 
fluid  in  the  whole  canal?  Join  AP ; and  call  CP  x, 

APy,  and  AC  r;  and  let  f exprefs  the  intenfity  of  ac- 
tion at  the  diftance  i,  or  the  unit  of  the  fcale  on  which 
the  lines  are  meafured. 

/ 

The  action  of  A on  P,  in  the  direction  AP,  is  — . 

This,  W'hen  eftimated  in  the  direction  CD,  is  reduced 

f ^ ^ 

to  — X — ; and  is  therefore  = f — :.  Therefore 

3^  y . . -^3] 

the  fluxion  of  the  aCtion,  in  the  direction  CP,  on  the 


109 


X 


V V • 

f — - (becaufe  x y — y 


whole  canal.  Is / 

, y r 

x)  — f X —•  The  variable  part  of  the  fluent  Is  = 
f — •,  and  the  complete  fluent  z=.  f (C  — — 

3 , y 

where  C is  a conftant  quantity,  accommodated  to  the 
nature  of  the  cafe.  Now,  the  aCtion  muft  vanith  when 
the  canal  vanifties,  or  when  x = o,  and  y — r.  There- 
fore C — — = o,  and  C = — ; and  the  general  ex- 
^ 4 R prelhon 


67< 


ELECT 


preifion  of  the  aifllon  is  f — y)»  —/ 


ry 


ex- 


IIO 

I.  On  a fm- 
g-le  particle 
in  the  canal 


III 


prelling  the  atflion  of  a particle  in  the  circumference  of 
the  plate  on  the  fluid  in  the  whole  canal  CP. 

2.  Required  the  adlion  of  the  plate,  whofe  diameter 
is  A a,  on  the  particle  P ? _ 

Let  a reprefent  the  area  of  a circle,  whofe  diameter 

is  =:  I.  Then  a is  the  area  of  the  plate,  and  z ar  r 
is  the  fluxion  of  this  area;  becaufe  r \ yz=.  y \ z a 
r r IS  =z  z a y Therefore  thd  fluxion  of  the  adion  of 

X 

the  plate  on  the  particle  Pis/X  z ay yY,  y,  = 2/a 
The  fluent  of  this  has  for  its  variable  part 
2 fax  X — ~ (for  when  the  particle  P is  given 
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frly  conftrufted  geometrically,  fo  as  to  give  us  a fenfible 

image  of  this  adion  of  eafy  conception  and  remem- 
I T ..  !_  - iT^  11  .-V fill  A 


^ X 


y" 


does 


not  vary).  This  is  =zz fa  X ~y~ 

this  fluent,  we  mull  add  a conftant  quantity,  W'hich  (hall 
make  the  fluent  = o when  the  particle  P is  at  an  in- 
finite diftance  ; and  therefore  when  x zzy.  Therefore 


I 

y 


X 

‘d’"' 


or  I 


X 

■-  = o» 

y 


or 


C = I ; and  the  com 


II4 


iij 


plete  fluent  for  the  whole  plate  is  2ya  ( i — —j. 

The  meaning  of  this  exprefllon  may  not  occur  to 
the  reader : For  i — — is  evidently  an  abftract  number; 

fo  is  a.  Therefore  the  exprefllon  appears  to  have  no 
reference  to  the  fize  of  the  plate.  But  this  agrees  with 
the  obfervation  in  n°  91.  where  it  was  (hewn,  that  pro- 
vided the  angle  of  the  cone  or  pyramid  remained  the 
fame,  the  magnitude  of  the  bafe  made  no  change  in  its 
attradion  or  repulfion  for  a particle  in  the  vertex. 


a mea- 


It  will  appear  by  and  bye,  that  i — 

fure  or  fundion  of  a certain  angle  of  a cone. 

Cor.  If  PC  be  very  fmall  in  proportion  to  AC,  the 
adion  is  nearly  the  lame  as  if  the  plate  were  infinite : 

X , 

For  when  the  plate  is  infinite,  — is  = o,  and  the  ac- 

tion  is  =:  i,  whatever  is  the  diftance  (fee  n°  91 — 93). 
Therefore,  when  x is  very  fmall  in  coniparifon  of  r,  and 
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a-  On  the 

whole 

canaL 


II3  . 

Geometri- 
cal expref- 
fioiiof  thefe 
actions. 


confequently  of  j,  i — j is  very  nearly  = i. 

3,  To  find  the  adion  of  the  plate  on  the  whole  co- 
lumn ? 

The  fluxion  of  this  mull  be  =:  2 f a X 

• \ 

* \ * * • 

or  zf  a (a; j,  or  2 fa  X (x  — y)  i becaufe  y == 

The  fluent  of  this  has  for  its  variable  part  zf  a 

y 

X {x — A conftant  quantity  muft  be  added, 
v,rhich  fhall  make  it  ~ o when  the  column  = o ; that 
is,  when  y = r,  and  » = o ; that  is,  C — r=zo,  and 
C=r.  Therefore  the  complete  fluent  is  =r:  2/t?  (*;  + 
r—y). 

Thus  have  we  arrived  at  a moft  Ample  exprefllon  of 
the  attradion  or  repulfion  of  a plate  for  fuch  a column, 
or  for  portions  of  fuch  a column.  And  it  is  moft  ea- 


brance.  It  is  as  follows:  Produce  PC  till  CK  — CA, 
and  about  the  centre  P deferibe  the  arch  AI,  cutting 
CK  in  I.  Then  2 fa  X IK  is  evidently  the  geometri- 
cal expreflTion  of  the  attradion  or  repulfion.  This  is 
plainly  a cylinder,  whofe  radius  is  a unit  of  the  fcale, 
and  whofe  height  is  tw’iee  IK. 

In  like  manner,  by  deferibing  the  arch  A i round 
the  centre p,  we  have  z f a X i K for  the  adion  of  the 
plate  on  the  fmall  column  C p ; and  z f a X I r is  the. 
adion  of  the  plate  on  the  portion  P p. 

The  general  meaning  of  the  expreffion  zf  a X IK  is, 
that  the  adion  of  the  whole  plate  on  the  column  PC 
Is  the  fame  as  if  all  the  fluid  In  the  cylinder  a X i IK, 
w'ere  placed  at  the  diftance  i from  tlie  ading  par- 
ticle. 

From  this  propofitlon  may  be  eafily  deduced  fome 
To  complete  ufeful  corollaries  by  the  help  of  the  geometrical 

conftrudion. 

1.  If  PC  be  very  great  in  comparifon  with  AC,  the 
adion  is  nearly  the  fame  as  if  the  column  were  infinite- 
ly extended  ; for  in  this  cafe  IK  is  very  nearly  = CK, 
the  difference  being  to  the  whole  nearly  as  AC  to  twice 
AP. 

2.  If,  in  addition  to  this  Jaft  condition,  another  co-  Important 
lumn ^ C be  very  fmall  in  coniparifon  of  AC,  then  the'  corollaty. 
adion  on  PC  is  to  that  on  />  C very  nearly  as  />  C to 
AC.  For  it  will  appear  that  i K : IK  =:  p Q,  i AC 
very  nearly.  It  is  exadly  fo  when  CP  : CA  = CA 
; C / ; and  it  will  always  be  in  a greater  proportion 
than  that  of  ^ C to  IK. 

This  will  be  found  to  be  a very  Important  obferva- 
tion. 

The  redundant  fluid  has  hitherto  been  fuppofed  to 
be  uniformly  fpread  over  the  plate  ; but  this  cannot 
be  ; becaufe  its  mutual  repulfion  will  caufe  it  to  be 
denfcr  near  the  circumference.  We  have  not  determin- 
ed, by  a formula  of  eafy  application,  what  wflll  be  the 
variation  of  denfity.  Therefore  let  us  confider  the  re- 
fult  of  the  extreme  cafe,  and  fuppofe  the  whole  redun- 
dant fluid  to  be  crowded  into  the  circumference  of  the 
plate,  as  we  faw  that  it  muft  be  on  the  furface  of  a 
globe.  jjg 

In  this  cafe  the  adion  on  the  fluid  in  the  canal  will  Adion  of  a 

, \ T-  1 r , 1 • •>  , circumfer- 

be  / <3  ( r — — ).  For  the  area  of  the  plate  is  a r*,  and  gnee  on  a 

y . czinsii. 

the  adion  of  a particle  in  the  circumference  on  the 


X . 

— IS 

y 


whole  canal  was  fhewn  (n®  109)  to  be  f{^ — There- 
fore the  adion  of  the  whole  fluid  crowded  into  the  cir- 


y—' 


It  may  be 


y — ^ 

cumference  is  f a r^X » = f a f- 

r y / J 
reprefented  as  follows : Deferibe  the  quadrant  C b BE, 
cutting  AP  and  A in  B and  b.  Draw  BD  and  b d 
parallel  to  PC.  Then  PB  y — r,  and  DC  = r 

Therefore  the  adion  is  reprefented  by  f mul- 


y 


and  height  is 


tiplying  a cylinder,  whofe  radius  is  i 
DC.  In  like  manner,  J C is  the  height  of  the  cylin- 
der correfponding  to  the  column  p C,  and  D d the 
height  correfponding  to  ^ p. 

Cor.  I When  CP  is  very  great  in  comparifon  with 
CA,  the  point  D is  very  near  to  A,  and  I is  very  near 
to  G,  and  CD  is  to  IK  nearly  in  the  ratio  of  equality. 

In 
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ng 
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Equivalent 
ocntre  of 
a<flion. 
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In  this  cafe  the  afUon  of  the  fluiM,  uniformly  fpread 
over  the  plate,  is  nearly  double  of  the  adlion  of  the 
fame  fluid  crowded  round  the  circumference  ; for  they 
are  as  cylinders,  having  the  fame  bafes  and  heights  in 
the  ratio  of  2 IK  to  DC,  which  is  nearly  the  ratio  of 
2 to  I. 

2.  On  the  other  hand,  when  the  column  p C \s  very 
fliort,  the  a<5lion  of  the  fluid  fpread  uniformly  over  the 
plate  is  to  its  adtion,  when  crowded  round  the  circum- 
ference, nearly  in  the  ratio  of  4 AC  to  p C.  For  thefe 
adtions  are  in  the  ratio  of  2 X ^ K to  i X ^ C, 
or  as  2 i K to  d C,  or  nearly  as  2 / C to  z/  C,  or  more 
nearly  as  2 b d to  d Q.  But  C di  bdzizbdi  hA. 
+ A r/,  or  nearly  — b d 2 CA.  Therefore  C d : zb  d 
— C : 4 CA  nearly. 

Hence  we  fee  that  the  adlion  on  fhort  columns  is 
much  more  diminiihed  by  the  recefs  of  the  redundant 
fluid  toward  the  circumference  than  that  on  long  co- 
lumns. Therefore,  any  external  eledlric  force  which 
tends  to  fend  fluid  along  this  canal,  and  from  thence  to 
fpread  it  over  the  plate,  will  fend  into  the  place  a great- 
er quantity  of  fluid  than  if  the  fluid  remained  ultimate- 
ly in  a ftate  of  uniform  diftribution  over  its  furface  ; 
and  that  the  odds  will  be  greater  when  the  canal  is 
fliort. 

LaJUy,  on  this  fubjedt.  If  KL  be  taken  equal  to 
AP,  or  PL  be  equal  to  KI,  the  repulfion  which  all 
the  fluid  in  the  plate,  colledled  in  K,  would  exert  on 
the  fluid  in  the  canal  CL,  is  equal  to  the  repulfion 
which  the  fame  fluid,  confcipated  in  the  circumference, 
would  exert  on  the  column  CP.  For  we  have  feen 
that  the  adtion  of  a particle  in  A on  the  whole  column 

PC,  when  eftimated  in  the  diredlion  PC,  is  ; and 

it  is  well  known  that  the  the  adlion  of  a particle  in  K for 

.1  III  y — ^ 

the  column  CL  is  

KC  KL  r y y r ’ 

Therefore  the  adtion  of  the  whole  fluid,  colledted  in 
the  circumference,  on  the  column  CP  is  equal  to  that 
of  the  fame  fluid,  colledted  in  K,  on  the  columns  CL. 

Cor.  I.  If  the  column  CP  is  very  long  in  proportion 
to  AC  or  KC,  the  adtions  of  the  fluids  in  thefe  two 
different  fituations  arc  very  nearly  the  fame.  The  ac- 
tion of  the  fluid  colledted  in  K exceeds  its  adtion  when 
colledted  in  A only  by  its  adtion  on  the  fmall  and  re- 
mote column  LP.  The  adtion  of  all  the  fluid  colledt- 
ed at  K on  the  column  CP,  is  eafily  had  by  taking 
C / = KP.  It  is  equal  to  the  action  of  the  fame  fluid 
placed  in  A on  the  column  C/. 

Cor.  2.  The  adtion  of  all  the  fluid  uniformly  fpread, 
exerted  on  the  column  CP,  is  to  the  adlion  of  the  fame 
fluid  colledted  in  K,  exerted  on  the  column  CL,  as 
2 IK  to  CD. 

If  the  column  CP  is  very  great  in  proportion  to  AC, 
the  half  breadth  of  the  plate,  the  adtion  in  the  firft  cafe 
is  very  nearly  double  of  the  adtion  in  the  other  cafe, 
and  is  exadtly  in  this  proportion  if  CP  is  of  infinite  ex- 
tent. 

Cor.  3.  If  CNO  be  a fpherical  furface  or  fhell  of 
the  fame  thicknefs  and  diameter  as  the  plate  A a,  and 
containing  redundant  fluid  of  the  fame  uniform  deufity, 
the  adlion  of  this  fluid  on  the  column  CL  is  double  of 
the  adtion  of  the  fluid  uniformly  fpread  over  the  plate 
on  the  column  CP,  and  quadruple  of  the  adtion  of  the 
fluid  colledted  in  the  circuuiferencc ; for  the  adlion  is 
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the  fame  as  if  all  were  colledted  in  ths  centre  K,  and 
the  furface  of  the  fphere  Is  four  times  that  of  the  plate, 
and  therefore  they  are  as  IK  to  2 CD. 

Let  us  now  confider-the  comparative  adtions  of  dif- 
ferent plates  or  fpheres  on  the  canals.  125 

If  two  circular  plates,  DE,  de  (fig.  25.),  or  two  Adtions  of 
fpherical  fhells,  ABO,  a b 0,  of  equal  diameters  and  two  plates, 
thicknefs  wdth  the  plates,  and  containing  redundant 
fluid  of  equal  denfity,  communicate  with  infinitely  ex- 
tended  ftraight  canals  OP,  op,  pafllng  through  their  r„e(.ers, 
centres  perpendicular  to  their  fiirfaces,  alfo  containing  when  the 
fluid  uniformly  diflributed  and  of  equal  denfity — the  ca'aals  arc 
renulfions  will  be  as  the  diameters.  For  the  repulfion 
of  the  fpherical  furfaces  is  the  fame  as  if  all  the  fluid 
were  colledted  at  their  centres  ; and  the  repulfion  of 
the  fluid  uniformly  fpread  over  the  furfaces  of  the  plates 
is  double  of  its  repulfion  if  colledted  at  the  centres  of 
thefe  fpheres ; it  follows,  that  the  repulflons  of  the 
plates  are  proportional  to  thofe  of  the  fphere.  But 

becaufe  the  repulfion  of  a plate  whofe  radius  is  r was 
^ — — 

fliewn  to  be  = 2 « X r-{-x — y,  and  w'hen  the  co- 


lumn is  infinitely  extended,  x is  equal  toy,  and  r -h  x — y 
= r,  it  follows,  that  the  repulflons  of  the  plates  are  as 
2 iz  X K and  2 a X r,  or  proportional  to  their  diame- 
ters. Therefore  the  repulflons  of  the  fpheres  are  in 
the  fame  proportion. 

Cor.  I.  If  the  canals  are  very  long  In  proportion  to  126 
the  diameters  of  the  plates  or  fpheres,  the  repulflons 
are  nearly  in  the  fame  proportion. 

Cor.  2.  But  as  the  lengths  of  the  canals  diminifli,  the  The  pro- 
repulfions  approach  to  equality  ; for  it  was  fliewn,  that  portion  of 
when  the  canal  was  very  fmall,  the  repulfion  was  to  the  greateft 
that  for  an  infinite  column  as  the  leneth  of  the  canal 
to  the  radius  ot  the  plate.  1 herefore  if  the  radius  canals 
of  the  greater  plate  be  (for  example)  double  of  that  are  (liort. 
of  the  fmaller,  and  the  little  columns  be  -j%-th  of  the 
radius,  it  will  be  of  the  radius  of  the  fmaller  plate. 

Now  of  half  the  repulfion  is  equal  to 
double  repulfion.  Alfo,  in  tlie  cafe  of  the  fpheres,  the 
repulfion  of  a particle  at  the  furface  is  as  the  quantity 
of  fluid  dlredtly,  and  as  the  fquare  of  the  radius  inverfe- 
ly  ; but  when  the  denfity  is  the  fame  in  both  fliells,  the 
quantity  is  as  the  furface,  or  as  the  fquare  of  the  ra- 
dius. Therefore  the  repulflons  are  equal.  123 

Cor.  3.  If  the  denfity  of  the  fluid  in  two  fpherical  Atftions  of 
(hells  be  Inverfely  as  the  diameter*,  the  repulflons  for  an  twofphere* 
infinitely  extended  column  of  fluid  are  equal ; for  each  ^ 

repels  as  if  all  the  fluid  was  colleifted  in  the  centre,  beinverfely 
Therefore^,  if  the  denfity,  and  confequently  the  quan-  as  the  dia- 
tity,  be  varied  in  any  proportion,  the  repulfion  will  vary  meters; 
in  the  fame  proportion.  The  repulflons  will  now  be 

as  CO  Xttt;  to  0 x ’ or  In  the  ratio  of  equality. 

C O ^ ° . 12? 

Cot.  4.  When  the  quantities  of  redundant  fluid  in  Or  if  the 
two  fpheres  are  proportional  to  their  diameters,  their  quantity  of 
repulflons  for  an  infinitely  extended  canal  are  equal ; 
for  if  this  redundant  fluid  is  confiipated  in  the  furfaces 
of  the  fpheres,  as  it  always  will  be  when  they  confift  of  ters. 
conduding  matter,  the  denfities  are  as  the  diameters 
inverfely,  becaufe  the  furfaces  are  as  the  fquares  of  the 
diameters.  Therefore,  by  the  laft  corollary,  their  ac- 
tions on  an  infinitely  extended  canal  are  equal.  But 
in  fpheres  of  non-condu6iing  matter  it  may  be  different- 
ly,  difpofed,  in  concentric  fliells  of  uniform  denfuy. 
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This  makes  no  change  in  the  adion  on  the  fluid  that 
ts  without  the  fphere,  becaufe  each  (hell  adfs  on  it  as 
if  it  w'ere  all  colledted  in  the  centre.  Therefore  the 
repulfions  are  ftill  equal. 

Cor.  5.  Two  overcharged  fpheres,  or  fpherical  (hells, 
OAB,  0 ab  (fig.  26.),  communicating  by  an  infinitely 
extended  canal  of  conducing  matter,  contain  quanti- 
ties of  redundant  fluid  proportional  to  their  diameters  ; 
for  their  adlions  on  the  fluid  in  the  interjacent  canal 
mufl:  be  in  equilibrio,  and  therefore  equal.  This  will 
be  the  cafe  only  when  the  quantities  of  fluid  are  in  the 
proportion  of  their  diameters. 

When  the  canals  are  very  long  in  proportion  to  the 
diameters  of  the  fpheres,  the  proportion  of  the  quanti- 
ties of  redundant  fluid  will  not  greatly  differ  from  that 
of  the  diameters. 

Cor.  6.  When  the  fpheres  of  conducting  matter  are 
thus  in  equilibrio,  the  prelTures  of  the  fluid  on  their 
furfaces  are  inverfely  as  their  diameters  ; for  the  repul- 
fion  of  a particle  at  the  furface  is  the  fame  with  the 
tendency  of  that  particle  from  the  centre  of  the  fphere, 
the  adtions  being  mutual.  Now  this  is  proportional  to 
the  quantity  of  redundant  fluid  direftly,  and  to  the 
fquareof  the  diftancefrom  the  centre  inverfely,  that  is, 
to  the  diameter  directly,  and  to  the  fquare  of  the  di- 
ameter inverfely,  that  is,  to  the  diameter  inverfely. 

Hence  it  follows,  that  the  tendency  to  efcape  from 
the  fpheres  is  inverfely  as  the  diameter,  all  other  cir- 
cumftances  being  the  fame  : for  in  as  far  the  efcape 
proceeds  from  mere  eledtric  repulfion,  it  muft  follow 
this  proportion.  But  there  are  evident  proofs  of  the 
co-operation  of  other  phyfical  caufes.  We  obferve  che- 
mical corapofitions  and  decompofitions  accompanying 
the  efcape  of  eledlric  fluid,  and  its  influx  into  bodies ; 
we  are  ignorant  how  far,  and  in  what  manner,  thefe 
operations  are  affedted  by  diftance.  Bofcovich  (hews 
mod;  convincingly,  that  the  adtion  of  a particle  (of 
whatever  order  of  compofition),  on  external  atoms  and 
particles,  is  furprifjngly  changed  by  a change  in  the 
diflance  and  arrangement  of  its  component  atoms.  A 
conftipation,  therefore,  to  a certain  determined  degree 
and  lineal  magnitude,  may  be  neceifary  for  giving  oc- 
calion  to  fome  of  thofe  chemical  operations  that  accom- 
pany, and  perhaps  occafion,  the  efcape  of  the  eledtric 
fluid.  If  this  be  the  cafe  (and  it  is  demonjirahle  to  be 
polTible,  if  the  operations  of  Nature  be  owing  to  attrac- 
tions and  repulfions),  the  efcape  mujl  be  defiiltory.  It 
is  adtually  fo ; and  this  confirms  the  opinion. 

The  public  is  indebted  to  Mr  Cavendi(h  for  the  pre- 
ceding theorems  on  the  adlion  of  fpheres  and  circular 
plates.  He  has  given  them  in  a more  abftradf  and  ge- 
neral form,  applicable  to  any  law  of  eledtric  adlion 
which  experience  may  warrant.  We  have  accommo- 
dated them  to  the  inverfe  duplicate  ratio  of  the  dif- 
tances,  as  a point  fufficiently  eftablifhed ; and  we  hope 
that  we  have  rendered  them  more  fimple  and  perfpicu- 
ous.  We  have  availed  ourfelves  of  Mr  Coulomb’s  de- 
monflration  of  the  uniform  denfity  in  the  canal,  with- 
out which  the  theorems  could  not  have  been  demon- 
ftrated.  The  minute  quantity  of  the  fluid  in  the  ca- 
nal can  have  no  fenfible  effedt  on  the  difpofition  or  pro- 
portion of  the  fluid  in  the  plates  or  fpheres. 

It  may  be  thought  that  the  laft  corollary,  refpedting 
the  equilibrium  of  two  fpheres,  is  not  agreeable  to  by- 


droftatical  principles,  which  require  the  equality  of  the  This  pro- 
two  forces  which  balance  each  other  at  the  orifices  of  . 

the  (lender  cylindric  canal ; whereas,  in  that  corollary 
the  forces  at  the  extremities  of  the  canal  are  inverfely  clllawj.*' 
as  the  diameters  of  the  fpheres  or  plates.  This  would 
be  a valid  objedtion,  if  the  comprelTing  forces  adled  on- 
ly on  the  extremities  of  the  canals ; but  they  adl  on 
every  particle  through  their  whole  length.  It  is  nor, 
therefore,  the  preffure  at  one  end  of  the  canal  that  is 
in  equilibrio  with  the  prelTure  at  the  other  end,  by  the 
interpofition  of  the  fluid.  It  is  the  prelTure  at  one 
end,  together  with  the  fum  of  all  the  intermediate  pref- 
fures  in  that  diredlion,  that  is  in  equilibrio  with  all  the 
predure  in  the  oppofite  diredlion.  The  preffures  at 
the  ends  are  only  parts  of  the  wh«le  oppofite  predures ; 
they  are  the  firft  in  each  account.  In  this  manner 
a (lender  pipe,  having  a ball  at  each  end,  may  be  kept 
filled  with  mercury,  while  lying  horizontal,  if  the  air 
in  each  ball  is  of  equal  denfity.  But  if  it  be  raifed  per- 
pendicular to  the  horizon,  it  cannot  remain  filled  from 
end  to  end,  unlefs  the  air  of  the  ball  below  be  made  fo 
elaftic  by  condenfation,  that  its  predure  on  the  lower 
orifice  of  the  pipe  exceed  the  predure  of  the  air  in  the 
upper  ball  on  the  other  orifice  by  a force  equal  to  the 
weight  of  the  mercury,  that  is,  to  the  aggregate  of  the 
adlion  of  gravity  on  each  particle  of  mercury  in  the 
pipe.  Therefore  the  repulfions  of  the  fpheres  that  we 
are  fpeaking  of  are  in  equilibrio  by  the  intervention  of 
the  fluid  in  the  canal,  in  perfedl  confiftency  with  the 
laws  of  hydrofiatical  predure. 

Mr  Cavenddh  has  purfued  this  fubjedl  much  farther, 
and  has  confidered  the  mutual  adlion  of  more  than  two 
bodies,  communicating  with  each  other  by  canals  of 
moveable  fluid  uniformly  denfe.  But  as  we  have  not 
room  for  the  whole  of  his  valuable  propofitions,  we  fe- 
ledled  thofe  which  were  elementary  and  leading  theo- 
rems, or  fuch  as  will  enable  us  to  explain  the  moft  im- 
portant phenomena.  They  are  alfo  fuch,  as  that  the 
attentive  reader  will  find  no  difficulty  in  the  inveftiga- 
tion  of  thofe  which  we  have  omitted. 

Mr  Cavenddh’s  moft  general  propofition  is  as  follows  : General 

When  an  overcharged  body  communicates,  by  a ca-  propofition 
nal  of  very  great  length,  ftraight  or  crooked,  with  two  with  re- 
or  more  fimilar  bodies,  alfo  at  a vwy  great  diftance  to  the 
from  each  other,  and  all  are  in  eledlric  equilibrium,  and  . 

confequently  each  body  overcharged  in  a certain  deter-  catingTo- 
mined  proportion,  depending  on  its  magnitude,  if  any  dies, 
two  of  thefe  bodies  are  made  to  communicate  in  the 
fame  manner,  their  degrees  of  eledlricity  are  fuch,  that 
no  fluid  will  pafs  from  one  to  the  other,  their  mutual 
adlions  on  the  fluid  in  this  canal  being  alfo  in  equilibrio. 

He  brings  out  this  by  indudlion  and  combination  of  the 
fingle  cafes,  each  of  which  he  demonftrates  by  means  of 
the  following  theorem  ; 

The  adlion  of  an  overcharged  fphere  ACB  (fig.  25.) 
on  the  fluid  in  the  whole  of  a canal  d / V that  is  ob-  ferentwhe- 
liqu&  tending  to  impel  the  fluids  in  the  diredlion  ofthertheca- 
that  canal,  is  equal  to  its  adlion  on  the  fluid  in  the 
whole  of  the  redlilineal  eanal  CP.  Let  ^ i be  a mi- 
nute  portion  of  the  ftraight  canal,  and / d the  portion 
of  the  crooked  canal  which  is  equidiftant  from  the  cen- 
tre C of  the  fphere  ; draw  the  radii  C jf  C ^/,  and  the 
concentric  arches  h /,  i d,  cuttingyC  in_y;  and  draw 
g e perpendicular  to  f d\  the  force  adling  on  i h,  impel- 
ling it  toward  P,  may  be  reprefented  by  b i.  The 
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fame  force  a£Hng  on  in  the  direction  c f,  muft  there- 
fore be  exprefled  This,  wheneftimated  in  the 

diredtion  of  the  canal  df,\s  reduced  to  ef’,  but  it  is 
exerted  on  each  particle  of  d f.  Now  dfxg  f •zz  g f ; 
e /,  and  df  y.  ef  = g p,  z=  g f X h i\  therefore  the 
whole  force  on  d f,  in  the  diredlion  d _/*,  is  equal  to  the 
force  on  i h,  in  the  diredtion  i h.  Hence  the  truth  of 
the  propofition  is  manifeft. 

We  beg  the  curious  reader  to  apply  this  to  the  cafe 
in  hand,  and  he  will  find,  that  the  mofi  complicated 
cafes  may  all  be  reduced  to  the  fimple  ones  which  we 
have  demonftrated  to  be  ftridtly  true  when  the  bodies 
are  fpheres  or  plates,  and  the  canals  infinitely  long  and 
which  are  very  nearly  true  when  the  canals  are  very 
long,  and  the  bodies  fimilar  ; And  we  now  proceed  to 
one  compound  cafe  more,  which  includes  all  the  moft 
remarkable  phenomena  of  elcdtricity. 

Let  HK,  AB,  DF,  and  LM  (fig.  27,.)  be  four 
parallel  and  equal  circular  plates,  two  of  which,  HK 
and  AB  communicate  by  a canal  GC  of  indefinite  ex- 
tent, joining  their  centres,  and  perpendicular  to  their 
planes;  let  DF  and  LM  be  connedled  in  the  fame 
manner,  and  let  the  two  canals  be  in  one  ftraight  line  : 
let  the  plate  HK  be  overcharged,  and  the  plate  LM 
juft  faturated.  It  is  required  to  determine  the  difpofi- 
tion  and  proportion  of  the  eledlric  fluid  in  the  plates 
which  will  make  this  condition  of  HK  and  LM  pof- 
fible  and  permanent,  every  thing  being  In  equilibrio  ? 

The  plate  HK  being  overcharged,  and  communica- 
ting with  AB,  AB,  muft  be  overcharged  in  the  fame 
manner,  and  being  alfo  equal  to  HK,  it  muft  be  over- 
charged in  the  fame  degree  containing  an  equal  quan- 
tity of  redundant  fluid  difpofed  in  the  fame  manner. 
To  Amplify  the  inveftigation,  we  fhall  firft  fuppofe  that 
the  redundant  fluid  is  uniformly  fpread  over  the  furfaces 
of  both. 

When  the  plates  HK  and  AB  are  in  this  ftate,  let 
the  plates  DF  and  LM  be  brought  near  them,  as  is  re- 
prefented  in  the  figure,  CE  being  the  diftanceofthe 
centres  of  AB  and  DF.  It  is  evident,  that  the  redun- 
dant fluid  in  AB  will  ad  on  the  natural  moveable  fluid 
in  DF,  and  drive  fome  of  it  along  the  canal  EN,  and 
render  LM  overcharged.  Take  off  this  redundant 
fluid  in  LM.  This  will  dimlnilh  or  annihilate  the  re- 
pulfion  which  it  was  beginning  to  exert  on  the  canal 
EN ; therefore  more  fluid  will  come  out  of  DF,  and 
again  render  LM  overcharged.  The  redundant  fluid 
in  LM  may  again  be  taken  off,  in  lefs  quantity  than 
before,  as  is  plain.  Do  this  repeatedly  till  no  more  can 
be  taken  off.  But  this  will  undoubtedly  render  DF 
undercharged,  and  it  will  now  contain  redundant  mat- 
ter. This  will  ad  on  the  fluid  in  the  canal  GC,  and 
abftrad  it  from  G ; therefore  fluid  will  come  out  of 
HK  into  AB.  HK  will  be  Icfs  overcharged  than  be- 
fore, and  AB  will  be  more  overcharged.  But  the  now 
increafed  quantity  of  redundant  fluid  in  AB  will  ad 
more  ftrongly  on  the  moveable  fluid  in  DF,  and  drive 
more  out  of  it.  This  will  leave  more  redundant  matter 
in  it  than  before,  and  this  will  ad  as  before  on  the 
fluid  in  the  canal  GC.  This  will  go  on,  by  repeated- 
ly touching  LM,  till  at  laft  all  is  in  equilibrio.  Or 
this  ultimate  ftate  may  be  produced  at  once  by  al- 
lowing  LM  to  communicate  with  the  ground.  And 
now,  in  this  permanent  ftate  of  things,  HK  contains  a 
certain  quantity  of  redundant  fluid ; AB  contains  a 


greater  quantity  ; DF  contains  redundant  matter  ; and 
LM  contains  its  natural  quantity.  The  demand  of  the 
problem  therefore  is  to  determine  the  proportion  of  the 
redundant  fluid  in  HK  to  that  in  AB,  and  the  pro- 
portion of  the  redundant  fluid  in  AB  to  the  deficiency 
of  fluid  in  DF.  The  dynamical  confiderations  which 
determine  thefe  proportions  are,  ijl,  llie  repulfion  of 
the  redundant  fluid  in  AB,  for  the  fluid  in  the  canal 
EN,  muft  be  precifely  equal  to  the  attradion  of  the  re- 
dundant matter  in  DF  for  the  fame  fluid  in  the  canal ; 
for  LM  being  faturated,  is  neutral,  zd,  The  repul- 
fion  of  the  redundant  fluid  in  HK,  for  the  whole  fluid 
in  the  canal  GC,  muft  balance  the  excefs  of  the  repul- 
fion of  the  redundant  fluid  in  AB  above  the  attradlion 
of  the  redundant  matter  in  DF  for  the  fame. 

Let  the  redundant  fluid  in  AB  be  = /. 
the  redundant  matter  in  DF  = m. 
the  redundant  fluidin  HK  = F. 

Becaufe  HK  and  AB  arc  equal,  there  can  be  no 
doubt  but  that  the  fluid  In  thofe  plates  would  be  fimi- 
larly  difpofed  ; and  it  is  aighly  probable,  that  if  AB 
be  very  near  DF,  the  redundant  fluid  in  AB,  and  the 
redundant  matter  in  DF  will  alfo  be  difpofed  nearly 
in  the  fame  manner.  This  will  appear  plainly  when  we 
confider  with  attention  the  forces  adting  between  a very 
fmall  portion  of  AB  and  the  correfponding  portion  of 
DF.  The  probability  that  this  is  the  cafe  is  fo  evi- 
dent, that  we  apprehend  it  unneceffary  to  detail  the 
proofs.  We  fhall  afterwards  confider  fome  circum- 
ftances  which  fhew  that  the  difpofition  in  the  three 
plates  will  (though  nearly  fimilar)  be  nearer  to  a ftate 
of  uniform  diftribution  than  if  only  AB  and  HK  had 
been  in  adtion.  Affuming  therefore  this  fimilarity  of 
diftribution,  It  follows,  that  their  adHons  on  the  fluid  in 
the  canals  will  be  fimilar,  and  nearly  proportional  to 
their  quantities. 

Therefore  let  i be  to  « as  the  repulfion  of  the  fluid 
in  AB,  for  the  fluid  that  would  occupy  CE,  is  to  its 
repulfion  for  the  fluid  in  EN  or  CG. 

Then  the  addon  of  AB  on  EN  is/x«  — i,  and 
the  adtion  of  DF  on  EN  is  m n \ therefore,  becaufe 
the  plate  LM  is  inadlive,  the  addons  of  AB  and  DF 
on  EN  muft  balance  each  other,  and/x« i"=  m «, 

n — I 

and  m — f X • 

n 

The  repulfion  of  / for  the  fluid  in  CG  is/«.  The 
attraddon  of  m for  it  is  w/X«  — i;  and  becaufe  m 

= y’  X > the  attraddon  of  m for  the  fluid  in  CG 

n 

13  y X — ^ — X n — I.  Therefore  the  repulfion  of f 

t Tl  — I ^ 

is  to  the  attraddon  of  m as  / n to  f x , or  as 

fn'^tofXn  — i^,  oras«*tOH — 1*.  Call  the  re- 
pulfion of f r,  and  the  attraddon  of  m a. 

We  have  r \ a — •,  n — 

and  r : r — a—n'^  — («  — ;2  « — i. 

Therefore,  becaufe  the  repulfion  of  F is  equal  to  this 
excefs  of  r above  a,  we  have  «*:2n  — izr/iF,  and  F 

=3  f V or  y = F — ^ . Therefore,  if  is 

much  greater  than  an  — i,  the  quantity  of  redundant 

fluid 
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fluid  in  AB  will  be  much  greater  than  the  quantity  in 

HK. 

Now,  when  the  eledric  action  is  inverfely  as  the 
fquare  of  the  dillance,  and  EC  is  very  fmall  in  compa- 
rifon  with  AC,  we  have  feen  (n°  115.)  that  i : n near- 

AC 

]y  = CE  : CA,  or  that  n is  nearly  — . When  this  is 

the  cafe,  and  confequently  n is  a confiderable  number, 

\ve  may  take  the  number  — for  — ^ without  any 

2/2  2 « — I 

71 

great  error.  In  this  cafe  f is  equal  toFx— 

nearly.  Suppofe  CA  to  be  fix  inches,  and  CE  to  be 
-yljth  of  an  inch  ; this  will  give  n — 120,  and  f zzz  60  F ; 

, T-  14,400 

or,  more  e'xaftly,  F r:  ; 12  oo-j. 

2/2 — I 239 

If,  infiead  of  the  plate  HK,  we  employ  a globe  of  the 
lame  diameter,/"  will  be  but  half  ai  this  quantity,  or  /" 

= Fx  ^ (n°  123  124.}. 

It  alfo  appears,  that  when  the  plates  AB  and  DF 
are  very  near  to  each  other,  and  confequently  n a large 
number,  the  deficiency  in  HF  is  very  nearly  equal  to 
the  redundancy  in  AB.  In  the  example  now  given, 

m is  of  /;  being  = /x« — 1. 

Yet  this  great  deficiency  in  DF  does  not  make  it 
eledrical  on  the  fide  toward  LM.  It  is  juft  fo  much 
evacuated,  that  a particle  of  fluid  at  its  furface  has  no 
tendency  to  enter  or  to  quit  it. 

Eaftly,  this  great  quantity  of  fluid  collefled  in  AB 
does  not  render  it  more  eleftrical  than  HK. 

In  general,  things  are  in  the  condition  treated  of  in 
22,  23,  &c. 

The  attentive  reader  will  readily  fee,  that  this  account 
of  the  apparatus  of  four  plates  is  only  an  approxima- 
tion to  the  condition  that  really  obtains  under  our  ob- 
fervation.  Our  canals  are  not  of  indefinite  length,  nor 
occupied  by  fluid  that  is  diftributed  with  perfeift  uni- 
formity ; nor  is  the  fluid  uniformly  fpread  over  the  fur- 
face  of  the  plates.  He  will  alfo  fee,  that  the  real  ftate 
of  things,  as  they  occur  in  our  experiments,  tends  to 
diminilh  the  great  difproportion  which  this  imaginary 
ftatement  determines.  But  v/hen  the  canals  are  very 
long,  in  comparifon  with  the  diameters  of  the  plates, 
and  AB  is  very  near  to  DF,  the  difference  from  this 
determination  is  inconfiderable.  We  fhall  note  thefe 
differences  when  we  confider  the  remarkable  phenomena 
that  are  explained  by  them. 

In  the  mean  time,  we  lhall  juft  mention  fomc  Ample 
confequences  of  the  prefent  combination  of  plates. 

Suppofe  AB  touched  by  a body.  Eleffric  fluid  will 
be  communicated.  Bat  by  no  means  all  the  redundant 
fluid  contained  in  AB  : only  as  much  will  quit  it  as 
will  reduce  it  to  a neutral  ftate,  if  the  body  which 
touches  it  communicates  with  the  ground  ; that  is,  till 
the  attraftion  of  the  redundant  matter  in  DF  attraffs 
fluid  on  the  remote  fide  of  AB  as  much  as  the  redun- 
dant fluid  left  in  AB  repels  it.  When  this  has  been 
done  DF  is  no  longer  neutral  ; for  the  repulfion  of 
AB  for  the  fluid  in  EN  Is  now  diminilhed,  and  there- 
fore the  attraflion  of  DF  will  prevail.  If  we  now 
touch  DF,  it  may  again  become  neutral  with  refpedt  to 


EN ; but  AB  will  now  repel  again  the  fluid  in  CG, 
and  again  be  eleftric  on  that  fide  by  redundancy. 

Touching  AB  a fecond  time  takes  more  fluid  from  it, 
and  DF  again  befomes  eledric  by  deficiency,  and  at- 
trads  fluid  <^n  that  fide.— And  thus,  by  repeatedly 
touching  AB  and  DF  alternately,  the  great  accumula- 
tion of  fluid  in  AB  may  be  exhaufted,  and  the  nearly 
equal  deficiency  in  DF  may  be  made  up. 

But  this  may  be  done  in  a much  more  expeditious  All  at 
way.  Suppofe  a flender  conduding  canal  a bd  brought  once, 
very  near  to  the  outfides  of  the  plates,  the  end  a being 
near  to  A,  and  the  end  d to  D.  The  vicinity  of  a 
to  A caufes  the  fluid  in  a b to  recede  a little  ffom  a 
by  the  repulfion  of  the  redundant  fluid  in  AB.  This 
will  leave  redundant  matter  in  a,  which  will  ftrongly 
attrad  the  redundant  fluid  from  A,  and  a may  receive 
a fpark.  But  the  confequence,  even  of  a nearer  ap- 
proach of  the  fluid  to  the  outward  furface  of  A,  will 
render  the  correfponding  part  of  DF  more  attiadive, 
and  the  retiring  of  fluid  from  a along  a b will  pulli 
fome  of  its  natural  fluid  toward  d ; and  thus  A becomes 
more  difpofed  to  give  out,  and  a to  take  it  in,  while  d 
is  difpofed  to  emit,  and  D to  attradf.  Thus,  every  cir- 
cumftance  favours  the  pafl'age  of  the  whole,  or  almofl 
the  whole,  redundant  fluid  to  quit  AB  at  A,  to  go 
along  a b d,  and  to  enter  into  DF  at  D.  ^40 

It  is  plain,  that  there  muft  be  a ftrong  tendency  in  The  plate* 
the  fluid  in  AB  to  go  into  DF,  and  that  the  plates  ftrongly  at- 
muft  ftrongly  attrad  each  other.  A particle  of  fluid 
fituated  between  them  tends  tov/ard  DF  with  a force,  ® ^ ’ 
which  is  to  the  foie  repulfion  of  AB  nearly  as  twice 
the  redundant  fluid  in  it  to  what  it  would  contain  if 
eledrified  to  the  fame  degree  while  ftanding  alone. 

With  this  particular  and  remarkable  cafe  of  Induced 
eledricity,  we  fliall  conclude  our  explanation  of  Mr 
/Epinus’s  Theory  of  Eledric  Attradion  and  Repulfion. 

The  reader  will  recoiled,  that  we  began  the  confide- 
ration  of  the  difpofition  of  the  eledric  fluid  in  bodies, 
in  order  to  deduce  fuch  legitimate  confequences  of  the 
hypothetical  law  of  adion  as  we  could  compare  with 
the  phenomena. 

Thefe  comparlfons  are  abundantly  fupplled  by  the  Method  of 
preceding  paragraphs,  particularly  by  n°  74,  75,  76 ; examining 
by  n®  130,  and  by  n°  134.  the  validity 

Let  a fmooth  metal  fphere  be  eledrified  pofitively  t 1st  c- 
in  any  manner  whatever,  and  then  touch  it  with  a fmall 
one  in  its  natural  ftate.  The  redundant  fluid  is  divided 
between  them  in  a proportion  which  the  theory  deter- 
mines with  accuracy.  By  the  theory  alfo  the  redun- 
dant fluid  in  both  ads  as  if  colleded  in  the  centre. 

Therefore  the  proportion  of  the  repulfions  is  determin- 
ed. Thefe  can  be  examined  by  our  eledrometer. 

But,  as  this  menfuration  may  be  faid  to  depend  on  the 
truth  of  the  theory,  we  may  examine  this  independent 
of  it.  Let  the  balls  be  equal.  Then  the  redundant 
fluid  is  divided  equally  between  the  bodies,  whatever  be 
the  law  of  adion.  Therefore  obferve  the  eledrometer, 
as  it  is  affeded  by  the  eledrified  body,  both  before  and 
after  the  communication.  This  will  give  the  pofitions 
of  the  eledrometer  which  correfpond  to  the  quantities 
2 and  I . X42 

Take  off  the  eledricity  of  one  of  the  balls  by  touch-  Graduation 
ing  it,  and  then  touch  the  other  ball  with  it.  This  of  eledlro- 

will 
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it  with  fino^ular  fuccefs  in  the  explanation  of  the  phe- 
nomena of  attradion  and  repulfion,  as  we  have  alread7 
feen.  In  no  part  of  the  ftudy  has  his  fuccefs  been  fo 
confpicuous  as  in  the  explanation  of  the  curious  and 
important  phenomena  of  the  Leyden  phial.  It  only  re- 
mained for  him  to  account  for  the  accumulation  of  fuch 
a prodigious  quantity  of  this  agent  as  was  competent 
to  the  producTiion  of  effedts  which  feemed  to  exceed  the 
fimilar  efiFeds  in  other  cafes,  out  of  all  proportion.  In- 
deed, the  difproportion  is  fo  great,  as  to  make  them  ap- 
pear to  be  of  a different  and  mcomparable  nature.  Dr 
Wilfon’s  experiments  in  the  pantheon  are  therefore  pre- 
cious, by  (hewing  that  nothing  was  wanted  for  the 
produdtion  of  all  the  effedls  of  the  Leyden  phial  but  a 
furface  fufihciently  extenfive  for  containing  a vaft  quan- 
tity of  fluid,  and  fo  perfedly  conduding  as  to  admit 
of  its  fimultaneous  and  rapid  transference.  Therefore 
we  afiert,  that  one  of  the  chief  merits  of  Mr  -ffipinus’s 
theory  is  the  fatisfadory  explanation  of  the  accumula- 
tion of  this  vaft  quantity  of  fluid  in  a fmall  fpace.  We 
truft,  therefore,  that  our  readers  will  perufe  it  with 
pleafure.  But  we  muft  here  obferve,  that  Mr  .^pinus 
has  not  exprefsly  done  this  in  the  work  which  we  have 
already  made  fo  much  ufe  of,  nor  in  any  other  that 
we  know  of.  He  has  gone  no  farther  than  to  point 
out  to  the  mathematicians,  that  his  hypothefis  is  ade- 
quate to  the  accounting  for  any  degree  of  accumulation 
whatever.  This  he  does  in  that  part  of  his  work  which 
contains  the  formulae  of  n°  38,  39,  40,  41,  &c.  And 
he  afterwards  (hews,  that  all  the  phenomena  of  attrac- 
tion and  repulfion  which  are  obferved  in  the  charged 
jar  are  precifely  fuch  as  are  neceflfary  confequences  of 

148  his  theory. 

Theory  of  It  is  to  the  Hon.  Mr  Cavendifli  that  we  are  indebt- 

charged  ed  for  the  fatisfadory,  the  complete  (and  we  may  call 
proper),  explanation  of  all  the  phenomena. 

Llr  Caveii-  Forming  to  himfelf  the  fame  notion  of  the  mechanical 

dilh.  properties  of  the  eledric  fluid  with  Mr  jEpinus,  he 
examined,  with  the  patience,  and  much  of  the  addrefs, 
of  a Newton,  the  adion  of  fuch  a fluid  on  the  fluid  a- 
round  it,  and  the  fenfible  effeds  on  the  bodies  in  which 
it  reflded  ; the  difpofition  of  it  in  a confiderable  variety 
of  cafes  5 and  particularly  its  adion  on  the  fluid  con- 
tained in  (lender  canals  and  in  parallel  plates ; — till  he 
arrived  at  a fuuation  of  things  fimilar  to  the  Leyden 
phial.  And  he  then  pointed  out  the  precife  degree  of 
accumulation  that  was  attainable,  on  different  fuppofi- 
tions  concerning  the  law  of  eledric  adion  in  general. 
We  have  given  anabftrad  of  this  inveftigation  accom- 
modated to  the  inverfe  duplicate  ratio  of  the  diltances. 

149  From  this  it  a.ppears  (n°  135),  that  whatever  quan- 
tity of  eledric  fluid  we  can  put  into  a circular  plate 
12  inches  in  diameter,  by  Ample  communication  with 
the  prime  condudor  of  an  eledrical  machine,  we  can  ac- 
cumulate 60  times  as  much  in  it  by  bringing  the  plate 
within  -iV'h  of  an  inch  of  another  equal  plate  which 
communicates  with  the  ground  ; and  it  appears  in  n“ 
139,  that  all  this  accumulated  fluid  may  be  transferred 
in  an  inftant  to  the  other  plate  (which  is  ftiewn  to  be 
almoft  equally  deprived  of  fluid),  by  conneding  the 
two  plates  by  a fmall  wire. 

But  as  it  was  alfo  (hewn  in  that  paragraph,  that  the 
force  with  which  the  accumulated  fluid  v/as  attraded 
by  the  redundant  matter  in  the  other  plate  was  exceed- 
ingly great,  and  confequently  its  tendency  to  efcape 


was  proportionably  increafed  ; this  accumulation  can- 
not be  obtained  unlefs  we  can  prevent  this  fpontaneous 
transference. 

Here  the  non-conduding  power  of  idio-eledrics,  Inexplica- 
wlthout  any  diminution,  the  adion  of  the  eledric  fluid  hie  by  ma- 
on  fluid  or  matter  on  the  other  fide  of  them,  comes  to  temlatmo- 
our  aid,  and  we  at  once  think  of  interpoAng  a plate  of 
glafs,  or  wax,  or  roAn,  or  any  other  eledric,  between 
our  conduding  plates.  Such  is  the  immediate  fug- 
geftion  of  a perfon’s  mind  who  entertains  the  jEpinian 
notion  of  the  eledric  fluid ; and  fuch,  we  are  convinc- 
ed, is  the  thought  of  all  w'ho  imagine  that  they  under- 
ftand  the  phenomena  of  the  Leyden  phial.  But  thofe 
who  attempt  to  explain  eledric  adion  by  means  of 
what  they  call  eledric  atmofpheres'of  variable  denflty 
or  intenfity,  are  not  intitled  to  make  any  fuch  inference, 
nor  to  exped  any  fuch  phenomena  as  the  Leyden  phial 
exhibits.  Eledricity,  they  fay,  ads  by  the  interven- 
tion  of  atmofpheres ; Therefore,  whatever  allows  the 
propagation  of  this  adion  (conceive  it  in  any  manner 
whatever),  allows  the  propagation  of  thefe  agents  ; and 
whatever  does  not  condiid  eledric  adion,  does  not 
condud  the  agents.  Interpofed  glafs  (hould  therefore 
prevent  all  adion  on  the  other  plate.  This  is  true, 
even  although  it  were  pofllble  (which  we  think  it  is 
not)  to  form  a clear  notion  of  the  free  paflage  of  this 
material  atmofphere  in  an  inftant,  and  this  without 
any  diminution  of  its  quantity,  and  confequently  of  its 
adion,  by  the  difplacement  of  fo  much  of  it  by  the  fo- 
lid  matter  of  the  body  which  it  penetrates.  Yet  with- 
out this  undiminifned  adion  of  the  eledrifled  plate  on 
the  fluid,  and  on  the  matter,  beyond  the  glafs,  and  on 
the  canal  by  which  its  fluid  may  be  driven  off  into  the 
general  mafs — no  fuch  accumulation  can  take  place ; 
and  if  the  phenomena  of  the  Leyden  phial  are  agree- 
able to  the  refults  of  the  JEpinian  hypothefis,  all  ex- 
planation by  atmoipheres  muft  be  abandoned.  Indeed 
when  the  partifans  of  the  atmofpheres  attempt  to  ex- 
plain their  conceptions  of  them,  they  do  not  appear  to 
differ  from  what  are  called  fpheres  of  aSlivlty  a phrafe 
firft  ufed  by  Dr  Gilbert  of  Colchefter,  in  his  celebrated 
work  De  Magnete  et  Corporibus  Magneticis ) : and  fpheres 
of  adivity  will  be  found  nothing  more  than  a figurative 
exprefllon  of  fome  indiftind  conception  of  aSiion  in 
every  direSion.  When  we  ufe  the  words  attraSion  and 
repulfion,  we  do  not  fpeak  a whit  more  figuratively  than 
when  we  ufe  the  general  word  aSion.  Thefe  terms  are 
all  figurative,  only  attraPUon  and  repulfion  have  the  ad- 
vantage of  fpecifying  the  direSiwn  in  which  we  conceive 
the  abtion  to  be  exerted. 

It  therefore  becomes  ftill  more  interefting  to  the  phi- 
lofopher  to  compare  the  phenomena  of  charged  glass 
with  the  .^pinian  theory.  They  afford  an  experimen- 
tum  crutis  in  the  queftion  about  eledric  atmofpheres. 

Let  G (fig.  28.)  reprefent  the  end  of  a prime  con-  Phenome- 
dudor,  furniihed  widn  Henley’s  eledrometer.  Let  AB  naofcharg- 
reprefent  a round  plate  of  tinfoil,  pafted  on  a pane  of 
glafs  which  exceeds  the  tinfoil  about  two  inches  all  ^ 
round.  The  pane  is  fixed  in  a wooden  foot,  that  it 
may  (land  upright  and  be  (hifted  to  any  diftance  from 
the  condudor.  DF  reprefents  another  plate  of  the 
fame  dimenfions  as  AB,  in  the  centre  of  which  is  a 
wire  EN,  having  a fmall  ball  on  the  end  N,  to  which 
is  attached  a Canton’s  eledrometer.  This  wire  palTes 
through  the  wooden  ball  O,  faftened  to  the  infulating 

ft  and 
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ftand  P.  The  glafs  pane  inuft  be  very  clean,  dry,  and 
warm.  Conned  ihe  condudor  G with  AB  by  a wire 
reaching  to  the  centre  C.  Turn  the  cylinder  of  the 
eledricai  machine  flowly,  till  the  eledrometer  rife  to 
30“  or  40^^,  and  note  the  number  of  turns.  Take  off 
the  eledricity,  and  having  taken  away  the  conneding 
wire  GC,  turn  the  machine  again  till  the  eledrometer 
rife  to  the  fame  height.  The  difference  in  the  number 
of  turns  will  give  fome  notion  of  the  expenditure  of 
fluid  neceffary  for  eledrifying  the  plate  of  tinfoil  alone. 
This  will  be  found  to  be  very  trifling  when  the  eledri- 
city is  in  fo  moderate  a degree.  It  is  proper,  however, 
to  keep  to  this  moderate  degree  of  elediification,  be- 
caufe  when  it  is  much  higher,  the  diflipation  from  the 
edges  of  the  plate  is  very  great.  Replace  the  wire,  and 
again  raife  the  eledrometer  to  30®.  Now  bring  for- 
ward the  plate  DF,  keeping  it  duly  oppofite  and  paral- 
lel to  AB,  and  taking  care  not  to  touch  it.  It  will  pro- 
duce no  fenfible  change  on  the  pofition  of  the  eledro- 
meter till  it  come  within  four  or  three  inches  of  the 
glafs  pane  ; and  even  when  we  bring  it  much  nearer 
(if  a fpark  do  not  fly  from  the  glafs  pane  to  Df ),  the 
eledrometer  HG  will  fink  but  two  or  three  degrees, 
and  the  eledrometer  at  N will  be  little  affeded.  Now 
remove  the  plate  DF  again  to  the  diftauce  of  two  or 
three  feet,  and  attach  to  its  ball  N a bit  of  chain,  or 
filvcr  or  gold  thread,  which  will  trail  on  ihe  table. 
Again,  raife  the  eledrometer,  to  30®,  and  bring  DF 
gradually  forward  to  AB.  The  eledrometer  HG  will 
gradually  fall  down,  but  will  rife  to  its  former  height, 
if  DF  be  withdrawn  to  its  firft  fituation.  It  is  fcarcely 
. neceffary  to  fhew  the  conformity  of  this  to  the  theory 
contained  in  n°  134,  135,  See.  As  the  plate  DF  ap- 
proaches, the  redundant  fluid  in  AB  ads  on  the  fluid 
in  DF,  and  drives  it  to  the  remote  end  of  the  wire 
EN,  as  was  ftiewn  by  the  divergency  of  the  balls  at  N ; 
and  then  an  accumulation  begins  in  AB,  and  the  elec- 
trometer HG  falls,  in  the  fame  manner  as  if  part  of  the 
fluid  in  the  prime  condudor  were  communicated  to  AB. 
When  DF  communicates  with  the  ground,  the  elec- 
trometer at  N cannot  fhew  any  eledricity,  but  much 
more  fluid  is  now  driven  out  of  DF,  in  proportion  as 
it  is  brought  nearer  to  AB.  Inftead  of  conneding  AB 
immediately  with  the  prime  condudor,  let  the  wire 
GC  have  a plate  at  the  end  G,  of  the  fame  dimenfions 
as  AB,  having  an  eledrometer  attached  to  the  fide 
next  to  AB.  Let  this  apparatus  of  tw’o  plates  be  elec- 
trified any  how,  and  note  the  divergency  of  the  elec- 
trometer at  H,  before  DF,  communicating  with  the 
ground,  is  brought  near  it,  and  then  attend  to  the  chan- 
ges. Weflialifind  the  divergency  of  this  eledrometer 
correfpond  with  the  diftance  of  DF  very  nearly  as 
ija  the  theory  requires. 

State  of  the  While  the  plates  AB  and  DF  are  near  each  other, 

fioatings.  efpecially  when  DF  communicates  with  the  ground,  if 
w'e  hang  a pith-ball  between  them  by  a filk  thread,  it 
will  be  flrongly  attraded  by  the  plate  which  is  neareft 
to  it,  whether  DF  or  AB  ; -and  having  touched  it,  it 
will  be  brifldy  repelled,  and  attraded  by  the  glafs  pane, 
which  will  repel  it  after  contad,  to  be  again  attraded 
and  repelled  by  DF  ; and  thus  bandied  between  the 
plates  till  all  eledricity  difappear  in  both,  the  eledro- 
meter attached  to  H defending  gradually  all  the 
while. 

As  all  thefe  phenomena  are  more  remarkable  in  pro- 
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portion  as  the  plates  are  brought  nearer,  they  are  mofl 
of  all  when  DF  is  applied  clofe  to  the  glafs  pane.  And 
if,  in  this  fituation,  we  take  any  accurate  method  for 
meafuring  the  intenfity  of  the  eledricity  in  the  plate 
HG,  before  the  approach  of  DF,  we  fhall  find  the  di- 
minution, occafioned  by  its  coming  into  full  contad 
with  the  pane,  confiderably  greater  than  what  is  point- 
ed out  in  n®  135.  When  we  employed  plates  of  12 
inches  diameter,  parted  on  a pane  one-fortieth  of  an  inch 
in  thicknefs,  we  found  the  diminution  not  lefs  than 
199  parts  of  200  ; and  we  found  that  it  required  at 
leaft  200  times  the  revolution  of  the  cylinder  to  raife 
the  eledrometer  to  the  fame  height  as  before.  This 
comparlfon  is  not  fufceptible  of  great  accuracy,  by  rea- 
fon  of  many  circumftances,  which  will  occur  to  an  elec- 
trician. But  in  all  the  trials  we  have  made,  we  are  cer- 
tain that  the  accumulation  greatly  exceeded  that  point- 
ed out  by  the  .flZpinian  theory  as  improved  by  Mr 
Cavendilh.  And  we  murt  here  cbferve,  that  we  found 
this  iuperiority  more  remarkable  in  fome  kinds  of  glafs 
than  others,  and  more  remarkable  in  fome  other  idio- 
eledrics.  We  think  that  in  general  it  was  moft  re- 
markable in  the  coarfe  kinds  of  glafs,  provided  they 
were  uniformly  tranfparent.  We  found  it  mort  re- 
markable in  fome  common  glafs  which  had  exfoliated 
greatly  by  the  weather:  but  we  alfo  found  that  fuch 
glaiTes  were  very  apt  to  be  burrt  by  the  charge.  The 
kardert  and  bert  London  crown-glafs  feemed  to  accu- 
mulate lefs  than  any  other  ; and  a coloured  glafs,  which 
when  viewed  by  refledion  feemed  quite  opake,  but 
appeared  brown  by  tranfmitted  light,  admitted,  an  ac- 
cumulation greatly  exceeding  all  that  we  have  tried  ; 
but  it  could  not  be  charged  much  higher  without  the 
certainty  of  being  burrt.  This  diverfity  in  the  accumu- 
lation, which  may  be  made  in  different  kinds  of  glafs, 
hinders  us  from  comparing  the  ahfolute  accumulations 
affigned  by  the  theory  with  thofe  which  experiment 
gives  us.  But  though  we  cannot  make  this  compari- 
fon,  we  can  make  others  which  are  equally  fatisfadory. 

We  can  difeover  what  proportion  there  is  between  the 
accumulation  in  glafs  of  the  fame  kind,  as  it  may  differ 
in  thicknefs  and  in  extent  of  furface.  Ufing  mirror 
glafs,  which  is  of  uniform  and  meafurable  thicknefs, 
and  very  flat  plates,  which  come  into  accurate  or  equa- 
ble contad — we  found  that  the  accumulation  is  inverfe- 
ly  as  the  thicknefs  of  the  plates ; but  with  this  excep- 
tion, that  when  two  plates  were  ufed  inllead  of  a plate 
of  double  thicknefs,  the  diminution  by  the  increafe  of 
thicknefs  was  not  nearly  in  the  proportion  of  this  in- 
creafe. Inllead  of  being  reduced  to  one-half,  it  was 
more  than  two-thirds  ; and  in  the  kind  called  Dutch 
plate,  the  diminution  was  inconliderable. 

The  experiments  with  the  Dutch  and  other  double  Strong  at- 
plates,  fuggefted  another  inrtrudive  and  pretty  experi-  traftionbe- 
meut.  Obferving  thefe  plates  to  coheie  with  confider- 
able  force,  it  was  thought  worth  while  to  meafure  it ; 
which  was  attempted  In  this. manner:  Two  very  flat 
brafs  plates  AB,  DF  (fig.  29.),  furnilhed  with  wires 
and  bulls,  were  fufpended,  about  three  inches  afunder, 
by  filk  threads,  as  reprefented  in  the  figure.  At  G 
was  attached  a very  fine  filver  wire,  which  hung  very 
loofe  between  it  and  the  prime  condudor, -•  without  co- 
miniT  near  the  table.  Another  was  attached  to  N, 
which  touched  the  table.  A plate  of  mirror  glafs  was 
fet  between  them,  a.s  Ihevvn  by  QR.  When  this  appa- 
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ratus  was  eleftrified,  the  threads  of  fufpenfion  imme- 
diately began  to  deviate  from  the  perpendicular,  and 
the  plates  to  approach  the  glafs  pane  and  each  other. 
The  pane  was  carefully  fhifted,  fo  as  to  be  kept  in  the 
exact  middle  between  them.  This  refult  Ihewed  very 
plainly  the  prelTure  of  the  fluid  on  one  of  the  plates, 
and  the  mutual  attradtion  of  the  redundant  matter  and 
redundant  fluid.  This  increafed  as  the  accumulation 
increafed ; and  it  was  attempted  to  compare  the  at- 
tradtion  with  the  accumulation,  by  comparing  the  devi- 
ation of  the  fufpending  threads  with  that  of  the  eledtro- 
meter  attached  to  the  prime  condudtor ; but  we  could 
not  reconcile  the  feries  (which,  however,  was  extremely 
regular)  with  the  law  of  eledlric  adtion.  This  harmo- 
ny was  probably  difturbed  by  the  force  employed  in 
raifing  the  filver  wires.  When  more  flexible  filver 
threads  were  ufed,  much  was  loft  by  diflipation  from 
the  roughnefs  of  the  thread.  We  did  not  think  of  em- 
ploying a fine  flaxen  thread  moiftened  : but,  indeed,  an 
agreement  was  hardly  to  be  expedled ; becaufe  theory 
teaches  us,  that  the  diftribution  of  the  redundant  fluid 
in  AB  will  be  extremely  different  from  the  diftribution 
of  the  redundant  matter  inDF,  till  the  plates  come  ve- 
ry near  each  other.  The  accumulation  in  AB  depends 
greatly  on  the  law  of  diftribution,  being  lefs  (with  any 
degree  of  redundancy)  when  the  fluid  is  denfer  near  the 
centre  of  the  plate.  Other  circumftances  concurred  to 
difturb  this  trial  ; but  the  theory  was  abundantly  con- 
firmed by  the  experiment,  which  fhewcd  the  ftrong  at- 
tradfion  arrifing  from  the  accumulation.  This  was  fo 
great,  that  although  the  plates  were  only  three  inches 
in  diameter,  and  the  glafs  pane  was  of  an  inch  thick, 
and  the  threads  deviated  about  18  degrees  from  the 
perpendicular — it  required  above  an  ounce  weight, 
hung  on  the  wire  EN,  to  feparate  the  plates  from 
155  the  glafs. 

Bifcharge;  The  experienced  eledlrician  need  not  be  told,  that  by 

**^>*V*  bringing  the  two  ends  of  a bent  wire  in  contaft  with 

^ ^ ■ the  two  plates  (firft  touching  DF  with  it)  difcharges 

the  apparatus,  and  caufes  the  plates  to  drop  off  from 
the  pane.  But  he  may  farther  obferve,  that  if  there 
be  attached  to  each  end  of  the  difcharging  wire  a 
downy  feather,  and  if  he  firft  bring  the  end  near  the  plate 
DF,  and  obferve  the  feather  to  be  not  at  all,  or  but  a 
veryjittle,  affedfed,  and  if  he  then  bend  round  the  other 
end  toward  the  plate  AB,  both  feathers  will  immediate- 
ly ftretch  out  their  fibres  to  the  plates,  and  cling  faft  to 
them,  long  before  the  difcharging  fpark  is  feen.  This 
is  a fine  proof  of  the  procefs  of  difcharge,  which  be- 


gins by  the  indudlion  of.  eledtricity  on  the  ends  of  the 
difcharing  wire;  firft,  negative  eledlricity  on  the  end 
that  approaches  A,  and,  in  the  fame  inftant,  oppofite 
eledlricities  atD  and  the  adjoining  end  of  the  wire. 
Beautiful  The  following  obfervation  of  Profeflbr  Richmann  of 
andinllrue-  gt  Peterfburgh  (the  gentleman  who  fell  a facrtfice  to 
tjve  expert-  ftudies  by  a thunder  ftroke  from  his  appara- 

Profeffor  extremely  inftrudtive  and  amufing.  Let  a glafs 

Richmann.  pane  be  coated  on  both  fides,  and  furnifhed  xvith  a fraall 
eledlrometer  attached  to  the  coatings.  It  is  reprefent- 
ed  as  if  feen  edgewife  in  fig.  30.  Let  it  be  charged  pofi- 
tively  (that  is,  by  redundancy)  by  the  coating  AB, 
while  DF  communicates  with  the  ground.  The  elec- 
trometer A a will  ftand  out  from  the  plate,  and  D d 
will  hang  down  clofe  by  its  coating,  as  long  as.  DF 
communicates  with  the  ground.  But  as  the  eledlricity 


R I c I T y. 

gradually  diffipates  by  communication  to  the  contigu- 
ous a.ir,  the  ball  a will  gradually,  but  very  flowly,  fall 
down.  We  may  judge  of  the  intenfity  of  the  remain- 
ing eledlricity  by  the  deviation  of  the  eledtrometer,  and 
we  may  conceive  this  deviation  divided  into  degrees, 
indicating,  not  angles,  but  intenfities,  which  we  con. 
ceive  as  proportional  to  the  redundancy  or  deficiency 
which  occafion  them. 

If  we  take  away  the  communication  with  the  ground, 
we  fliall  obferve  the  ball  a fall  down  very  fpeedily,  and 
then  more  flowly,  till  it  reach  about  half  of  its  firft  ele- 
vation. The  ball  d will  at  the  fame  time  rife  to  nearly 
the  fame  height ; the  angle  between  the  two  eledlrome- 
ters  continuing  nearly  the  fame  as  at  firft.  When  d has 
ceafed  to  rife,  both  balls  will  very  flowly  defeend,  till 
the  charge  is  loft  by  diflipation.  If  we  touch  DF  during 
this  defeent,  d will  immediately  fall  down,  and  a will 
as  fuddenly  rife  nearly  as  much ; the  angle  between 
the  eledtrometer s continuing  nearly  the  fame.  Re- 
move the  finger  from  DF,  and  a will  fall,  and  d will 
rife,  to  nearly  their  former  places  ; and  the  flow  de- 
feent of  both  will  again  continue.  The  fame  thing 
will  happen  if  we  touch  AB  ; a will  fall  down  clofe  to 
the  plate,  and  d will  rife,  &c.  And  this  alternate 
touching  of  the  coatings  may  be  repeated  fome  hundreds 
of  times  before  the  plate  be  difeharged.  If  we  fufpend 
a crooked  wire  v m u,  having  two  pith-balls  n>  and  u 
from  an  infulated  point  m above  the  plate,  it  will  vibrate 
with  great  rapidity,  the  balls  ftriking  the  coatings  al- 
ternately ; and  tlEUs  reftoring  the  equilibrium  by  fteps. 

Each  ftroke  is  accompanied  by  a fpark. 

All  thefe  phenomena  are  not  only  confequences  of  Theory  of 
the  theory,  but  their  meafures  agree  precifely  with  the  h* 
computations  deduced  from  the  formulse  in  n°  22,  23, 

24,  accommodated  to  the  cafe  by  means  of  n°  135  and 
136,  as  we  have  verified  by  repeated  trials.  But  it 
would  occupy  much  room  to  trace  the  agreement  here, 
and  would  fatigue  fuch  readers  as  are  not  familiarly 
converfant  with  fluxionary  calculations.  The  inquifi- 
tive  reader  will  get  full  convidion  by  perufing  .ffipinus’s 
Eifay,  Appendix  i.  A very  diftind  notion  may  be 
conceived  of  the  whole  procefs,  by  fuppofing  that  in  a 
minute  AB  lofes  -r^h  of  the  unbalanced  redundancy 
adually  in  it,  and  confequently  diminifties  as  much  in 
its  adion.  It  will  be  proved  afterwards,  that  the  difij- 
pations  in  equal  times  are  really  in  proportion  to  the 
fuperficial  repulfions  then  exerted.  We  may  alfo  fup- 
pofe,  that  the  adion  of  the  redundant  fluid,  or  redun- 
dant matter,  in  either  coating,  on  the  external  fluid  con- 
tiguous to  it,  is  to  its  adion  on  the  fluid  contiguous  to 
the  other  coating  in  the  conftant  proportion  of  10  to 
9.  We  feled  this  proportion  for  the  fimplicity  of  the 
computation.  Then  the  difference  of  thefe  adions  is 
always  ^^th  of  the  full  adion  on  the  fluid  contiguous 
to  it.  This  is  alfo  an  exad  fuppofition  in  fome  parti- 
cular cafe,  depending  on  the  breadth  of  the  coating 
and  the  thicknefs  of  the  pane. 

Now,  let  the  primitive  unbalanced  repulfion  between 
AB  and  the  contiguous  fluid  of  the  eledrometer  be  100, 
while  DF  communicates  with  the  ground.  The  ball  a 
will  ftand  at  100 ; the  ball  d will  hang  touching  DF. 

Then  a,  by  lofing  -rVh,  retains  only  90,  and  would 
fmk  to  90^ : But  as  this  deftroys  the  equilibrium  on 
the  other  fide,  fluid  will  enter  into  DF,  fo  as  to  reduce 
the  deficiency  ^th.  Therefore  nine  degrees  of  fluid 
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will  enter ; and  Its  action  on  a will  be  the  fame  as  if 
-^Ejths  of  9,  or  8,  i had  been  reftorsd  to  AB.  There- 
fore a will  rife  from  90  to  98,1  ; or  it  will  fink  in  one 
minute  from  ico  to  98,1. 

But  if  we  have  cut  off  the  communication  of  DF 
with  the  ground,  this  quantity  of  fluid  cannot  come  into 
DF  ; and  the  quantity  which  really  comes  into  it  from 
the  air  will  be  to  that  wdiich  efcapes  from  A as  the  at- 
traflion  on  the  fide  of  DF  to  the  repulfion  on  the  fide 
of  AB.  By  the  diminution  of  the  repulfion  ^Vh,  and 
the  w'ant  of  9 degrees  of  fluid  in  DF  to  balance  it,  DF 
acquires  an  attradtion  for  fluid,  which  may  be  called  9. 
Therefore,  fince  xV'^h  of  the  primitive  repulfion  of  AB 
has  difllpated  10  meafures  of  fluid  in  the  minute, 
the  attradlion  of  DF  will  caufe  it  to  acquire  T-V^h  of 
9,  or  0,9  from  the  air  in  the  fame  minute.  At  the 
end  of  the  minute,  therefore,  there  remains  an  unba- 
lanced attradtion  for  fluid  = 8,1  ; and  confequently  an 
unbalanced  repulfion  between  the  redundant  matter  in 
t)F,  and  that  in  the  ball  d.  Therefore  d will  rife  to 

8.1.  But  a cannot  now  be  at  98,1  ; becaufe  DF  has 
not  acquired  9 meafures  of  fluid,  but  only  ^-^^ths  of  one 
meafure.  Therefore  a,  inftead  of  rifing  from  90  to 

98.1,  will  only  rife  to  90  -j-  TV^hs  X i^-^ths ; that  is,  to 
90,81. 

At  the  clofe  of  the  minute,  therefore,  a Is  at  90,81, 
and  d is  at  8,1,  and  their  diftance  is  98,91.  In  the 
next  minute,  AB  will  lofe  -r%th  of  the  remaining  unba- 
lanced eledtricity  of  that  fide,  and  DF  wall  now  acquire 
a greater  proportion  than  before  ; becaufe  its  former 
ur.balanced  attradtion  gets  an  addition  equal  to  ^^ths 
of  the  lofs  of  AB.  This  will  make  a larger  compenfa- 
tion  in  the  adtion  on  a,  and  a will  not  fall  fo  much  as 
before.  And  becaufe  in  the  fucceeding  minutes  the  at- 
tradtion of  DF  for  fluid  is  increafing,  and  the  repul- 
fion of  AB  is  diminifhing,  the  compenfation  in  the  ac- 
tion on  a,  by  the  increafed  attradtion  of  DF,  conti- 
nues to  increafe,  and  the  defcent  of  a grows  continually 
flower;  confequently  a time  muft  come,  when  the  re- 
pulfion of  AB  for  fluid  is  to  the  attradtion  of  DF  for 
it,  nearly  in  the  proportion  of  10  to  9.  When  this 
Hate  obtains,  d will  rife  no  more ; becaufe  the  receipt 
of  fluid  by  DF,  being  now  ^^g-ths  of  the  lofs  by  AI3, 
it  will  exadtly  compenfate  the  additional  attradtion  of 
DF  for  fluid,  occafioned  by  that  lofs.  The  next  lofs 
by  AB  not  being  fo  great,  and  the  next  receipt  by 
DF  continuing  the  fame,  by  reafon  of  its  undiminilhed 
attradtion,  there  v/Ill  be  a greater  compenfation  in  the 
adtion  on  a,  w'hich  wall  prevent  its  defeending  fo  faft  ; 
and  there  will  be  more  than  a compenfation  for  the  ad- 
ditional attradtion  of  DF  for  fluid : that  is,  tire  fluid 
which  has  now  come  into  DF  will  render  it,  and  alfo 
the  ball  d,  lefs  negative  than  before;  and  therefore  they 
will  not  repel  fo  ftrongly.  Therefore  d muft  now  de- 
feend.  It  is  evident,  that  fimilar  reafons  willftillfub- 
fift  for  the  flow  defcent  of  a,  and  the  flower  defcent  of 
d,  till  all  redundancy  and  deficiency  are  at  an  end. 

This  maximum  of  the  elevation  of  d happens  when  a 
has  defeended  about  one-half  of  its  elevation  ; that  is, 
when  the  unbalanced  repulfion  of  AB  is  reduced  to 
about  one  half.  For  if  one  half  of  the  unbalanced  fluid 
be  really  taken  out  of  AB,  and  if  DF  can  get  no  fup- 
ply  whatever,  it  muft  acquire  an  attradtion  correfpond- 
ing  to  of  this ; and  if  the  ftipply  by  the  air  be 


now  opened  to  it,  things  will  go  on  In  the  way  already 
deferibed,  till  all  is  difeharged. 

This  account  of  the  procefs  is  only  an  approxima- 
tion ; becaufe  W'e  have  fuppofed  the  changes  to  happen 
in  a defultory  manner,  as  in  the  popular  way  of  explain- 
ing the  acceleration  of  gravity.  The  rife  of  d is  not 
at  an  end  till  the  attradtion  of  DF  for  fluid  is  to  the 
repulfion  of  AB  as  19  to  20. 

But  if  we  interrupt  this  progrefs  in  any  period  of  It, 
by  touching  DF,  we  immediately  render  it  neutral, 
and  d falls  quite  down,  in  confequence  of  receiving  a 
complete  fupply  of  fluid.  But  this  muft  change  the 
ftate  of  AB,  and  caufe  it  to  rife  -r^gths  of  the  defcent  of 
d.  As  a and  d were  nearly  at  an  equal  height  before 
DF  was  touched,  it  is  plain  that  a will  rife  to  nearly 
twice  its  prefent  height ; after  which,  the  fame  feries 
of  phenomena  will  be  repeated  as  f®on  as  the  finger  is 
removed  from  DF. 

If,  inflead  of  touching  DF,  we  touch  AB,  the  fame 
things  muft  happen  ; a muft  fall  down,  and  d muft  rife 
to  nearly  twice  its  prefent  height,  and  all  wfill  go  on  as 
before,  after  removing  the  finger.  Daftly,  if  inftead  of 
allowing  either  fide  to  touch  the  ground  alternately, 
we  only  touch  it  with  a /mail  infulated  body,-{\\o.h.  as 
the  wire  w'ith  the  balls  v and  u,  the  ball  attached  to 
the  fide  touched  finks,  till  the  eledtricity  is  fliared  be- 
tween the  coating  and  the  wire  with  balls.  The  ball 
attached  to  the  other  coating  rifes  T^-ths  of  the  finking 
of  the  firft  ball.  The  crooked  w'ire  ball  is  now  repel- 
led by  the  coating  which  it  touched,  and  the  other  ball 
is  brought  near  to  the  other  coating,  and  muft  be  at- 
tradted  by  it,  becaufe  the  eledlricilies  are  oppofite. 

This  operation  evidently  tends  to  transfer  the  redun- 
dant fluid  ly  degrees  to  the  fide  where  it  is  deficient. 

It  needs  no  explanation.  We  fliall  only  mention  a 
thing  wDich  we  have  always  obferved,  without  being 
able  to  account  for  it.  The  vibration  of  the  wire  ac- 
quires a certain  rapidity,  which  continues  for  a long 
while,  and  fuddenly  accelerates  greatly,  and  immedi- 
ately afterwards  ceafes  altogether. 

This  pretty  experiment  of  Profeflbr  RIchmann  'will 
be  found  very  inftrudlive  ; and  will  enable  us  to  under- 
ftand  the  operation  of  the  eledlrophorus,  and  to  fee 
the  great  miftake  of  thofe  w'ho  fay  that  it  is  perfedlly 
fimilar  to  a difeharged  glafs  plate. 

Thus,  then,  we  fee,  that  all  the  clafles  of  phenome- Elcdtrkac*’ 
na,  connedfed  with  attradtion  and  repulfion,  are  precife-  ilonedijlaa- 
ly  fuch  as  would  refult  from  the  adtion  of  a fluid  fo  ^emon- 
conftituted.  The  complete  undiminilhed  adtion  of  the 
caufe  of  thofe  phenomena  on  the  other  fide  of  the  inter- 
pofed  non-condudter  of  that  caufe  is  demonftrated,  and 
all  explanatipn  by  the  mechanical  adtion  of  material 
elaftic  atmofpheres  of  variable  denfity  muft  be  aban- 
doned, and  the  infinitely  fimpler  explanation  by  the 
attradtive  and  repulfive  forces  of  the  fluid  itfelf  muft 
be  preferred.  ' 

So  happily  does  the  Frankllnian  theory  of  pofltive 
and  negative  eledtricity  explain  the  phenomena,  when 
a fuitable  notion  is  formed  of  the  manner  of  adtion  of 
this  fluid.  We  cannot  but  think  that  this  is  attained, 
when,  to  the  general  dodtrine  of  .iEpinus,  we  add  the 
fpecification  of  the  law  of  adtion,  fo  fully  verified  by 
the  experiments  of  Mr  Coulomb,  which  are  in  the 
hands  of  the  public  ; and  are  of  that  Ample  nature,  that 
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pendent  of  all  theory.  Now  ele6lrify  ajar,  or  a row  of 
equal  Jars,  to  the  fame  degree  with  the  firfi:,  and  com- 
municate the  charge  to  a coated  mirror  plate,  difcharg- 
ing  the  plate  after  each  communication,  till  the  elec- 
trometer reaches  the  degree  which  indicates  one-half. 
This  diews  how  often  the  charge  of  the  plate  is  con- 
tained in  that  of  the  jar  or  row  of  jars. 

Let  the  charge  of  the  plate  be  to  that  of  the  jars  as 
X'  to  I . Then,  by  each  communication,  the  electricity 
is  diminiflred  in  the  proportion  of  t -j-  x to  i.  It  m 
communications  have  been  made,  it  will  be  reduced  in 
the  proportion  of  i -f-  x'"  to  i.  Therefore  i -f-  x'” 
= 2,  and  I -j-  X =:  y'2,  and  x =z  • y'  2 — l . 

When  X is  finall  in  proportion  to  i,  we  fhall  be  very 
near  the  truth,  by  multiplying  the  number  of  communi- 
cations by  1,444)  fubtradling  0,5  from  the  pro- 
duct. The  remainder  (hews  how  often  the  charge  of 

the  plate  is  contained  in  that  of  the  jars,  or-^. 

Thus  may  the  perfedf  equality  of  twm  jars  be  afcer- 
tained  ; and  the  one  which  exceeds,  on  trial,  may  be 
reduced  to  equality  by  cutting  off  a little  of  the  coat- 
ing. An  ekdlrician  fhould  have  a pair  of  fmall  jars  or 
phials  fo  adjufted.  It  will  ferve  to  difcover  in  a mi- 
nute or  two  the  mark  of  one-half  eledlricity  for  any 
eledlrometer,  and  for  any  degree ; as  alfo  for  mea- 
furing  jars,  batteries,  fhocks,  &c.  much  more  accurate- 
ly than  any  other  method : becaufe  fuch  phials,  con- 
ftrudted  as  we  fhall  defcribe  immediately,  may  be  made 
fo  neutral,  and  fo  retentive,  that  the  quantity  which 
diffipates  during  the  handling  becomes  quite  infignifi- 
cant  in  proportion  to  the  quantity  remaining  ; w'hereas, 
in  all  experiments  with  eledtrom.eters,  conftrufled  with 
the  moft  curious  attention,  the  difEpations  are  great  in 
proportion  to  the  whole,  and  are  capricious. 

It  was  chiefly  by  this  method  that  the  writer  of  this 
article,  having  read  Mr  Cavendifli’s  paper,  compared 
the  meafures  given  by  experiment  with  thofe  which  re- 
fult  from  an  adlion  in  the  inverfe  duplicate  ratio  of  the 
diftance.  When  the  charges  were  moderate,  the  coin- 
cidence was  perfedl ; when  the  charges  w'ere  great,  the 
large  plates  contained  a little  more.  This  is  plainly 
owing  to  their  being  lefs  difpofed  to  dlfllpate  from  the 
165  edges. 

Maxims  for  We  may  now  follow  with  fome  confidence  the  prac- 
conftruit-  tical  maxims  deducible  from  the  theory  for  the  con- 
ing  jars,  flruclion  of  this  accumulating  apparatus.  The  theory 
^ttenes,  pj-gfcj-ibes  a very  condudting  coating,  in  clofe  and  unin- 
terrupted contadl  ; It  prefcribes  an  extenfive  furface, 
and  a thin  plate  of  idlo-elcdlric  fubflance.  According- 
ly all  thefe  are  in  fadt  attended  by  a more  powerful  ef- 
fedl.  Metal  is  found  to  be  far  preferable  to  water, 
which  w'as  firft  employed,  having  beenfuggefted  by  the 
original  experiments  of  Gray,  Kleift,  and  Cunseus.  A 
continuous  plating  is  prefcribed,  in  preference  to  fome 
methods  commonly  pradtifed  ; fuch  as  filling  the  jar 
with  brafs  duft,  or  gold  leaf,  or  covering  its  furface 
W’ith  filings  ftuck  on  with  gum  water,  or  coating  the 
infide  w'ith  an  amalgam  of  mercury  and  tin.  This  lafl 
appears,  by  reflediion  from  the  outfide,  to  give  a very 
continuous  coating  ; but  if  we  hold  the  jar  betw'een 
the  eye  and  the  light,  we  may  perceive  that  it  is  only 
like  the  covering  with  a cobweb.  Yet  there  are  cafes 
where  thefe  imperfedl  coatings  only  arc  pradticable, 


and  fome  rare  ones  where  they  are  prefeiable.  In  liie  liint  for 
medical  exhibition  of  eledtricily,  where  the  purpi.  fs  in-  medical  ex- 
tended is  fuppofed  to  require  the  transfufion  of  a great 
quantity  of  tlte  eledlric  fluid,  any  thing  that  can  dimi- 
nifh  tlie  irritating  fmartnefs  of  the  fpark  is  defirable. 

This  is  greatly  etFedted  by  thofe  imperfedt  coatings. 

Small  fliocks,  which  convey  the  fame  quantity  of  fluid 
with  the  fliarp  pungent  and  alarming  fpark  from  a large 
furface,  are  quite  loft  and  inofFenfive,  greatly  refem- 
bling  the  fpafinodic  quivering,  fometimes  felt  in  the  lip 
or  eye-lid,  and  will  not  alarm  the  mod  fearful  patient.  155 

Clofe  contadl  of  the  metallic  coating  is  obfeived  to  How  to 
increafe  the  elFedt  of  the  charge.  But  it  is  alfo  found,  prevemthe 
that  it  greatly  increafes  the  nfk  of  burfting  the  glafs  bm-fling  of 
by  fpontaneous  dlfcharge  tlirough  its  fubtiance. 
experienced  eleclrician  (we  think  it  is  Mr  Brookes  of 
Norwich)  fays,  that  fince  he  has  employed  paper  co- 
vered with  tinfoil,  with  the  paper  next  the  glafs,  inftead 
of  the  foil  itfelf,  he  has  never  had  a jar  burft  ; whereas 
the  accident  bad  been  very  frequent  before.  The  the- 
ory juflifies  this  obfervation.  Paper  is  an  imperfedi 
condudlor,  even  when  foaked  with  flour  pafte  ; and  the 
transfufion,  though  rapid,  is  not  infiantaneous  nor  de- 
fultory,  but  begins  faintly,  and  fwells  to  a maximum.' 

It  operates  on  the  glafs,  like  gradual  warming  inllead 
of  the  fudden  application  of  great  heat  . 

Mr  Cuthbertfon,  an  excellent  artift  in  all  eledtrical  ap-  Very  curi- 
paratus,  and  inventor  of  the  bed  air-pump,  has  made  a ous  obfer- 
curious  obfervation  on  this  fubjedl.  He  fays  that  he  '■'’auou  by 
has  uniformly  obferved,  that  jars  take  a much  greater 
charge  (nearly  one-third),  if  the  infide  be  confiderably 
damped,  by  blowing  into  it  with  a tube  reaching  to  the 
bottom  [Nicholfon’s  Journal.,  March  1799). — We  mull 
acknowledge,  that  we  can  form  no  didindl  conception 
of  what  Mr  Cuthbertfon  calls  an  undulation  of  the  elajlic 
atmofphere.  We  do  not  know  whether  he  means  that 
the  atnmfphere  is  adfually  undulating  as  water,  or  as 
air  in  the  produdfion  of  found,  its  parts  being  in  a re- 
ciprocating motion  ; or  w'hether  he  only  means  that 
this  atmofphere  confids  of  quiefcent  drata,  alternately 
denfer  and  rarer.  Nor  can  we  form  any  notion  how 
either  of  thefe  undulations  contributes  to  the  explofion, 
or  prevents  it.  We  are  really  but  very  imperfedly  ac- 
quainted with  that  part  of  the  fcience  which  Ihould  de- 
termine the  precife  accumulation  that  produces  the  de- 
fuitory  transference.  We  mentioned  one  necefl'ary  con- 
fequence  of  the  afllon  inverfely  as  the  fquare  of  the 
didance,  which  has  fome  relation  to  this  quedion,  ws.  ' 

that  a particle,  making  part  of  a fpherical  furfiice,  is 
twice  as  much  repelled  when  it  has  jud  quitted  the  fur- 
face as  when  it  made  part  of  it,  provided  its  place  be 
immediately  fupplied.  And  another  circuniftance  has 
been  frequently  mentioned,  vi%.  that  a greater,  and  per- 
haps mueh  greater,  force  is  necefl’ary  for  enabling  a 
particle  of  fluid  to  quit  the  lad  feries  of  particles  oT 
the  folid  matter  than  for  producing  almod  any  condi- 
pation.  But  we  are  not  certain  that  thefe  circumdan- 
ces  are  of  fufficient  influence  to  explain  the  whole  of 
the  event.  Valeant  quantu7fi  valsre  pojfint.  Yet  we 
are  of  opinion  that  Mr  Cuthbertfon  has  affigned  the 
true  caufe,  namely,  the  imperfedt  coating  of  the  infide 
of  the  glafs.  When  we  come  to  the  explanation  of  the 
efcape  of  eledtricity  along  imperfedt  condudtors,  w'c 
hope  that  it  will  appear,  that  the  difpofition  to  efcape 
mud  be  greatly  diminiflied  by  a charge,  which  difpofes 
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the  fluid  To,  that  In  no  place  the  conftlpatlon  is  remark- 
ably  greater  than  in  another  part  very  near  it,  and  the 
168  denfity  changes  every  where  flowly. 

Bcft  forms  'With  refpefl  to  the  form  of  tire  coated  glafs,_  the 
for  jars, &c.  theory  prefcribes  that  which  will  occafion  fuch  a diftti- 
bmion  of  the  eleftric  fluid  as  fhall  make  its  repulfion 
for  the  fluid  in  the  canal  which  connedls  it  with  the 
prime  conduflor  as  little  as  poflible.  In  this  refpedl:, 
it  would  feem  that  a plate  is  the  bed,  and  a globe  the 
woift:  but  if  both  are  very  thin,  the  difference  cannot 
be  confiderable.  Our  experience,  how^ever,  feems  to  in- 
dicate the  oppofite  maxim  as  the  mod  proper.  We 
have  uniformly  found  a globe  to  be  far  preferable  to  a 
plate  of  the  fame  thicknefs,  and  that  a plate  was  ge- 
nerally the  weaked  form.  It  mud  be  owned,  that  we 
have  net  yet  been  able  to  afeertain  by  the  theory  what 
is  the  exa(5t  didributicn  of  the  redundant  fluid  in  a 
plate.  In  a fphere,  it  mud  be  uniformly  fpread  over 
the  furface.  We  mud  alfo  afciibe  part  of  the  inferio- 
rity of  the  plate  to  its  greater  tendency  to  diflipation 
from  the  edges.  If  a plate  be  coated  in  a dar-like 
form,  with  flender  projeding  points,  we  fhall  obferve 
them  luminous  in  the  dark,  almod  at  the  beginning  of 
the  accumulation  ; and  the  plate  wdll  difeharge  itfelf  by 
thefe  points,  over  the  uncoated  part,  before  it  has  at- 
tained any  confiderable  drength.  Thofe  forms  are  lead 
expofed  to  this  deterioration  which  have  the  lead  cir- 
cumference to  the  fame  quantity  of  furface.  We  have 
always  found,  that  a fquare  coating  will  not  receive  a 
more  powerful  charge  without  exploding  than  a circu- 
lar one  of  the  fame  breadth,  although  it  contains  a 
fourth  more  furface;  and  this  although  any  vifible  efcape 
from  the  angles  be  prevented  by  covering  the  outline 
with  fealing-wax.  Of  all  forms,  therefore,  a globe, 
wdth  a very  narrow,  but  long  neck,  is  the  mod  reten- 
tive. But  it  is  very  difficult  to  coat  the  infide  of  fuch 
a veffel.  The  balloons  ufed  in  chemical  didillations 
make  excellent  jars,  and  can  be  eafily  coated  internally 
when  the  neck  will  admit  the  hand.  The  thinned  of 
tinfoil  may  be  ufed,  by  fird  pading  it  on  paper,  and 
then  applying  it  either  with  the  foil  or  the  paper  next 
the  glafs.  It  fiiould  be  cut  into  guffets,  as  in  the  co- 
vering of  terredrial  globes ; and  they  flrould  be  put  on 
overlapping  about  half  an  inch.  The  middle  of  the 
bottom  is  then  coated  wdth  a circular  piece.  The  great 
bottles  for  holding  the  mineral  acids  are  alfo  good  jars, 
but  inferior  to  the  balloons,  becaufe  they  are  very  thick 
in  the  bottom,  and  for  fome  di dance  from  it.  A box 
of  balloons  contains  more  effedtive  furface  than  an  equal 
box  of  jars  of  the  fame  diameter  and  height  of  coating. 
Compendi-  The  mod  compendious  battery  may  be  made  in  the 
ousbattery.  following  manner : Choofe  fome  very  flat  and  thin 
panes  of  the  bed  crown  glafs,  coat  a circle  (abed), 
(fig.  31.)  in  the  middle  of  both  furfaces,  fo  as  to  leave 
a fufficient  border  uncoated  for  preventing  a fpontane- 
ous  difeharge  ; let  each  of  them  have  a narrow  flip  of 
tinfoil  a reaching  from  the  coating  to  the  edge  on  one 
fide,  and  a fimilar  flip  c leading  to  the  oppofite  edge  on 
the  other  fide.  Lay  them  on  each  other,  fo  that  the 
flips  of  two  adjoining  plates  may  coincide.  Conne^d 
all  the  ends  of  thefe  flips  on  one  fide  together  by  a flip 
of  the  fame  foil,  or  a wire  which  touches  them  all. 
Then,  conneding  one  of  thefe  colleding  flips  with  the 
prime  condudlor,  and  the  other  with  the  ground,  we 
njay  charge  and  difeharge  the  whole  together.  If  the 


panes  be  round,  or  exaft  fquares,  we  may  employ  as 
few  of  them  together  as  we  pleafe,  by  fetting  the  whole 
in  an  open  frame,  like  an  old  fafliioned  plate-warmer  ; 
and  then  turning  the  fet  wliich  w^e  would  employ  to- 
gether at  right  angles  to  the  red.  This  evidently  de- 
taches the  two  parcels  from  each  other.  This  battery 
may  be  varied  in  many  ways  ; and  if  the  whole  is  always 
to  be  employed  together,  we  may  make  it  extremely 
retentive,  by  covering  the  uncoated  border  of  the  plate 
with  melted  pitch,  and,  w'hile  it  is  foft,  preffing  down 
its  neighbour  on  it  till  the  metallic  coatings  touch. 

For  greater  variability  this  may  be  done  in  parcels  of 
the  whole.  j-q 

On  the  fame  principle,  a mod  compendious  battery  Another- 
may  be  made  by  alternate  layers  of  tinfoil  and  hard  var- 
nlffi,  or  by  coating  plates  of  very  clear  and  dry  Muf- 
covy  glafs.  But  thefe  mud  be  ufed  with  caution,  led 
the^  be  burd  by  a fpontaneous  difeharge  ; in  w'hich 
cafe  W'e  cannot  difeover  w-here  the  flaw  has  happened. 

They  make  a fiirprlfing  accumulation,  without  fhewing 
any  vivid  eledtricity. 

We  have  made  a very  fine  eledlric  phial  for  carry-  Portable 
ing  about,  by  forming  tin-plate  (iron  plate  tinned)  into  jar. 
fomewhat  of  a phial  fliape,  with  a long  neck.  We 
then  covered  this  with  a coating  of  fine  fealing-wax, 
about  -j^th  of  an  inch  thick,  quite  to  the  end  of  the 
neck,  and  coated  the  fealing-wax,  all  but  the  neck,  with 
tinfoil.  It  is  plain  that  the  fealing-wax  is  the  coated 
idio-eledtric,  and  that  the  tin-plate  phial  ferves  for  an 
inner  coating  and  wire.  The  diffipatlon  is  almod  no- 
thing if  the  neck  be  very  fmall ; and  it  only  requires  a 
little  caution  to  avoid  burding  by  too  high  a charge. 

Even  this  may  be  prevented  by  coating  the  fealing-wax 
fo  near  to  the  end  of  the  neck,  that  a fpontaneous  dif- 
eharge mud  happen  before  the  accumulation  is  too 
great.  _ 

It  is  well  known  tliat  the  difeharge  happens  when  Importance 
the  difeharging  balls  are  at  a confiderable  didance  from  of  a clofe 
each  other;  therefore  only  as  much  is  difeharged  35  difeharge. 
correfponds  to  that  dIdance.  This  is  one  caufe  of  the 
refiduum  of  a difeharge  which  fometimes  is  pretty  con- 
fiderable. Sonte  experiments  require  the  very  utmod 
fcicc  of  the  charge.  It  is  therefore  proper  to  make  the 
difeharge  as  clofe  and  abrupt  as  poffible.  But  the  mod 
rapid  approach  that  we  can  make  of  the  difcnaiger  is 
nothing  in  comparifon  with  the  velocity  with  which  the 


fluidfeems  to  fly  off,  and  will  theiefore  have  but  finnll 
influence  in  making  a more  indantaneous  and  corriplete 
difeharge.  Theory  points  out  the  following  method : 

Let  a very  thick  plate  of  gk  fi>  (half  an  inch),  of  feveral 
inches  diameter,  be  put  between  the  difeharging  balls, 
which  fhould,  in  this  cafe,  be  fmall,  and  let  thefe  b'alls 
be  drongly  prefled  againd  it  by  a fpring.  While  the 
charge  is  going  on,  a very  fmall  part  of  the  glafs  plate, 
round  the  points  of  contadf,  will  receive  a weak  and 
ufelefs  charge  ; but  this  will  not  hinder  the  battery  from 
acquiring  the  fame  intenfity  of  charge.  When  th's  is 
completed,  let  the  Intervening  glafs  plate  be  brifkly 
withdrawn.  The  difeharge  will  begin  with  an  intenfi- 
ty which  is  unattainable  in  the  ordinary  manner  of  pro- 
ceeding. _ 173 

Much  has  been  faid  of  the  lateral  explofion.  It  ap-  Lateral  ex- 
pears, that  in  fome  of  the  prodigious  transferences  of  plofion. 
eledricity  that  have  taken  place  in  the  difeharge  of  great 
furfaces  through  wires  barely  fufficient  to  condud  them, 
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diflance  between  the  redundant  and  deficient  ftratum  is  the  redundant  fluid  is  lodged  In  the  glafs  If  the  plates 
lefs  than  the  thicknefs  of  the  glafs;  and  this,  perhaps,  be  thin,  and  the  redundant  fluid  bear  but  a fmall  pro- 
in an  unknown  proportion.  portion  to  the  natural  quantity.  Similar  reafoning 

This  precious  experiment  of  Dr  Franklin  was  re-  ftiews  that  the  greateft  part  of  the  deficiency  is  in  the 
peated  by  every  electrician,  and  varied  in  a thoufand  other  fide  of  the  glafs  ; and  that  tHerefore  tlie  coatings 
ways.  No  philofopher  has  carried  this  refearch  far-  are  very  nearly  in  their  natural  ftate,  and  merely  ferve 
ther  than  Beccaria  ; and  he  has  given  ground  fora  the  purpofe  of  conduding. 

niod  important  difeovery  in  the  mechanical  theory,  We  have  employed  coatings  of  confiderable  thick- 
namely,  that  the  charged  glafs  has  feveral  ftrata,  of  in-  nefs,  having  holes  through  them,  oppofite  to  w'hich  was 
conceivable  thinnefs,  alternately  redundant  and  deficient  fome  gold  leaf  of  the  heaviefl:  fort,  and  almoft  free  of 
in  eleClrlc  fluid  ; and  that  by  continuing  the  eleCfrifica-  cracks.  We  have  examined  the  ftate  of  the  bottom  of 
tion,  thefe  ftrata  penetrate  deeper  into  the  glafs,  and  thofe  pits  in  Mr  Coulomb’s  manner,  and  always  found 
probably  increafe  in  number.  We  have  not  room  here  them  void  of  eleftricity. 


to  give  even  an  account  of  his  experiments,  and  muft 
refer  the  philofophical  and  curious  reader  to  that  part 
of  his  valuable  Treatife  where  he  treats  of  what  he  calls 
vindicaimg  or  recover ing  skEtricity  ; as  alfo  to  a paper 


Thus  we  learn  that  glafs,  and  probably  all  othe*’ 
eleClrics,  acquire  redundant  and  deficient  ftrata  as  well 
as  the  moft  perfeCt  conductors,  at  the  fame  time  that 
they  may  be  impervious  to  the  fluid  ; and  we  get  fome 
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by  Mr  Henley  in  Phil.  Tranf.  for  1766,  giving  account  niode  of  conceiving  how  the  rupture  happens  by  a ftrong 
of  experiments  on  Dutch  plates  by  Mr  Dane.  The  charge.  This  may  very  probably  happen  when  the 
general  form  of  the  experiment  is  this.  He  puts  two  ftrata  have  formed,  in  alternate  order,  fo  deep  in  the 
plates  together  ; he  coats  the  outer  furfaces,  and  char-  gDfs,  that  a ftratum,  in  which  the  fluid  is  crowded  clofe 
ges  and  difeharges  them  as  one  thick  plate.  Their  in-  together,  may  become  contiguous  to  one  deprived  al 


ner  touching  furfaces  are  found  ftrongly  eleCttical  after 
the  difeharge,  having  oppofite  eleCiricitles,  and  chan- 
ging thefe  eleCfricicies,  by  repeated  reparations  and  re- 
placings, in  a way  feemingly  very  capricious  at  firft 
fight,  bat  which  the  attentive  reader  will  find  to  be  ac- 
cording to  fixed  laws,  and  agreeably  to  the  fuppofition 


tliat  the  ftrata  pdually  fi.ift  their  places  within  the  i„derftood  by  electricians, 
glafs,  very  much  refembling  what  w'e  obferve  on  a long  nr>i,»  c „ jwvt. 


together  of  fluid.  We  cannot,  however,  fay  wdth  con- 
fidence, what  Jhouli  be  the  effeCt  of  this  ftate  of  things; 
or  of  one  conftipated  ftratum  coming  in  cohtaCt  with 
another. 

This  view  of  the  condition  of  charged  glafs  explains 
(we  think)  feveral  phenomena  which  feem  not  well 


glafs  rod  which  we  would  render  eleCtric  by  induction. 
In  this  cafe,  as  was  obferved  in  n“  57.  there  are  ob- 
ferved  more  than  one  neutral  point,  &c. 

Mr  Cavendifli  endeavours  to  give  us  fome  notion  of 
the  difpofition  of  the  fluid  in  the  fubftance  of  the  glafs 
in  the  following  manner  : Having  feparated  the  coated 
plate  from  the  machine  and  from  the  ground,  fuppofe 
little  of  the  redundant  fluid  in  B /S  df  D (fig.  33.) 


The  refiduum  of  a difeharge  is  frequently  owing  to 
a charge  extending  beyond  the  coating,  where  the  ac- 
tion is  confiderably  irregular,  or  different  from  what  it 
would  be  if  the  plates  were  infinitely  extended.  This 
outline  charge  is  taken  up  by  the  coated  part  after  a 
very  little  wh'le,  and  may  again  be  difeharged.  But 
it  alfo  frequently  arifes  from  another  ftratum  (much 
thinner,  as  it  will  always  be)  than  the  exterior  one,  co 


Several 

phenomena 

explained. 


a ot  tlie  reaunaanc  nma  m .■  u (ng.  33.  J 

equal  to  the  fluid  warning  mE.  , p I.  we  now  fuppole  ‘Lini.  now  in  a condition  for  beino  dii>b,r<r,d  tJ 
all  the  redundant  fluid  to  be  lodged  m tfrf,  and  e f 
to  hold  all  the  redundant  matter,  and  the  two  coatings 


to  be  in  their  natural  ftate,  a particle  />,  placed  in  the 
middle  of  the  furface  b d,  will  be  nearly  as  much  at- 
tracted by  8 £■/  cp  as  it  is  repelled  hj  b ^ S'  d (exaClly  fo 
if  the  plates  were  infinitely  extended)  ; and  if  the  coat- 
ing be  removed,  keeping  paiallel  and  oppofite  to  the 
furface  that  it  quits,  there  will  be  very  little,  if  any, 
tendency  to  fly  from  the  glafs  to  the  coating : there 
will  rather  be  fome  difpofition  in  the  fluid  to  quit  the 
coating  and  fly  to  the  glafs ; becaufe  the  repulfion  of 
b ^ S d\&  more  diminillied  than  the  attraCHon  oi  % e f 
(n®  42.).  But  the  difference  will  be  very  fmall  indeed. 

(N.  B.  the  refult  would  be  very  different  if  eleClric  ac- 
tion followed  a different  law.  Were  it  as^,  the  coating 

would  be  much  overcharged ; and  were  it  it 

would  be  very  much  undercharged).  Now  the  faCt  is, 
that  when  the  coating  is  carefully  removed,  it  is  pof-  fhould  recommend  very  frnall  ftiocks  from  a very  large 
felTcd  of  very  little  eleCtricity,  not  more  than  may  rea-  furface  of  coated  glafs,  very  faintly  eleCfrified,  in  place 
fonably  be  fuppofed  to  run  into  it  by  bringing  av.^ay  of  ftrong  fparks.  Patients  of  irritable  conftitutions  are 
one  part  before  another.  It  is  impofUble  to  keep  it  frequently  alarmed  by  the  quicknefs  and  pungency  of 
mathematically  parallel.  ftrong  fparks ; but  if  the  balls  of  Lane’s  fhock-mea- 

Hence  we  may  conclude  that  the  greateft  part  of  furer  be  fet  fo  clofe  as  to  give  four  or  five  fhocks  in 

each 


and  being  now  in  a condition  for  being  difeharged.  It 
explains  the  fparkling  that  is  perceived  in  fuccejjion  be- 
tween the  parts  of  a jar  that  is  coated  in  Ipots,  during 
the  charge,  and  the  very  fenfible  refiduum  of  the  charge 
of  fuch  a veffel.  It  explains  the  phenomena  of  Bec- 
carla’s  Eeledricitas  Vindex  (fee  Electricity,  Encycl. 
§ 48.),  and  the  great  difference  that  may  be  found  in 
the  different  kinds  of  glafs  in  this  refpeft.  It  explains 
the  great  difference  between  the  fenfation  occafioned  by 
a fpark  from  a perfedly  conducting  furface  of  confide- 
rable extent,  and  that  occafioned  by  a fliock,  which 
conveys  the  fiime  quantity  of  fluid  accunnulated  in  a 
fmall  furface  of  glafs.  The  difeharge  of  the  firft  is  al- 
raoft  inftantaneous,  while  that  of  the  laft  requires  a 
fmall  moment  of  time,  and  is  therefore  left  defukory 
and  abrupt.  The  one  is  pungent  and  ftartling  ; but 
the  other  is  fofter  in  die  firft  inftant,  and  fwells  to  a 
maximum.  Therefore,  in  the  medical  employment  of 
eleiftricity,  when  the  purpofe  is  to  be  effeded  by  the 
transfufion  of  a great  quantity  of  eleftric  fluid,  we 
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each  turn  of  a feven  inch  cylinder,  the  fliocks  are  not 
even  difagreeable.  The  balls  fhould  be  made  of  fine 
cupelled  filver : in  which  cafe,  the  furface  will  never 
be  hurt  by  the  greateft  difcharge ; whereas  the  dif- 
charge  of  four  fquare  feet  of  coated  glafs  will  raife  fuch 
a roughnefs  on  the  furface  of  brafs  as  will  caufe  it  to 
fpatter,  and  deftroy  entirely  the  regularity  of  the  expen- 
diture of  fluid.  The  fame  confideratisn  ftiould  make  us 
prefer  ajar  coated  internally  with  amalgam.  This  cob- 
web coating  gives  a greater  loftnefs  to  the  (hock.  Laftly, 
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diftances.  When  a confiderable  ftratum  is  difchargcd, 
the  fluid  does  not  come  from  the  extremity  of  it  to  the 
point  of  difcharge  through  the  glafs,  but  through  the 
coating.  And  when  alternate  ftrata  of  redundant  fluid 
and  redundant  matter  are  formed,  the  particles  in  each 
fhift  their  places  very  little,  moving  perpendicularly  to 
the  ftratum. 

Even  this  degree  of  obftruftion  has  been  denied  by  Theimper- 
fome  very  aftive  electricians,  who  have  multiplied  ex-  nieability 
periments  to  prove  that  the  fluid  pafles  freely  through  eledncs 


we  fee  why  a powerful  and  permanent  eleCtricity  was  glafs,  and  that  the  theory  of  coated  eleClrics  is  totafly 


not  produced  in  the  tube  filled  with  melted  fealing-wax, 
and  treated  as  mentioned  in  n*^  loi.  The  redundancy 
and  deficiency  intended  to  be  produced  could  only  be 
fuperficial.  And  becaufe  the  wax  cooled  by  degrees 
from  the  furface  to  the  axis,  and  the  wax  is  a conduc- 
tor while  liquid,  it  muft  have  taken  a charge  at  laft ; 
and  therefore  muft  appear  but  faintly  eleCtrical. 

181  This  account  of  the  ftate  of  charged  glafs  promifes 
us  fome  affiftance  in  our  attempts  to  conceive  what 
pafles  in  the  excitation  of  glafs  by  friction.  It  ap- 
pears from  Beccaria’s  experiments,  that  the  redundant 
fluid  is  lodged  in  the  fame  manner  in  both  cafes  ; for 
by  rubbing  one  fide  of  a glafs  tumbler,  while  points 
were  prefented  to  the  oppofite  furface,  and  were  con- 
nected with  a wire  that  communicated  with  the  ground, 
i8a  he  gave  it  a powerful  charge. 

The  quan-  It  is  obferved,  that  when  the  larnin*  of  a piece  of 
tity  of  fluid  Mufcovy  glafs  are  feparated,  by  pulling  them  afunder 
in  a body  without  inferting  any  inftrument  between  them,  they 


diflferent  from  what  Franklin  imagines.  Mr  Lyons  of 
Dover  has  publiftied  a numerous  lift  of  fingular  experi- 
ments, which  he  has  made  with  this  view,  with  much 
trouble,  and  no  fmall  expence.  They  may  all  be  re- 
duced to  this : A wire  is  brought  from  the  outfide  of 
a phial,  charged  by  the  knob,  and  terminates  in  a ftiarp 
point  at  a fmall  diftance  from  a thin  glafs  plate  (it  is 
commonly  introdQced  into  a glafs  lube,  having  a ball 
at  the  end,  and  the  point  of  the  wire  reaches  to  the 
centre  of  the  ball);  and  another  wire  is  connected  with 
the  difcharging  rod,  and  alfo  comes  very  near  (and  fre- 
quently clofe)  to  the  other  fide  of  the  glafs,  oppofite 
to  the  pointed  wire.  With  this  apparatus  he  obtains  a 
difcharge ; and  therefore  fays,  that  the  glafs  is  perme- 
able to  electricity.  But  he  does  not  narrate  all  the 
circumftances  of  the  experiment.  We  have  repeated 
all  of  them  that  have  any  real  difference  (for  mod 
of  them  are  the  fame  faCt  in  different  forms),  and  we 
have  obtained  difcharges  : But  they  were  all  very  in- 
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® are  eleCtrical  when  feparated ; one  being  pofitive,  and  complete,  except  when  the  glafs  was  perforated,  which 
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the  other  negative,  Muft  we  not  conclude  from  this, 
that  when  conjoined  they  were  in  the  ftate  of  charged 
glafs?  If  we  take  this  view  of  it,  a body  may  contain 
a prodigious  quantity  of  eleCtrie  fluid  without  exhibit- 
ing any  appearance  of  it.  Mr  Nicholfon  found,  by  a 
very  fair  computation  from  his  experiments,  that  a cubic 
inch  of  talc,  when  fplit  into  plates  of  0,011  of  an  inch 
in  thicknefs,  and  coated  with  gold  leaf,  gave  a fhock 
equal  to  the  emptying  45  conductors,  each  feven  inches 
in  diameter  and  three  feet  long,  electrified  fo  that  each 
gave  a fpark  at  nine  inches  diftance.  Now,  the  whole 
of  this  was  moveable  fluid,  and  no  more  than  what  the 
talc  contains  when  uneleCtrified  : for  no  more  comes  in- 
to the  pofitive  fide  than  goes  out  of  the  negative  fide. 
Nay,  there  is  no  probability  that  the  quantity  move- 
able  in  our  experiments  bears  a confiderable  proportion 
to  the  natural  quantity.  The  quantity  of  moveable 
fluid  in  a man’s  body  is  therefore  very  great : and  Lord 
Mahon  is  well  authorifed  to  fay,  that  the  fudden  dif- 
placing  of  this  quantity  in  a returnwgjlrohe,  which  has 
been  occafioned  by  a difcharge  of  a cloud  in  a very 
diftant  place,  is  fully  adequate  to  the  production  of  the 
moft  violent  effects.  But  his  Lordfhip  has  not  attend- 
ed to  the  circumftance,  that  no  fuch  difplacement  can 
happen.  The  accumulation  that  can  be  made  in  the 
human  body  is  only  fuperficial;  and  therefore,  although 
the  whole  fluid  of  a man’s  body  may  change  its  place, 
it  will  not  change  it  with  the  rapidity  that  feems  ne- 
ceflary  for  the  violent  effeCis  of  eleCtricity,  except  in 
the  very  points  of  communication  with  the  furrounding 
bodies. 

We  have  now  feen  in  what  fenfe  the  idio-eleCliics 
may  be  faid  to  be  impervious  to  the  eleCtric  fluid.  It  is 
moved  in  them  only  to  very  fmall  and  imperceptible 
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happened  very  frequently.  The  difcharge  was  never 
made  with  a full,  bright,  undivided  fpark,  and  loud 
fnap  ; but  with  fputtering,  and  trains  of  fparks,  conti- 
nued for  a very  fenfible  time;  and  the  phial  was  never 
deprived  of  a confiderable  part  of  its  charge:  and 
(which  Mr  Lyons  has  taken  no  notice  of)  the  glafs  is 
found  to  be  charged,  negative  on  the  fide  connected 
with  the  pofitive  fide  of  the  phial,  and  pofitive  on  the 
other.  This  charge  was  communicated  to  the  glafs 
over  a pretty  confiderable  furface  round  the  points  im- 
mediately oppofite  to  the  wires.  This  is  quite  con- 
formable to  the  experiments  of  Dr  Franklin  and  Bec- 
caria,  who  charged  a tumbler  by  grafping  it  with  the 
hand,  and  prefenting  the  infide  to  a point  electrified  by 
the  prime  conductor.  The  whole  experiment  is  ana- 
logous to  the  one  narrated  in  n®  176,  „ 

We  may  conclude  our  obfervations  on  coated  glafs  Barsto^uch- 
with  mentioning  a curious  experiment.  A flat  flick  of  ed  like 
fine  fealing-wax,  warmed  till  it  bent  pretty  readily,  was  magnetsfoir 
rendered  permanently  eleCtrical,  with  a pofitive  and  ne-  eleCtricity. 
gative  pole,  in  a manner  analogous  to  the  double  touch 
of  magnets.  A fmall  jar  was  taken,  having  a hemif- 
phere  on  the  end  of  its  infide  wire,  and  another  on  the 
end  of  a ftiff  wire  projecting  from  the  outer  coating, 
and  then  turned  up  parallel  to  the  infide  wire ; fo  that 
the  two  hemifpheres  flood  equally  high,  and  about 
three  inches  afunder.  This  jar  was  electrified  fo  weak- 
ly, as  to  run  no  rifk  of  a fpnntaneous  difcharge.  The 
flat  faces  of  the  two  hemifpheres  were  now  applied  to 
the  flat  fide  of  the  fealing-wax,  and  were  moved  to 
and  fro  along  it,  overpafling  both  ends  about  an  inch 
W'ith  each  hemifphere.  The  experiment  was  very 
troublefome;  for  the  phial  often  difcharged  itfelf  along 
the  furface  of  the  fealing-wax,  and  all  was  to  begin 

4 'I'  again. 


686 


electricity. 


again.  But,  by  continuing  this  operation  till  the  feal- 
ing-wax  grew  quite  cold  and  hard,  it  acquired  a very 
fenfible  eiedlricity,  which  lafted  feveral  weeks  when 
kept  with  care  ; "but  ftill  it  was  not  much  more  fenfible 
than  that  of  the  fealing-wax,  which  congealed  between 
iB6  globes  oppofitely  eledrified, 

Eledro-  After  this  application  of  the  theory  to  the  pheno- 
phorus.  mena  of  coated  glafs,  it  will  not  be  neceffary  to  employ 
much  time  in  its  application  to  the  eledrophorus.  The 
general  propofitions  from  n°  14.  to  25.  and  their  com- 
panions in  n®  38 — 43.  will  enable  us  to  ftate  with  pre- 
cifion  (when  combined  with  the  law  of  eledric  adion) 
the  adions  of  every  part  of  this  apparatus  ; and  confi- 
derable  aflidance  will  be  derived  from  a careful  confi- 
deration  of  our  analyfis  of  Profeffor  Richmann’s  experi- 
ment In  n°  156.  But  we  muft  content  ourfelves  with 
a general,  popular  view  of  thefe  particulars,  which 
may  be  fufficient  for  making  us  underftand  what  will 
be  the  Mnd,  and  fomewhat  of  the  intenjity,  of  the  ac- 
tion of  its  different  parts. 

The  eledrophorus  confifts  of  three  parts.  The  chief 
part  is  the  cake  ABCD  (fig.  34.)  of  fome  eledric  ; 
fuch  as  gum  lac,  fealing-wax,  pitch,  or  other  refinous 
compofition.  This  is  melted  on  fome  conduding  plate, 
DCFE,  and  allowed  to  congeal ; in  which  ftate  it  is 
found  to  be  negatively  eledric.  Another  conduding 
plate  GHBA  is  laid  on  it,  and  may  be  raifed  up  by 
fdk  lines,  or  any  infulating  handle.  We  fhall  call 
ABCD  the  cake,  DCFE  the  sole,  and  GHBA  the 

COVER. 

The  general  appearances  not  having  been  fo  fcientl- 
fically  claffed  in  the  article  Electricity  as  could  be 
wiftied,  we  fhall  here  narrate  them,  very  briefly,  in  a 
way  more  fulted  to  our  purpofe.  In  comparing  the 
theory  with  obfervation,  it  will  be  proper  to  make  all 
the  three  parts  of  confiderable  thicknefs,  and  of  no 
great  breadth.  Although  this  diminifhes  greatly  the 
moft  remarkable  of  the  adions,  it  leaves  them  fufhcient- 
ly  vivid,  and  it  greatly  increafes  the  fmaller  changes 
which  are  inftrudive  in  the  comparifon.  The  general 
fads  are, 

Phcnome-  1.  If  the  foie  has  been  infulated  during  the  congela- 
na  diereof.  tJon  of  the  eledric,  till  all  is  cold  and  hard,  the  whole 
is  found  negatively  eledric,  and  the  finger  draws  a fpark 
from  any  part  of  it,  efpecially  from  the  foie.  If  allow- 
ed to  remain  in  this  fituation,  its  eledricity  grows  gra- 
dually weaker,  and  at  laft  difappears : but  it  may  be 
excited  again  by  rubbing  the  cake  with  dry  warm 
flannel,  or,  wFich  is  the  beft,  with  dry  and  warm  cat 
or  hare  fur.  If  the  cover  be  now  fet  on  the  cake  by 
its  infulating  handle,  but  without  touching  the  cover, 
and  again  feparated  from  the  cake,  no  eledricity  what- 
ever is  obferved  in  the  cover. 

2.  But  if  it  be  touched  while  on  the  cake,  a fharp 
pungent  fpark  is  obtained  from  It ; and  if  at  the  fame 
time,  the  foie  be  touched  with  the  thumb,  a very  fenfi- 
ble ftiock  is  felt  in  the  finger  and  thumb. 

3.  After  this,  the  eledrophorus  appears  quite  in- 
adive,  and  is  faid  to  be  dead ; neither  foie  nor  cover 
giving  any  fign  of  eledricity.  But, 

4.  When  the  cover  is  raifed  to  fome  diftance  from 
the  cake  (keeping  it  parallel  therewith),  if  it  be  touch- 
ed while  in  this  fituation,  a fmart  fpark  flies,  to  fome 
diftance,  between  it  and  the  finger,  more  remark- 
ably from  the  upper  fide,  and  ftill  more  from  its  edge, 


which  will  even  throw  off  fparks  into  the  air,  if  It  be 
not  rounded  off.  As  this  diminifhes  the  defined  effeds, 
it  is  proper  to  have  the  edge  fo  rounded.  This  fpark 
is  not  fo  lharp  as  the  former,  and  refembles  that  from 
any  eledrified  condudor. 

5.  The  eledricity  of  the  cover,  while  thus  raifed,  is 
of  the  oppofite  kind  to  that  of  the  cake,  or  is  pofitive. 

6.  The  eledricity  of  the  cover  while  lying  on  the 
cake  is  the  fame  with  that  of  the  cake,  or  negative. 

7.  The  appearances  n'’  2,  3,  4,  may  be  repeated  for 
a very  long  time  without  any  fenfible  diminution  of 
their  vivacity.  The  inftrument  has  been  known  to  re- 
tain its  power  undiminifhed  even  for  months.  This 
makes  It  a fort  of  magazine  of  eledricity,  and  we  can 
take  off  the  eledricity  of  the  cake  and  of  the  cover  as 
charges  for  feparate  jars,  the  cover,  when  raifed,  charg- 
ing like  the  prime  condudor  of  an  ordinary  eledrical 
machine ; and,  W'hen  fet  on  the  cake,  charging  it  like 
the  rubber.  This  caufed  the  inventor,  Mr  Volta,  to  give 
it  the  name  of  Electrophorus. 

8.  If  the  foie  be  infulated  before  putting  on  the 
cover,  the  fpark  obtained  from  the  cover  is  not  of  that 
cutting-kind  it  was  before  : but  the  fame  ftiock  will  be 
felt  if  both  cake  and  cover  be  touched  together. 

9.  If  the  cover  be  again  raifed  to  a confiderable  height, 
the  foie  will  be  found  eledrical,  and  its  eledricity  is 
that  of  the  cake,  and  oppofite  to  that  of  the  cover. 

10.  After  touching  both  cover  and  foie,  if  the  cover 
be  raifed  and  again  fet  down,  without  touching  it  while 
aloft,  the  whole  is  again  inadive. 

11.  If  both  cover  and  foie  be  made  inadive  when 
joined,  they  ftiew  oppofite  eledricities  when  feparated, 
the  foie  having  the  eledricity  of  the  cake. 

12.  If  both  cover  and  foie  be  made  inadive  when 
feparate,  they  both  fhew  the  oppofite  to  the  eledricity 
of  the  cake  when  joined. 

Let  us  now  attend  to  the  difpofition  of  the  eledrical  DifpoCtlon 
fluid  in  the  different  parts  of  the  inftrument  in  their  va- 
riousfituations,  and  to  the  forces  which  operate  mutually 
between  them.  V.  B.  Experiments  for  examing  this 
inftrument  are  beft  made  by  fetting  the  three  plates 
vertically,  fapported  on  glafs  ftalks,  with  leaden  feet, 
to  fteady  them,  A very  fmall  eledrometer  may  be  at- 
tached to  the  outer  furfaces  of  the  cover  and  foie. 

If  the  extent  of  the  plates  w'ere  incomparably  greater 
than  their  thicknefs,  we  may  infer  from  n°  92,  &c.  that 
the  redundant  fluid  and  matter  would  be  difpofed  in 
parallel  ftrata,  and  that  the  adions  would  be  the  fame 
at  all  diftances.  But  fince  this  is  not  the  cafe,  the  dif- 
pofition of  the  fluid  will  be  fomewhat  different ; and 
whatever  it  is,  the  adion  of  any  ftratum  will  be  dimi- 
nifhed  by  an  increafe  of  diftance.  The  following  de- 
feription  cannot  be  very  different  from  the  truth  : jgg 

I.  The  cake  grows  negative  by  cooling  ; and  if  it  Explana- 
were  alone,  it  would  have  a negative  fuperficial  ftratum  tion  of  the 
on  both  fides,  of  greater  thicknefs  near  the  edges ; and  primitive 
the  fluid  wmuld  probably  grow  denfer  by  degrees  to 
middle,  where  it  would  have  its  natural  denfity.  This 
dipofition  may  be  inferred  from  92,  93,  and  98. 

But  it  cools  in  conjundion  with  the  foie,  and  the  at- 
tradion  of  the  redundant  matter  in  the  cake  for  the 
moveable  fluid  in  the  foie  difturbs  its  uniform  diffufion 
in  the  foie,  and  caufes  it  to  approach  the  cake.  And 
becaufe  this,  in  all  probability,  happens  while  the  cake 
is  ftill  a condudor,  the  difpofition  of  its  fluid  will  be 
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fluxionary  calculus  in  its  refined  form.  In  the  prefent 
queftion  five  adting  ftrata  are  to  be  confidered,  which 
renders  the  formula;  very  complicated,  and  indeed  in- 
tradtable,  unlefs  we  make  the  plates  extremely  thin  ; 
which,  fortunately,  is  the  beft  form  of  the  inftrutnent. 
We  have  completed  this  mathematical  analyfis  ; and  the 
popular  view  here  given  is  the  refult  of  that  compu- 
199  tation. 

Condenjator  The  eledfricians  are  no  lefs  obliged  to  Mr  Volta  for 
of  eledtri-  another  machine,  or  inftrument,  from  wfiich  the  ftudy 
of  Nature’s  operations  has  derived,  or  may  derive,  im- 
menfe  advantages.  We  mean  the  condenser,  or  col- 
lector of  eledtricity.  We  refer  to  the  article  Elec- 
tricity in  the  Encycloptmdia  for  a defcription  of  the 
inftrument,  and  fome  account  of  its  effedts  and  proper- 
ties. The  general  effedl  is  to  render  fenfible  an  accu- 
mulation or  deficiency  of  eledtric  fluid  fo  flight  that  it 
will  not  affedt  the  mofl;  delicate  eledlrometer  ; and  it 
produces  (at  leaft;  in  the  opinion  of  Mr  Volta)  this  ef- 
fedf,  by  employing  for  the  foie  of  an  eledtrophorus  a 
body  which  is  an  imperfedf  condudfor,  fuch  as  a plate 
of  well  dried  marble,  or  well  dried,  but  not  baked, 
wood  ; or  even  a condudting  body,  covered  with  a bit 
of  dry  taflPety  or  other  filk.  Mr  Volta,  Cavallo,  and 
others,  who  have  written  a great  deal  on  the  fubjedl, 
have  attempted  to  fhew  how  thefe  fubftances  are  pre- 
ferable (and  they  certainly  are  preferable  in  a high  de- 
gree) to  more  perfedl  infuiators  ; but  not  having  taken 
pains  to  form  precife  notions  of  the  difpofition  and 
adlion  of  the  eledtric  fluid  in  the  lituations  afforded 
by  the  inftrument,  their  reafonings  have  not  been  very 
clear.  We  think  that  an  adequate  conception  of  the 
effentials  of  the  propofed  inftrument  may  be  acquired  by 
means  of  the  following  confiderations  : 
aoo  Furnifh  the  cover  of  an  eledtrophorus  with  a gra- 
duated eledtrometer,  which  indicates  the  proportional 
degrees  of  eleSricity ; eledtrify  it  pofitively  to  any  de- 
gree, fuppofe  fix,  while  held  in  the  hand,  at  fome  di- 
ftance,  right  over  a metal  plate  lying  on  a wine  glafs 
as  an  infulating  ftand,  but  communicating  with  the 
ground  by  a wire.  Bring  it  gradually  down  toward  the 
plate.  Theory  teaches,  and  we  know  it  by  experi- 
ment, that  the  eledlrometer  will  gradually  fubfide,  and 
perhaps  will  reach  to  2®  before  the  eledtricity  is  com- 
municated  in  a fpark.  Stop  it  before  this  happens.  In 
this  ftate  the  attradlion  of  the  lying  plate  produces  a 
compenfation  of  four  degrees  of  the  mutual  repuliion  of 
the  parts  of  the  cover,  by  conftipating  the  fluid  on  its 
under  furface,  and  forming  a deficient  ftratum  above. 
This  needs  no  farther  explanation  after  v/hat  has  been 
faid  on  the  charging  of  coated  glafs  plates.  Now  we 
can  fuppofe  that  the  efcape  of  the  fluid  from  this  body 
into  the  air  begins  as  foon  as  eledlrified  to  the  degree 
6,  and  that  it  will  fly  to  the  lying  plate  with  the  de- 
gree 2,  if  brought  nearer.  If  we  can  prevent  this 
communication  to  the  lying  plate,  by  interpofing  an 
\ eledtric,  we  may  eledtrify  the  cover  again,  while  fo  near 
\ the  metal  plate,  to  the  degree  6,  before  it  will  ftream 

\ off  into  the  air.  If  it  be  now  removed  from  the  lying 

1 plate,  the  fluid  would  raife  the  eledlrometer  to  10,  did 
\ it  not  immediately  ftream  off ; and  an  eledtric  excite- 
1 ment  of  any  kind  which  could  only  raife  this  body  to 
\ the  degree  6 by  its  intenfity,  will,  by  this  apparatus, 

\ raife  it  to  the  degree  10,  if  only  copious  enough  in  ex- 
\ tent.  If  we  do  the  fame  thing  when  the  wire  is  taken 
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away  which  connedls  the  lying  plate  with  the  ground, 
we  know  that  the  fame  diminution  of  the  eledtricity  of 
the  other  plate  cannot  be  produced  by  bringing  it  down 
into  the  neighbourhood  of  the  lying  plate  (fee  n®  134, 

See.  151,  &c.). 

Here  we  fee  the  whole  theory  of  Mr  Volta’s  conden-  Theory 
fer.  He  feems  to  have  obfeured  his  conceptions  of  it  thereof, 
by  having  his  thoughts  running  upon  the  eledtrophorus 
lately  invented  by  him,  and  is  led  into  fruitlefs  attempts 
to  explain  the  advantages  of  the  imperfedt  condudtor  a- 
bovethe perfedt infulator.  Buttheapparatusis altogether 
different  from  an  eledtrophorus,  and  is  more  analogous 
in  its  operations  to  a coated  plate  not  charged  nor  in- 
fulated  on  the  oppofite  fide  ; and  fuch  a coated  plate 
lying  on  a table  is  a complete  condenfer,  if  the  upper 
coating  be  of  the  fame  fize  with  the  plate  of  the  con- 
denfer. All  the  directions  given  by  Mr  Volta  for  the 
preparation  of  the  imperfedt  condudtors  fliew,  that  the 
effedl  produced  is  to  make  them  as  perfedl  condudtors 
as  poffible  for  any  degree  of  eledtricity  that  exceeds  a 
certain  frnall  intenfity,  but  fuch  as  fliall  not  fuffer  this 
very  weak  eledtricity  to  clear  the  firft  ftep  of  the  con- 
duit. The  marble  muft  be  thoroughly  dried,  and  even 
heated  in  an  oven,  and  either  ufed  in  this  warm  ftate, 
or  varniftied,  fo  as  to  prevent  the  reabforption  of  moif-  • 
tnre.  We  know  that  marble  of  flender  dimenfipns,  fo 
as  to  be  completely  dried  throughout,  will  not  condudt 
till  it  has  again  become  moift.  A thick  piece  of  marble 
is  rendered  fo,  fuperficially  only,  and  ftill  condudls  in- 
ternally. It  is  then  in  the  beft  poffible  ftate.  The 
fame  may  be  faid  of  dry  unbaked  wood.  Varnifliing 
the  upper  furface  of  a piece  of  marble  or  wood  is  equi- 
valent to  laying  a thin  glafs  plate  on  it.  Now  this  me- 
thod, or  covering  the  top  of  the  marble,  or  of  a book, 
or  even  the  table,  with  a piece  of  clean  dry  filk,  makes 
them  all  the  moft  perfedl  condenfators.  This  juft  view 
of  the  matter  has  great  advantages.  It  takes  away  the 
myfterious  indiftindtnefs  and  obfeurity  wliich  kept  the 
inftrument  a quackifh  tool,  incapable  of  improvement. 

We  can  now  make  one  incomparably  better  and  more 
Ample  than  any  propofed  by  the  very  Ingenious  inven- 
tor. We  need  only  the  fimple  moveable  plate.  Let 
this  be  varniflred  on  the  under  fide  with  a moderately 
thick  coat  of  the  pureft  and  hardeft  -ver/iis  de  Martin^ 
or  coach-painters  varnifli ; and  we  have  a complete  con- 
denfator  by  laying  this  on  a table.  If  it  be  connedled 
by  a wire  with  the  fubftance  in  which  the  weak  and 
imperceptible  eledtricity  is  excited,  it  will  be  raifed 
(provided  there  be  enough  of  it  of  that  fmall  intenfity) 
in  the  proportion  of  the  thicknefs  of  the  varnifli  to  the 
fourth  part  of  the  diameter  of  the  plate.  This  degree 
of  condenfation  will  be  procured  by  detaching  the  con- 
nedting  wire  from  the  infulating  handle  of  the  conden- 
fer, and  ihenraifing  the  condenfer  from  the  table.  It 
will  then  give  fparks,  though  the  original  eledtricity 
could  not  feniibly  affedt  a flaxen  fibre. 

It  muft  be  particularly  noted,  that  it  can  produce 
this  condenfation  only  when  there  is  fluid  to  condenfe  ; 
that  is,  only  when  the  weak  eleftricity  is  diffufH  over 
a greater  fpace  than  the  plate  of  the  condenfer.  In 
this  way  it  is  a moft  excellent  colledtor  of  the  weak  at- 
mofpheric  eledtricity,  and  of  all  diffufed  eledtricity.  But 
to  derive  the  fame  advantage  from  it  in  many  very  inte- 
rejling  cafes,  fuch  as  the  inquiry  into  the  eledtricity  ex- 
cited in  many  operations  of  Nature  on  fmall  quantities 
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Tif  matter,  we  muft  have  condenfers  of  various  fizes, 
fome  not  larger  than  a filver  penny.  To  conftrudl  thefe 
in  perfedtion,  we  muft  ufe  the  pnreft  and  hardeft  var- 
nifli,  of  a kind  not  apt  to  crack,  and  highly  coercive. 
This  requires  experiment  to  difcover  it.  Spirit  varnifties 
are  the  moft  coercive  ; but  by  their  difference  of  con- 
tradlion  by  cold  from  that  of  metals,  they  foon  appear 
frofty,  and  when  viewed  through  a lens,  they  appear  all 
Ihivered : They  are  then  ufelefs.  Oil  varnifties  have 
the  requisite  toughnefs,  but  are  much  inferior  in  coer- 
cion. We  have  found  amber  varnilh  inferior  to  copal 
varnifti  in  this  refpedt,  contrary  to  our  expedlation. 
On  the  whole,  we  fhould  prefer  the  fineft  coach-painters 
varnifti,  new  from  the  fhop,  into  which  a pencil  has  ne- 
ver been  dipped  : and  we  muft  be  particularly  careful 
to  clear  our  pencils  of  moifture  and  all  conducing  mat- 
ter, which  never  fails  to  taint  the  varnilh.  Wefcarcely 
need  remark,  that  the  coat  of  varnilh  on  thefe  fmall  con- 
denfers Ihould  be  very  thin,  otherwife  we  lofe  all  the 
advantage  of  their  fmallnefs. 

Mr  Cavallo  has  ingenioufly  improved  Volta’s  con- 
denfer  by  connefting  the  moveable  plate,  after  removal, 
with  a fmaller  condenfer.  The  effedl  of  this  is  evident 
from  n^  130.  But  the  fame  thing  would  have  been 
generally  obtained  by  ufing  the  fmall  condenfer  at  firft, 
or  by  ufing  a ftill  thinner  coat  of  varnifti. 

It  will  readily  occur  to  the  reader,  that  this  inftru- 
ment  is  not  inftantaneous  in  its  operation,  and  that  the 
application  muft  be  continued  for  fome  time,  in  order 
to  colledf  the  minute  eleftricity  which  may  be  excited 
in  the  operations  of  nature.  He  will  alfo  be  careful 
that  the  experiment  be  fo  condudled  that  no  ufelefs  ac- 
cumulation is  made  anywhere  elfe.  When  we  expeft 
elevfliicity  from  any  chemical  mixture,  it  never  fhould 
be  made  in  a glafs  veffel,  for  this  will  take  a charge, 
and  thus  may  abforb  the  whole  excited  eledricity,  ac- 
cumulating it  in  a neutral  or  infenfible  ftate.  Let  the 
mixture  be  made  in  veffels  of  a conducing  fubftance,  in- 
fulated  with  as  little  contaft  as  poffible  with  the  infula- 
ting  fupport ; for  here  will  alfo  be  fomething  like  a 
charge.  Sufpend  it  by  filk  threads,  or  let  it  reft  on 
the  tops  of  thiee  glafs  rods,  &c. 

After  this  account  of  the  Leyden  phial,  eledlropho- 
rus,  and  condenfer,  it  is  furely  unneceliary  to  employ 
any  time  in  explaining  Mr  Bennet’s  moft  ingenious  and 
ufeful  inftiument  called  the  doubler  of  ekdlriclty.  The 
explanation  offers  itfelf  fpontaneoufly  to  any  perfon  who 
underftands  what  has  been  faid  already.  Mr  Cavallo 
has  with  induftry  fearched  out  all  its  imperfeffions,  and 
has  done  fomething  to  remove  them,  by  feveral  very 
ingenious  conftruftians,  minutely  defcribed  in  his  Trea- 
tife  on  Eledlricity.  Mr  Bennet’s  original  inftrumcnt 
may  be  freed,  we  imagine,  as  far  as  feems  poffible,  by 
ufing  a plate  of  air  as  the  intermedium  between  the  three 
plates  of  the  doubler.  Stick  on  one  of  the  plates  three 
very  fmall  fpherules  made  from  a capillary  tube  of  glafs, 
or  from  a thread  of  fealing-wax.  The  other  plate  be- 
ing laid  on  them,  refts  on  mere  points,  and  can  fcarce- 
ly  receive  any  friction  which  will  difturb  the  experi- 
ment. Mr  Nicholfon’s  beautiful  mechanifm  for  expe- 
diting the  multiplication  has  the  inconveniency  of  bring- 
ing the  plates  towards  each  other  edgewife,  which  will 
bring  on  a fpark  or  communication  fooner  than  may 
be  defired  : but  this  is  no  inconvenience  whatever  in 
any  philofophical  refearch  j becaufe,  before  this  hap- 


pens, the  electricity  has  become  very  diftinguifliable  as 
to  its  kind,  and  the  degree  of  multiplication  is  little 
more  than  an  amufement.  The  fpark  may  even  ferve 
to  give  an  indication  of  the  original  intenfity,  by  means 
of  the  number  of  turns  neceffary  for  producing  it.  If 
the  fine  wires,  which  form  the  alternate  connexions  in 
fo  ingenious  a manner,  could  be  tipped  with  little  balls 
to  prevent  the  diffipation,  it  would  be  a great  improve- 
ment indeed.  An  alternate  motion,  like  that  of  a 
pump-handle,  might  be  adopted  with  advantage.  This 
would  allow  the  plates  to  approach  each  other  face  to 
face,  and  admit  a greater  multiplication,  if  thought  ne- 
ceffary. 204 

One  of  the  moft  remarkable  faXs  in  eleXricity  is  the  DlGipation 
rapid  diffipation  by  (harp  points,  and  the  impoffibility  of  eleXri- 
of  making  any  confiderable  accumulation  in  a body 
which  has  any  fuch,  projeXing  beyond  other  parts  of 
its  furface.  The  diffipation  is  attended  with  many  re- 
markable  circumftances,  which  have  greatly  the  appear- 
ance of  the  aXual  efcape  of  fome  material  fubftance. 

A ftream  of  wind  blows  from  fuch  a point,  and  quick- 
ly eleXrifies  the  air  of  a room  to  fuch  a degree,  that  an 
eleXrometer  in  the  fartheft  corner  of  the  room  is  affeX- 
ed  by  it.  This  diffipation  in  a dark  place  is,  in  many 
inftances,  accompanied  by  a bright  train  of  light  di- 
verging from  the  point  like  a firework.  Dr  Franklin 
therefore  was  very  anxious  to  reconcile  this  appearance 
with  his  theory  of  plus  and  minus  eleXricity,  but  does 
not  exprefs  himfelf  w’cll  fatisfied  wdth  any  explanation 
which  had  occurred  to  him.  From  the  beginning,  he 
faw  that  he  could  not  confider  the  ftream  of  wind  as  a 
proof  of  the  efeape  of  the  eleXric  fluid,  becaufe  the 
fame  ftream  is  obferved  to  iffue  from  a ftiarp  negative 
point ; which,  according  to  his  theory,  is  not  difperfing, 
but  abforbing  it.  Mr  Cavendifh  has,  in  our  opinion, 
given  the  firft  fatisfaXory  account  of  this  phenomenon. 

To  fee  this  in  its  full  force,  the  phenomenon  itfelf  205 
muft  be  carefully  obferved.  The  ftream  of  wind  is 
plainly  produced  by  the  efcape  of  fomething  from  the 
point  itfelf,  which  hurries  the  air  along  with  it ; and 
this  draws  along  with  it  a great  deal  of  the  furround- 
ing air,  efpecially  from  behind,  in  the  fame  manner  as 
the  very  flender  thread  of  air  from  a blow-pipe  hurries 
along  with  it  the  furrounding  air  and  flame  from  a con- 
fiderable furface  on  all  fides.  It  is  in  this  manner  that 
it  gathers  the  whole  of  a large  flame  into  one  mafs, 
and,  at  laft,  into  a very  point.  If  the  fmoke  of  a little 
rofin  thrown  on  a bit  of  live  coal  be  made  to  rife  quiet- 
ly round  a point  projeXing  from  an  eleXrified  body, 
continually  fupplied  from  an  eleXrical  machine,  the 
vortices  of  this  fmoke  may  be  obferved  to  curl  in  from 
all  fides,  along  the  wire,  forming  a current  of  which 
the  wire  is  the  axis,  and  it  goes  off  completely  by  the 
point.  But  if  the  wire  be  made  to  pafs  through  a 
cork  fixed  in  the  bottom  of  a wide  glafs  tube,  and  if 
its  point  projeX  not  beyond  the  mouth  of  the  tube, 
the  afflux  of  the  air  from  behind  is  prevented,  and  w^e 
have  no  ftream  ; but  if  the  cork  be  removed,  and  the 
wire  ftill  occupy  the  axis  of  the  tube,  but  without 
touching  the  fides,  we  have  the  ftream  very  diftinXly ; 
and  fmoke  which  rifes  round  the  far  end  of  the  tube  is 
drawn  into  it,  and  goes  off  at  the  point  of  the  wire. 

Now  it  is  of  importance  to  obferve,  that  whatever  pre- 
vents the  formation  of  this  ftream  of  wind  prevents 
the  diffipation  of  eleXricity  (for  we  ffiallnot  fay  efcape 
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of  eledlrlc  fluid)  from  the  point.  If  the  point  projed 
a quarter  of  an  inch  beyond  the  tube,  or  if  the  tube  be 
open  behind,  the  ftream  is  ftrong,  and  the  dilTipation  ib 
rapid,  that  even  a very  good  machine  is  not  able  to  raife 
a Henly’s  eledrometer,  ftanding  on  the  condudor,  a 
very  few  degrees.  If  the  tube  be  flipped  forward,  fo 
that  the  point  is  juft  even  with  its  mouth,  the  diffipation 
of  eledricity  is  next  to  nothing,  and  does  not  exceed 
what  might  be  produced  by  fuch  air  as  can  be  colleded 
by  a fuperficial  point.  If  the  tube  be  made  to  advance 
half  an  inch  beyond  the  point  which  it  furrounds,  the 
diffipation  becomes  infenfible.  All  thefe  fads  put  it 
beyond  a doubt  that  the  air  is  the  caufe,  or,  at  leaft, 
the  occafion  of  the  diffipation,  and  carries  the  eledri- 
city off  with  it,  in  this  manner  rendering  eledrical  the 
whole  air  of  a room.  The  problem  is  reduced  to  ex- 
plain hovv  the  air  contiguous  to  a (harp  eledrified  point 
is  eledrified  and  thrown  off. 

It  was  demonftrated  in  n°  130,  that  two  fpheres, 
conneded  by  an  infinitely  extended,  but  {lender  con- 
duding  canal,  are  in  eledrical  equilibrium,  if  their  fur- 
faces  contain  fluid  in  the  proportion  of  their  diameters. 
In  this  cafe,  the  fuperficial  denfity  of  the  fluid  and  its 
tendency  to  efcape  are  inverfely  as  the  diameters  (n° 
130).  Now  if,  in  imagination,  we  gradually  diminiffi 
the  diameter  of  one  of  the  fpheres,  the  tendency  to 
efcape  will  increafe  in  a greater  proportion  than  any 
that  we  can  name.  We  knov/,  that  when  the  prime  con- 
dudor of  a powerful  table-machine  has  a wire  of  a few 
inches  in  length  projeding  from  its  end,  and  termina- 
ting in  a ball  of  half  an  inch  in  diameter,  we  cannot 
eiedrify  it  beyond  a certain  degree  ; for  when  arrived  at 
this  degree,  the  eledricity  flies  off  in  fucceffive  burfts 
from  this  ball.  Being  much  more  overcharged  than  any 
other  part  of  the  body,  the  air  furrounding  the  ball  be- 
comes 'more  overcharged  by  communication,  and  is  re- 
pelled, and  its  place  fupplied  by  other  air,  not  fo  much 
overcharged,  which  furrounded  the  other  parts  of  the 
body,  and  is  prelfed  forwards  into  this  fpace  by  the  ge- 
neral repulfion  of  the  condudor  and  the  confining  pref- 
fure  of  the  atraofphere  ; otherwife,  being  alfo  overchar- 
ged, it  would  have  no  tendency  to  come  to  this  place. 
Half  a turn  of  the  cylinder  is  fufficient  to  accumulate 
to  a degree  fufficient  for  producing  one  of  thefe  explo- 
fions,  and  we  have  two  of  them  for  every  turn  of  the 
cylinder.  A point  may  be  compared  to  an  incompa- 
rably fmaller  ball.  The  conftipaiion  of  the  fluid,  and 
its  tendency  to  efcape,  muft  be  greater  in  the  fame  un- 
meafurable  proportion.  This  denfity  and  mutual  re- 
pulfion  cannot  be  diminiftied,  and  muft  even  be  increa- 
fed,  by  the  matter  of  the  wire  forming  a cone,  of  which 
the  point  is  the  apex  ; therefore,  if  there  were  no  other 
caufe,  we  muft  fee  that  it  is  almoft  impoffible  to  confine 
a coUedion  of  particles,  mutually  repelling,  and  confti- 
pated,  as  thefe  are  in  a fine  point. 

But  the  chief  caufe  feems  to  be  a certain  chemical 
union  which  Cakes  place  between  the  eledric  fluid  and 
a correfponding  ingredient  of  the  air.  In  this  ftate  of 
conflipation,  alrnoll  completely  furrounded  by  the  air, 
the  little  mafs  of  fluid  muft  attrad  and  be  attraded 
with  very  great  force,  and  more  readily  overcome  the 
force  which  keeps  the  eledrified  fluid  attached  to  the 
laft  feries  of  particles  of  the  wire.  It  unites  with  the 
air,  rendering  it  eledric  in  the  higheft  degree  of  redun- 
dancy. It  is  therefore  ftrongly  repelled  by  the  mafs  of 
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conftipated  fluid  which  fucceeds  it  within  the  point. 
Thus  is  the  eledrified  air  continually  thrown  off,  in  a 
ftate  of  eledrification,  that  muft  rapidly  diminifli  the 
eledricity  of  the  condudor.  Hence  the  uninterrupt- 
ed flow,  without  noife  or  much  light,  when  the  point  is 
made  very  fine.  When  the  point  is  blunt,  a little  ac- 
cumulation is  neceffary  before  it  attains  the  degree  ne- 
ceffary  for  even  this  minute  exploflon  ; but  this  is  foon 
done,  and  thefe  little  explofions  fucceed  each  other  ra- 
pidly, accompanied  by  a fputtering  noife,  and  trains 
of  bright  fparks.  The  noife  is  undoubtedly  owing  to 
the  atoms  of  the  highly  eledrified  fluid.  Thefe  are,  in 
all  probability,  rarefied  of  a fudden,  in  the  ad  of  eledri- 
fication, and  immediately  collapfe  again  in  the  ad  of 
chemical  union,  which  caufes  a fonorous  agitation  of 
the  air.  This  eledrified  air  is  thus  thrown  off,  and 
its  place  is  immediately  fupplied  by  air  from  behind,  not 
yet  eledrified,  and  therefne  ftrongly  drawn  forward  to 
the  point,  from  which  they  are  thrown  off  in  their 
turn.  This  rapid  expanfion  and  I'ubfequent  collapling 
of  the  air  is  verified  by  the  experiments  of  Mr  Kinner- 
fly,  related  by  Dr  Franklin,  and  is  feen  in  miniberlefs 
experiments  made  with  other  views  in  later  times,  and 
not  attended  to.  Perhaps  it  is  produced  by  the  great 
heat  which  accompanies,  or  is  generated  in  the  transfer- 
ence of  eledricity,  and  it  is  of  the  fame  kind  with  what 
occafions  the  burflisng  of  ftones,  fplitting  of  trees,  ex- 
ploding of  metals,  &c.  by  eledricity.  The  expanfion 
is  either  inconfiderable,  or  it  is  fucceffively  produced  in 
very  fmall  portions  of  the  fubftance  expanded  ; for  when 
metal  is  exploded  in  clofe  veffels,  or  under  water,  there 
is  but  a minute  portion  of  gazeous  matter  produced  ; 
and  in  the  diffipation  by  a very  fine  point,  fufficlently 
great  to  give  full  employment  to  a powerful  machine,, 
the  ftream  of  wind  is  but  very  faint,  and  nine-renths 
of  this  has  been  dragged  along  by  the  really  eledrified 
thread  of  wind  in  the  middle. 

From  a collation  of  all  the  appearances  of  eledricity,, 
we  muft  form  the  fame  conception  of  the  forces  which 
operate  round  a point  that  is  negatively  eledrified,  not 
difperfing,  but  drawing  in  eledric  fluid.  It  is  more 
completely  undercharged  than  any  other  part  of  a bo- 
dy, and  attrads  the  fluid  in  the  furrounding  air,  and  the 
air  in  which  it  is  retained,  with  incomparably  greater 
force.  It  therefore  deprives  the  contiguous  air  of  its 
fluid,  and  then  repels  it,  and  then  produces  a ftream 
like  the  overcharged  point. 

If  a conduding  body  be  brought  near  to  any  part 
of  an  overcharged  body,  the  fronting  part  of  the  firft 
is  rendered  undercharged  ; and  this  increafes  the  charge 
of  the  oppoftte  part  of  the  overcharged  body.  It  be- 
comes more  overcharged  in  that  part,  and  fooner  at- 
tains that  degree  of  conflipation  that  enables  the  fluid 
to  quit  the  fuperficial  feries  of  particles,  and  to  eiedrify 
ftrongly  the  contiguous  air.  The  exploflon  is  there- 
fore made  In  this  part  in  preference  to  any  other  ; and 
the  air  shus  exploded  is  ftrongly  attraded  by  the  front- 
ing part  of  the  other  body,  and  muft  fly  thitlier  in  pre- 
ference to  any  other  point.  If,  moreover,  the  fronting 
part  of  A be  prominent  or  pointed,  this  effed  will  be 
produced  in  a fuperior  degree;  and  the  current  of 
eledrified  air,  which  will  begin  very  early,  will  increafe 
this  difpofition  to  transference  in  this  way  by  rarefying 
the  air ; a change  whicli  the  w'hcle  courfe  of  eledric 
phenomena  ihews  to  be  highly  favourable  to  this  trans- 
ference, 
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Terence,  although  we  cannot  perhaps  form  any  ver) 
adequate  notion  how  it  contributes  to  this  eflfedt. 
This  feems  to  be  the  reafon  why  a great  explofion  and 
fnap,  with  a copious  transference  of  eledlricity,  is  ge- 
nerally preceded  by  a hiffing  noife  like  the  milling  of 
wind,  which  fwells  to  a maximum  in  the  loud  fnap 

308  If  two  prominences,  precifely  fimllar,  and  eledlrified 

in  the  contrary  way  to  the  fame  degree,  are  prefented 
to  each  other,  w^e  cannot  fay  from  which  the  current 
fhould  take  its  commencement,  or  whether  it  ftiould 
not  equally  begin  from  both,  and  a general  difperfion 
of  air  laterally  be  the  effedl  ; but  fuch  a fituation  is 
barely  poffible,  and  muft  be  infinitely  rare.  The  cur- 
rent will  begin  from  the  fide  w'hich  has  fome  fuperiority 
of  propelling  force.  ^Ve  are  difpofed  to  think  that  this 
current  of  material  eledlrified  fubftance  muft  fuffer  great 
change  during  its  paftage,  by  mixing  with  the  current 
in  an  oppofite  eleflrical  ftate  coming  from  the  other 
body.  Any  little  mafs  of  the  one  current  muft  ftrong- 
ly  attradl  a contiguous  mafs  of  the  other,  and  certain 
changes  fhould  furely  arife  from  this  mixture.  Thefe 
may,  in  their  turn,  make  a great  change  in  the  mecha- 
7iical  motions  of  the  air ; and,  inftead  of  producing  a 
quaqua  verfum  difperfion  of  air  from  between  the  bo- 
dies, as  fhould  refult  from  the  meeting  of  oppofite 
ftreams,  it  may  even  produce  a collapfing  of  the  air  by 
the  mutual  ftrong  attradlions  of  the  little  mafles.  Ma- 
ny valuable  experiments  offer  themfelves  to  the  curious 
inquirer.  Two  little  balls  may  be  thus  prefented  to 
each  other,  and  a fmoke  may  be  made  with  rofln  to  oc- 
cupy the  interval  between  them.  Motions  maybeob- 
ferved  which  have  certain  analogies  that  w'ould  afford 
ufeful  information  to  the  mechanical  inquirer.  There 
muft  be  fomething  of  this  mixture  of  currents  in  all  fuch 
transferences,  and  the  mo-ft  minute  differences  in  the 
condition  of  a little  parcel  of  the  air  may  greatly  affedt 
the  future  motions.  The  moft  promifing  form  of  fuch 
experiment  would  be  to  ufe  two  points  of  the  fame 
fubftance,  fhape,  and  fize,  and  eledlrified  to  the  fame 
209  degree  in  oppofite  fenfes. 

Charadter-  After  all  care  has  been  taken  to  Infure  fimilarity,  there 
iiHc  differ-  remains  one  effential  difference,  that  the  one  current  is  re- 
dundant  in  elefiric  Jluid,  and  the  other  dejitient.  This  dr- 
negative  cumftance  muji  produce  charadleriftic  differences  of  ap- 
clcdlricity.  pearance.  And  are  there  not  fuch  differences  ? Is  not 
the  pencil  and  the  ftar  of  light  a charadleriftic  difference  ? 
And  does  not  this  well-fupported  fadt  greatly  corrobo- 
rate the  opinion  of  Dr  Franklin,  that  the  eledlric  phe- 
nomena refult  from  the  redundancy  and  deficiency  of 
me  fubftance,  and  not  from  two  diftindl  fubftances  ope- 
rating in  a fimilar  manner  ? For  the  diftindlion  in  ap- 
pearance is  a mechanical  diftindlion.  Motion,  dlredlion, 
velocity,  are  perceivable  in  it.  Locomotive  forces  are 
concerned  in  it;  but  they  are  fo  implicated  with  forces 
which  probably  refemble  chemical  affinities,  hardly  ope- 
rating beyond  contadl,  that  to  extricate  their  effedls 
from  the  complicated  phenomenon  feems  a defperate 
problem.  There  is  fome  hitherto  inexplicable  chemical 
compofition  and  decompofition  taking  place  in  the 
transference  of  eledlricity.  Of  this  a numerous  train  of 
obfervations  made  fince  the  dawn  of  the  pneumatic  che- 
miftry  leaves  us  no  room  to  doubt.  The  emerfion  or 
produdlion  of  light  and  heat  is  a remarkable  fign  and 
proof.  Now'  this  takes  pkace  along  the  whole  path  of  trans- 


ference ; therefore  the  procefs  is  by  no  means  completed 
at  the  point  from  which  the  adlive  caufe  proceeds  ; and 
although  there  be  certain  appearances  that  are  pretty 
regular,  they  are  ftill  mixed  with  others  of  the  moft  ca- 
pricious anomaly.  The  zigzag  form  of  the  moft  con- 
denfed  fpark,  totally  unlike,  by  its  ftiarp  angles,  to  any 
motions  producible  by  accelerating  forces,  which  mo- 
tions are  without  exception,  curvilineal,  makes  us 
doubt  exceedingly  whether  the  luminous  lines  which  we 
obferve  are  fucceffive  appearances  of  the  fame  matter  in 
different  places,  or  whether  they  be  not  rather  fimulta- 
neous,  or  nearly  fimultaneous,  corufeations  of  different 
parcels  of  matter  in  different  places,  indicating  chemical 
compofitions  taking  place  almoft  at  once ; and  this  be- 
comes more  probable,  when  we  refledl  on  what  has  been 
faid  already  of  the  jumbling  of  oppofite  currents  ; fuch 
mixtures  fhould  be  expedted.  We  have  feen  a darted 
flafh  of  lightning  which  reached  (in  a diredlion  nearly 
parallel  to  the  horizon)  above  three  miles  from  right  to 
left ; and  it  feemed  to  us  to  he  co-exiflent ; we  could  not 
fay  at  which  end  it  began.  The  thunder  began  with 
a loud  crack,  and  continued  with  a moft  irregular 
rumbling  noife  about  15  feconds,  and  feemed  equal  on 
both  hands.  We  imagine  that  it  was  really  a fimulta- 
neous fnap,  in  the  whole  extent  of  the  fpark,  but  of 
different  ftrength  in  different  places ; different  portions 
of  the  fonorous  agitation  were  propagated  to  the  ear  in 
fucceffion  by  the  fonorous  undulations  of  air,  caufing 
it  to  Teem  a lengthened  found.  Such  would  be  the 
appearance  to  a perfon  Handing  at  one  end  of  a long 
line  of  foldiers  who  difeharge  their  firelocks  at  one  in- 
ftant.  It  will  feem  a running  fire,  of  different  ftrength 
in  different  parts  of  the  line,  if  the  mufkets  have  been 
unequally  loaded.  It  is  inconceivable  that  this  long 
zigzag  fpark  can  mark  the  track  of  an  individual  mafs 
of  eledrified  air.  The  velocity  and  momentum  would 
be  enormous,  and  would  fweep  off  every  thing  in  its 
way,  and  its  path  could  not  be  angular.  The  fame 
muft  be  afferted  of  the  ftreams  of  light  in  our  experi- 
ments. The  velocity  is  fo  unmeafurable  that  we  can- 
not tell  its  diredlion.  There  may  be  very  little  local  mo- 
tion, juft  as  in  the  propagation  of  found,  or  of  a wave 
on  the  furface  of  water.  That  particular  change  of 
mutual  fituation  among  the  adjoining  atoms  wffiich  oc- 
cafions  chemical  folution  or  precipitation  may  be  pro- 
duced in  an  inftant,  over  a great  extent,  as  we  know 
that  a parcel  of  iron  filings,  lying  at  random  on  the 
furface  of  qnickfilver,  will,  in  one  inftant,  be  arranged 
in  a certain  manner  by  the  mere  neighbourhood  of  a 
magnet.  Is  not  this  like  the  fimultaneous  precipitation 
of  water  along  the  whole  path  of  a difeharge  ? 

But  ftill  there  muft  be  fome  caufe  which  gives  thefe 
fimultaneous  corufeations  a fituation  with  refpedt  to 
each  other,  that  has  a certain  regularity.  Now  the  lu- 
minous trains  (for  they  are  not  uniform  lines  of  light) 
of  almoft  continuous  fparks  which  are  arranged  between 
a pofitive  and  a negative  point,  feem  to  us  to  indicate 
emanation  from  the  pofitive,  and  reception  by  the  ne- 
gative point.  The  general  line  has  a confiderable  re- 
femblance  to  the  path  of  a body  projecled  from  the  po- 
fitive point,  repelled  by  it,  and  attradted  by  the  nega- 
tive point.  This  will  appear  to  the  mechanician  on  a 
very  little  refledUon.  If  the  curve  were  completely  vi- 
fible,  it  would  fome  what  refemble  thofe  drawn  between 
P and  N in  fig.  35.  PABN  overpaffes  the  point  N, 

and 
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and  corftes  to  It  from  behind  ; P a ^ N lies  within  the 
other,  and  arrives  in  a direflion  nearly  perpendicular  to 
the  axis  ; P « BN  defcribes  a ftraightline,  and  arrives 
in  the  diredlion  PN.  As  the  chemical  compofit'on  ad- 
vances, the  light  is  difengaged  or  produced,  and  there- 
fore the  appearances  are  more  rare  as  we  advance  far- 
ther in  the  diredtion  in  which  they  are  produced  and 
there  would  perhaps  be  no  appearance  at  all  at  the 
point  where  the  motion  ends,  were  it  not  that  the  few 
remaining  parcels,  where  the  compofnions  or  decompo- 
fitions  have  not  been  completed,  are  crowded  together  at 
the  negative  point,  incomparably  more  than  in  any  other 
part  of  the  track.  We  think  that  thefe  confiderations 
offer  feme  explanation  of  the  appearance  of  the  pencil 
and  ftar,  which  are  fo  uniformly  charadteriftic  of  the 
pofitive  and  negative  eledlricities  : but  we  fee  many 
grounds  of  uncertainty  and  doubt,  and  offer  it  with 
due  diffidence. 

The  curious  figures  obferved  by  Mr  Lichtenberg, 
formed  by  the  dull  which  fettles  on  a line  drawn  on 
the  face  of  a mirror  by  the  pofitive  and  by  the  nega- 
tive knobs  of  a charged  jar,  are  alfo  uniformly  charac- 
teriftic  of  the  two  eledlricities.  Thefe  are  mechanical 
diftindllons,  indicating  certain  differences  of  accele- 
rating forces.  We  muff  refer  the  curious  reader  to 
Lichtenberg’s  Differtations  in  the  Gottengen  Comment 
tariffs ; to  the  Publication  of  the  Haerlem  Society  ; to 
the  Gotha  Magaxine  ; to  Differtations  by  Spath  at  Alt- 
dorff,  and  other  German  writers. 

It  only  remains  for  us  to  take  notice  of  the  general 
law's  of  the  diffipation  of  eledlricity  into  the  air,  and 
along  imperfedl  infulators.  On  this  fubjedl  we  have 
fome  valuable  experiments  of  Mr  Coulomb,  publiffied  in 
the  Memoirs  of  the  Academy  of  Sciences  of  Paris  for 
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Thefe  experiments  were  made  with  the  affiftance  of 
an  eledlrometer  of  a particular  conftrudtion,  which  (hall 
be  deferibed  under  the  article  Electrometer. 

The  general  refult  of  Mr  Coulomb’s  experiments 
was,  that  the  momentary  diffipation  of  moderate  de- 
grees of  eledliiclty  is  proportional  to  the  degree  of 
eledlricity  at  the  moment.  He  found  that  the  diffipa- 
tion is  not  fenfibly  affedled  by  the  ftate  of  the  baro- 
meter  or  thermometer ; nor  is  there  any  fenfiblc  dif- 
ference in  bodies  of  different  fixes  or  different  fubftances, 
or  even  different  figures,  provided  that  the  eledlricity 
is  very  weak. 

But  he  found  the  diffipation  greatly  affedled  by  the 
different  ftates  of  humidity  of  the  air.  Sauifure’s  hy- 
grometer has  its  fcale  diftindlly  related  to  the  quantity 
of  W'ater  diffolved  in  a cubic  foot  of  the  air.  The  fol- 
lowing little  table  ffiews  an  evident  relation  to  this  in 
the  diffipation  of  eledlricity  : 
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Hence  it  follows,  that  the  diffipation  is  very  nearly  in 
the  triplicate  ratio  of  the  moifiure  of  the  air.  Thus  if 
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we  have  m = 2,764. 


Hence,  at  a medium,  m — 3,40. 

We  fhould  have  obferved,  that  the  ingenious  author 
took  care  to  feparate  this  diffipation  by  immediate  con- 
tadl  with  the  air,  from  what  was  occafioned  by  the  im- 
perfedl infulation  afforded  by  the  fupports.  jjj 

It  mud  alfo  be  remarked  here,  that  the  immediate  Diminu- 
objedl  of  obfervation  in  the  experiments  is  the  diminu 
tion  of  repulfion.  is  found  to  be,  in  any  given 

ftate  of  the  air,  a certain  proportion  of  the  whole  re-  |.j.g 
pulfion  at  the  moment  of  diminution  : but  this  is  double  tion. 
of  the  proportion  of  the  denfity  of  the  eledlric  fluid ; 
for  it  muft  be  recolledled,  that  the  repulfions  by  which 
w'e  judge  of  the  diffipation  are  mutual,  exerted  by  every 
particle  of  fluid  in  the  ball  t of  Coulomb’s  eledlrometer, 
on  every  particle  in  the  ball  a.  It  is  therefore  propor- 
tional to  the  eledlric  denfity  of  each  ; and  therefore,  du- 
ringthe  wholediffipation,  the  denfities  retain  their  primi- 
tive proportion  ; therefore,  the  diminution  of  the  repnl- 
fion  being  as  the  diminution  of  the  produdts  of  the  denfi- 
ties,  it  is  as  the  diminution  of  the  fquares  of  either.  If 
therefore  the  denfity  be  reprefented  by  d,  the  mutual  re- 
pulfion is  reprefentable  by  c/*,  and  its  momentary  dimi- 
nution by  the  fluxion  of  ; that  is,  by  2 d d,  or  2 'xd. 

Now  2 Jx ^ is  to  as  2 d \sXo  d \ and  therefore  the  di- 
minutionof  repulfion  obferved  incur  experiment  bears  to 
the  whole  repulfion  twice  as  great  a proportion  as  the 
diminution  of  denfity,  or  the  quantity  of  fluid  diffipated, 
bears  to  the  w'hole  quantity  at  the  moment.  For  ex- 
ample, if  we  obferve  the  repulfion  diminiffied 
conclude  that  fs  of  the  fluid  has  efcaped. 

Mr  Coulomb  has  not  examined  the  proportion 
tween  the  diffii>ations  from  bodies  of  different  fixes, 
great  and  a fmall  fphere,  communicating  by  a very 
long  canal,  have  fuperficial  denfities,  and  tendencies  to 
efcape,  inverfely  proportional  to  the  diameters.  A body 
of  twice  the  diameter  has  four  times  the  furface;  and 
though  the  tendency  to  efcape  be  twice  as  fmall,  the 
furface  is  four  times  as  great.  Perhaps  the  greater  fur- 
face  may  compenfate  for  the  fmaller  denfity,  and  the 
quantity  ©f  fluid  adually  gone  off  may  be  greater  in  a 
large  fphere.  This  may  be  made  the  fubjetft  of  trial. 

It  muft  be  kept  in  mind,  that  the  law  of  diffipation  Diffipation 
afeertained  by  thefe  e'^periments,  relates  to  one  given  depends  oh 
ftate  of  the  air,  and  that  it  does  not  follow  that  in  ^ 
another  ftate,  containing  perhaps  the  fame  quantity  of 
water,  the  diffipation  fliall  be  the  fame.  The  air  is  fuch 
a heterogeneous  and  variable  compound,  that  it  may 
have  very  different  affinities  with  the  eleJlrlc  fluid.  Mr 
Coulomb  thought  that  he  fhould  infer  from  his  nume- 
rous experiments,  that  the  diffipation  did  not  increafe  in 
the  ratio  of  the  cube  of  the  water  diifolved  in  the  air, 
unlefs  it  was  nearly  as  much  as  it  could  diffolve  in  that 
temperature.  This  indeed  is  confoimable  to  general 
obfervation  : for  air  is  thought  dry  when  it  dries  quick- 
ly any  thing  expofed  to  it  ; that  is,  when  not  nearly  fa- 
turated  with  moifture.  Now  it  is  w’ell  known,  that  what 
is  thought  dry  air,  is  favourable  to  eledlricity.  . 

The  diffipation  along  imperfedl  infulators  is  brought 
about  in  a way  fomewhat  different  from  the  manner  of 
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Its  efcaping  by  ele(flrifylng  the  contiguous  air  and  go- 
ing off  with  it.  It  feems  to  be  chiefly,  if  not  folely, 
along  the  furface  of  the  infulating  fupport  that  the  elec- 
tricity is  diffufed,  and  that  the  diffufion  is  produced 
there  chiefly  by  the  moifture  which  adheres  to  it.  It 
is  not  very  eai'y  to  form  a clear  notion  of  the  manner, 
but  Mr  Coulomb’s  explanation  feems  as  fatisfaiflory  as 
any  we  have  feen. 

Water  adheres  to  all  bodies,  (licking  to  their  fur- 
faces.  This  adhefion  prevents  it  from  going  off  when 
eledtrified  ; and  it  is  therefore  fufceptible  of  a higher 
degree  of  eledlrification.  If  we  fuppofe  that  the  particles 
of  moifture  are  uniformly  difpofed  along  the  furface, 
leaving  (paces  between  them,  the  electricity  communica- 
ted to  one  particle  muft  attain  a certain  denfity  before  it 
can  fly  acrols  the  infulating  interval  to  the  next.  There- 
fore, when  fuch  an  imperfedt  condudtor  is  eledlrified  at 
one  end,  the  eledlricity,  in  paffing  to  the  other,  will  be 
weakenedat  every  ftep.  If  we  take  three  adjacentparticles 
a,  b,  c,  of  this  conducting  matter,  we  learn,  from  n°  105, 
that  the  motion  of  b is  lenftbly  affedted  only  by  the  dif- 
ference of  a and  r ; and  therefore  that  the  palTage  of  elec- 
tricity from  b ioc  requires  that  this  difference  be  fuperior 
or  equal  to  the  force  neceffary  for  clearing  this  coercive 
interval.  Let  a particle  pafs  over.  The  eledtric  den- 
fity of  the  particle  b of  condudting  matter  is  diminifhed, 
while  the  denfity  of  the  particle  on  the  other  lide  of  a re- 
mains as  before.  Therefore  fome  will  pals  from  a to  h,  and 
from  theparticle  preceding^  to  a;  and  fo  on, till  W'e  come 
to  the  eledlrified  end  of  this  imperfedt  infulator.  It  is 
plain  from  this  conlideration,  that  we  muft  arrive  atlaft 
at  a particle  beyond  c,  where  the  whole  repulfion  of  the 
preceding  particle  is  juft  fufficient  to  clear  this  interval. 
Some  will  come  over,  whofe  repulfion,  now  adling  in  the 
oppofite  diredlion,  will  hinder  any  fluid  from  fupplying 
its  place  in  the  particle  which  it  has  quitted.  Here  the 
transference  will  (lop,  and  beyond  this  the  infulatlon  is 
complete.  There  is  therefore  a mathematical  relation 
between  the  infulating  power,  and  the  length  of  the  ca- 
nal, which  may  be  afeertained  by  our  theory  ; and  thus 
another  opportunity  obtained  for  comparing  it  wfith  ob- 
fervation.  That  this  inveftigation  may  be  as  Ample  as 
poflible,  vve  may  take  a very  probable  cafe,  namely, 
where  the  infulating,  or,  to  name  it  more  graphically, 
the  coercive  interval  is  equal  in  every  part  of  the  canal. 

Let  R be  the  coercive  power  of  the  infulator ; that 
is,  let  R be  the  force  neceffary  for  clearing  the  coercive 
interval.  Let  a ball  C (fig.  36}  be  fufpended  by  a filk 
thread  AB,  and  let  C reprefent  the  quantity  of  its  re- 
dundant fluid  ; and  let  the  denfity  in  the  different  points 
of  the  canal  be  as  the  ordinates  AD,  P d.  See.  of  fome 
curve  line  D B,  which  cuts  the  axis  in  B where  the 
thread  begins  to  infulate  completely.  Let  Fp  bean 
element  of  the  axis.  Draw  the  ordinate  ^5  f,  the  tan- 
gent d fF,  and  the  normal  d E,  and  / e perpendicular 
to  P d.  Let  AC  be  = r,  AP  ~ x,  F dzz  y.  Then 

F p — X,  and  d e z=.  — y.  We  have  feen,  that  the 
only  fenfible  aflion  on  the  panicle  of  fluid  in  P is  — 

3 y 

~~  (fee  n®  105),  when  the  adtion  of  the  redundant  fluid 

■ X , 

in  the  globe  on  the  particle  P having  the  denflty  is 

reprefented  by  - — Therefore  we  have  = 

R,  the  coercive  power  of  the  thread.  This  is  fuppo- 


fed  to  be  conffant. 


Therefore  ^ ^ is  equal  to 


P/> 

fome  conftant  line  R.  But  P/»,  ox  f e •.  d e —F  dx 
PE.  Therefore  the  fubnormal  PE  is  a conffant  line. 
But  this  is  the  property  of  the  parabola  alone  ; and  the 
curve  of  denfity  D J B is  a parabola,  of  wLich  the  pa- 
rameter is  2 PE,  or  2 R. 

Cor.  I.  The  denfities  in  different  points  of  an  im- 
perfedt infulator,  are  as  the  fquare  roots  of  their  diftance 
from  the  point  of  complete  infulaiion : For  P d^ : AD* 
BP  : BA. 

2.  The  length  of  canal  required  for  infulat'ng  dif- 
ferent denfities  of  eledlricity  are  as  the  fquare-  of  the 

AD* 

denfities.  For  AB  = — — ; and  PE  has  been  (hewn 

2 PE 

to  be  a conftant  quantity.  Indeed  we  fee  in  the  de- 
monftration,  that  BP  would  infulate  a ball,  w’hofe  elec- 
tric denfity  is  P d,  and  BA  ; BP  = AD*  xF  d’'. 

3.  The  length  neceffary  for  infiilation  is  inverfely  as 
the  coercive  force  of  the  canal,  and  may  be  reprefented 

D*  DA*  D* 

generally  by--.  For  AB  is  = — ^ =: 

Cv  2>  -L  2 IV 

Mr  Coulomb  has  verified  thefe  conclufions  by  a very 
fatisfadlory  feries  of  experiments,  by  the  aftfillance  of 
his  delicate  eledlrometer,  which  is  admirably  fuited  for 
this  trial.  The  fubjedl  is  fo  interefting  to  every  zea- 
lous ftudent  of  eledlricity,  that  Mr  Canton,  Dr  B.  Wil- 
fon,  Mr  Waitz,  Wilcke,  and  others,  have  made  experi- 
ments for  eftablifhing  fome  meafure  of  the  condudting 
powers  of  different  fubftances.  It  was  one  of  the  fir  ft 
things  that  made  the  w'riter  of  this  article  fuppofe  that 
eledlric  adlion  was  in  the  inverfe  duplicate  ratio  of  the 
diftances  : for,  as  early  as  1763,  he  had  found,  that 
the  lengths  of  capillary  tubes  neceffary  for  infulation 
were  as  the  fquares  of  the  repulfions  of  the  ball  which 
they  infulated.  The  mode  of  reafoning  offers  of  itfelf, 
and  the  fluxionary  expreflion  of  the  infulating  power, 

. dd  . . I 

viz — led  immediately  to  a force  proportional 

X 

Numerous  experiments  were  made,  which  we  do  not 
give  here,  becaufe  the  public  are  already  poffeffed  of 
thofe  of  Mr  Coulomb. 

This  difeuffion  explains,  in  a fatisfadlory  manner,  the 
operation  of  the  condenfer,  as  deferibed  by  Mr  Volta. 
The  W'eak  degrees  of  eledlricity,  which  are  rendered 
fufficiently  fenfible  by  the  infulation  of  the  plate  of  dry 
marble,  are  completely  infulated  by  the  perhaps  thin 
ftratum  that  has  been  fufficiently  dried,  while  the  reft 
condudls  with  an  efficacy  fuflicient  for  permitting  the 
accumulation, 

"When  w'e  refledl  on  the  theory  now  delivered,  we 
fee  that  the  formulse  determine  the  diftribution  of  the 
fluid  along  an  imperfedl  condudlor  in  a certain  manner, 
on  the  fuppofition  that  a certain  determinate  defe  has 
been  imparted  to  the  ball : Becaufe  this  dofe,  by  dif- 
fufing  itfelf  from  particle  to  particle  of  the  condudting 
matter,  will  diffule  itfelf  all  the  way  to  B,  in  fuch  a 
manner  that  the  repulfion  fliall  everywhere  be  in  equili- 
brio  with  the  maximum  of  the  coercive  force  of  tlie  in- 
fulating interval.  But  it  muft  be  farther  noticed,  that 
this  refiftence  is  not  aSive^  but  coercitive,  and  we  may 
compare  it  to  fridtion  or  vilcidity.  Any  repulfion  of 
eledlric  fluid,  which  falls  fliort  of  this,  will  not  difturb 
the  ftability  of  the  fluid  fpread  along  the  canal,  accord- 
ing 
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ing  to  any  law  whatever.  So  that  if  AD  reprefent 
the  elediric  denfity  of  the  globe,  and  remain  conftant, 

any  curve  of  denfity  will  anfwer,  if^  be  everywhere 

X 

lefs  than  R.  It  is  therefore  an  indeterminate  problem  to 
affign,  in  general,  the  difpofition  of  fluid  in  the  canal. 
The  denfity  is  as  the  ordinates  of  a parabola  only  on 
the  fuppofition  that  the  maximum  of  R is  everywhere 
the  fame.  And,  in  this  cafe,  the  diftance  AB  is  a 
minimum  : for,  in  other  cafes  of  denfity,  we  muft  have 

^ lefs  than  R.  If,  therefore,  we  vary  a Angle  ele- 

X 

ment  of  the  curve  T>  d B,  in  order  that  the  (lability  of 
the  fluid  may  not  be  difturbed,  having  d conftant,  we 

(id 

muft  neceflarily  have  x larger,  that—  may  ftili  be  lefs 

X 

than  R ; that  is,  v.'e  muft  lengthen  the  axis. 

We  fee  alfo,  that  to  afcertain  the  diftribution  in  a 
conduifling  canal  is  a determinate  problem ; whereas,  in 
imperfedl  conduiftors,  it  is  indeterminate,  but  limited 
by  the  ftate  of  the  fluid,  when  it  is  fo  difpofed  that  in 
every  point  the  action  of  the  fluid  is  in  equilibrio  with 
the  maximum  of  refiftance.  This  confideration  will  be 
applied  to  a valuable  purpofe  in  the  article  Magnetism. 

This  dodlrine  gives,  in  our  opinion,  a very  fatisfac- 
tory  explanation  of  the  curious  obfervations  of  Mr 
Brookes  and  Mr  Cuthbertfon,  mentioned  in  n°  167. 
namely,  that  damping  the  infide  of  a coated  jar  dimi- 
nifhes  the  rifk  of  explofion,  and  enables  it  to  hold  a 
higher  charge.  We  learn  here,  that  there  is  no  den- 
fity fo  great  but  that  the  lead  imperfect  conductor 
will  infulate  it,  if  long  enough  ; and  that  the  coercive 
quality  of  an  imperfedl  conduftor  may  be  conceived  fo 
conftituted  from  A towards  B,  that  the  denfities  fhall 
diminifh  in  any  ratio  that  we  pleafe,  fo  that  the  varia- 
tion of  denfity  (the  caufe  of  motion)  may  everywhere, 
even  to  the  infulating  point  B,  be  very  fmall.  How- 
ever great  the  conftipatiou  at  the  edge  of  the  metallic 
coating  may  be,  an  imperfed  conductor  may  be  conti- 
nued outward  from  that  edge,  and  may  be  fo  conftitu- 
ted, that  the  conftipation  fhall  diminifh  by  fuch  gentle 
gradations,  that  an  explofion  fhall  be  impoffible.  An 
uniform  dampnefs  will  not  do  this,  but  it  will  dimi- 
nifh the  abruptnefs  of  the  variation  of  denfity.  The 
ftate  of  denfity  beyond  the  edge  of  the  coating  of  a 
charged  jar,  very  clean  and  dry,  may  be  reprefented  by 
the  parabolic  arch  D i a.  This  may  be  changed  by 
damping,  or  properly  dirtying  (to  ufe  Mr  Brookes’s 
phrafe),  to  DyB  ; which  is  evidently  preferable.  We 
think  it  by  no  means  difficult  to  contrive  fuch  a conti- 
nuation of  imperfecftiy  conducing  coating.  Thus,  if 
gold  leaf  can  be  ground  to  an  impalpable  powder,  it 
may  be  mixed  with  an  oil  varnifh  in  various  proportions. 
Zones  of  this  gold  varnifh  may  be  drawn  parallel  to 
the  edge  of  the  coating,  decreafing  in  metal  as  they  re- 
cede from  the  edge.  By  fuch  contrivances  it  may  be 
poflible  to  increafe  the  retentive  power  to  a great 
degree. 

This  doctrine  farther  teaches  us,  that  many  precau- 
tions muft  be  taken  when  we  are  making  experiments 
from  which  meafures  are  to  be  deduced  ; and  it  points 
them  out  to  the  mathematician.  In  particular,  when 
bodies,  fupported  by  infulators,  are  eledrified  to  a high 


degree,  the  fupports  may  receive  a quantity  of  fluid, 
which  may  greatly  difturb  the  refults  j and  this  quan- 
tity,  by  exerting  but  a weak  adlion  on  the  parts  of 
the  canal,  may  continue  for  a very  long  time,  and  not 
be  removed  but  with  great  difficulty.  In  fuch  cafes, 
it  will  be  neceftary  to  ufe  new  fupports  in  every  expe- 
riment. Not  knowing,  or  not  attending  to  this  cir- 
cumftance,  many  erroneous  opinions  have  been  formed 
in  fome  delicate  departments  of  eledlrical  refearch. 

Mr  Coulomb’s  experiments  on  this  fubjecft  are  chiefly 
valuble  for  having  ftated  the  relation  between  the  in- 
tenfity  of  the  eledlricity,  or,  as  he  expreffes  it,  the  elec- 
tric denfity,  and  the  lengths  of  fupport  neceffary  for 
the  complete  infulation.  But,  as  the  abfolute  intenfi- 
ties  have  all  been  meaftired  by  his  eleffrometer,  and  he 
has  not  given  its  particular  fcale,  we  cannot  make  much 
ufe  of  them  till  this  be  done  by  fome  eleiftrician.  224 

Mr  Coulomb  found,  that  a thread  of  gum  lac  was  Infulating 
the  moft  perfect  of  all  infulators,  and  is  not  lefs  than  powers  of 
ten  times  better  than  a filk  thread  as  dry  as  it  can  be 
made,  if  we  meafure  its  excellence  by  its  fhortnefs.  In  ^ ancet. 

a confiderable  number  of  experiments,  he  found  that  a 
thread  of  gum  lac,  of  1,5  inches  long,  infulated  as  well 
as  a fine  filk  thread  of  15  inches.  When  the  thread 
of  filk  was  dipped  in  fine  feaiing-wax,  it  was  equal  to 
the  pure  lac,  if  fix  inches  long,  or  four  times  its  length. 

If  we  meafure  their  excellence  by  the  intenfities  with 
which  they  infulate,  lac  is  three  times  better  than  the  dry 
thread,  and  twice  as  good  as  the  thread  dipped  in  feai- 
ing-wax ; fo  that  a fibre  of  filk,  even  when  included  in 
the  lac,  diminifhes  its  infulating  power.  We  alfo  learn, 
that  the  ditlipation  along  thefe  fubftances  is  not  entirely 
owing  to  moifture  condenfed  or  adherent  on  their  fur- 
faces,  but  to  a fmall  degree  of  conducing  power.  We 
have  repeated  many  of  thefe  experiments,  and  find  that 
the  conducting  power  of  filk  thread  depends  greatly  on 
its  colour.  When  of  a brilliant  white,  or  if  black,  its 
conducing  power  feerns  to  be  the  greateft,  and  a high 
golden  yellow,  or  a nut  brown,  feemed  to  be  the  befl 
infulators ; doubtlefs  the  dyeing  drug  is  as  much  con- 
cerned as  the  fibre. 

Glafs,  even  in  its  dryeft  ftate,  and  in  fituations  where 
moifture  could  have  no  accefs  to  it,  viz.  in  veffels  con- 
taining cauftic  alkali  dried  by  red  heat,  or  holding 
frefli  made  quicklime,  appeared  in  our  experiments  to 
be  confiderably  better  than  filk;  and  where  drawn  in- 
to a (lender  thread,  and  covered  with  gum  lac  (melted), 
infulated  when  three  times  the  length  of  a thread  of  lac; 
but  we  found  at  the  fame  time,  that  extreme  finenefs 
w’as  neceftary,  and  that  it  diffipated  in  proportion  to 
the  fquare  of  its  diameter.  It  was  remarkably  hurt  by 
having  a bore,  however  fine,  unlefs  the  bore  could  alfo 
be  coated  with  lac.  Human  hair,  when  completely 
freed  from  every  thing  that  v/ater  could  wafli  out  of  it, 
and  then  dried  by  lime,  and  coated  vn’ch  lac,  was  equal 
to  filk.  Fir,  and  cedar,  and  larch,  and  the  rofe-tree, 
when  fplit  into  filaments,  and  firft  dried  by  lime,  and 
afterwards  baked  in  an  oven  which  juft  made  paper  be- 
come faintly  brown,  feemed  hardly  inferior  to  gum  lac. 

The  vuhite  vjoods,  as  they  are  called,  and  mahogany, 
were  much  inferior.  Fir  baked,  and  coated  with  melt- 
ed lac,  feems  therefore  the  beft  fupport  when  ftrength 
is  required.  The  lac  may  be  rendered  lefs  brittle  by  a 
minute  portion  of  pure  turpentine,  which  has  been 
cleared  of  water  by  a little  boiling,  without  fenfibly  in- 

4 U z creafing 
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elect 

creafing  its  condufiing  power.  Lac,  or  fealing-wax, 
diffolved  in  fpirits,  is  far  inferior  to  its  liquid  ftate  by 

Thefe  obfervations  may  be  of  ufe  for  the  conftruc- 
tion  of  eledf ical  machines  of  other  eleitrics  than  glafs. 


R I C I T Y. 

fedts  of  fire  by  elaftic  undulations  of  the  integrant  par- 
ticles of  tangible  matter. 

We  hare  feen  nothing,  however,  of  this  kind  that  Requifites 
appears  to  give  any  explanation  of  the  motions,  pref-  ^ 
fures,  and  other  mechanical  appearances  of  eledricity. 

We  peremptorily  require,  that  every  dodrine  which 
claims  the  name  of  an  explanation,  fhall  be  perfedly 


General  re-  - V/e  have  now  given  a comparifcn  of  the  hypothefis 
iledions  ^pinus  with  the  chiet  fads  obferved  in  elec- 

tricity, diverfified  by  every  circumftance  that  feemed 
likely  to  influence  the  refult,  or  v/hich  is  of  importance 
to  be  known.  We  truft  that  the  reader  will  agree 
with  us  in  fiiying  that  the  agreement  is  as  complete  as 
can  be  expeded  in  a theory  of  this  kind  ; and  that  the 
application  not  only  feems  to  explain  the  phenomena, 
but  is  pradically  ufeful  for  direding  us  to  the  proce- 
dures which  are  likely  to  produce  the  effed  we  wifli. 
Thus,  fliould  our  phyfiological  opinions  fuggeft  that  co- 
pious transference  of  fluid  Is  proper,  our  hypothefis 
points  out  the  mod  effedual  and  the  mod  convenient 
methods  for  producing  It.  We  learn  hov/  to  condipate 
the  fluid  in  a quiefcent  date,  or  how  to  abdrad  as 
much  of  it  as  poifible  from  any  part  of  a patient ; we 
can  do  this  even  in  the  internal  parts  of  the  body.  We 
had  once  an  opportunity  of  feeing  what  we  thought 
the  cure  of  a paralyfis  of  the  gullet.  Eledricity  was 
tried,  fird  in  the  way  of  fparks,  and  then  fmall  fliocks 
taken  acrofs  the  trachea.  Thefe  could  not  be  tolerated 
by  the  patient.  The  furgeon  wllhed  to  give  a fhock 
to  the  cefophagus  without  affeding  the  trachea.  We 
recommended  a leaden  pidol  bullet  at  the  end  of  a 
drong  wire,  the  whole  dipped  in  melted  fealing-wax. 
This  was  introduced  a little  way,  we  think  not  more 
than  three  inches,  into  the  gullet,  which  the  palfy  per- 
mitted. A very  flight  charge  was  given  to  it  in  a few 
fcconds ; and  the  fird  fliock  produced  a convulfion  in 
the  mufcle,  and  the  fecond  removed  the  diforder  com- 
pletely. Here  the  ball  formed  the  inner,  and  the  gul- 
let the  outer,  coating  of  the  little  Leyden  phial. 

The  theory  Notwithdanding  the  flattering  tedlmony  given  by 
of  iEpinus  the  great  conformity  of  this  doilrine  with  the  pheno- 
is  only  a ^^ena,  we  dill  choofe  to  prefent  it  under  the  title  of  a 
hypothcfxs.  hypothefis.  We  have  never  feen  the  eleflric  fluid  in  a 
feparate  date  ; nor  have  we  been  able  to  fay  in  what 
cafes  It  abounds,  or  when  it  is  deficient.  After  what 
we  have  feen  in  the  late  experiments  of  that  philanthro- 
pic philofopher  Count  Rumford  on  the  produftion  of 
heat  by  friidion,  we  think  that  we  cannot  be  too  cau- 
tious on  what  grounds  we  admit  invifible  agents  to  per- 
form  the  operations  of  Nature.  We  think  that  all  mud 
acknowledge  that  thofe  experiments  tend  very  much 
to  dagger  our  belief  in  the  exidence  of  a fluid  fui  gene- 
t’s, a fire,  heat,  caloric,  or  what  we  pleafe  to  call  it ; 
and  all  will  acknowledge,  that  no  better  proofs  can  be 
urged  for  the  exidence  of  an  eleflric  fluid. 

Accordingly,  many  acute  and  ingenious  perfons  have 
rejefted  the  not'on  of  the  exidence  of  an  eledric  fluid, 
and  have  attempted  to  fhew  that  the  phenomena  pro- 
ceed, not  from  the  prefence  of  a peculiar  fuhjiance,  but 
from  peculiar  modes  ; as  we  know  that  found,  and  fome 
concomitant  motions  and  other  mechanical  appearan- 
ces, are  the  refults  of  the  eladic  undulations  of  air  ; 
and  as  Lord  Bacon  and  others  have  explained  the  ef- 
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confident  with  the  acknowledged  laws  of  mechanifm  ; 
and  that  the  explanation  fliall  confid  in  pointing  out 
thofe  mechanical  laws  of  which  the  fadts  in  eledlricity 
are  particular  indances.  It  Is  no  difficult  matter  to  pre- 
fent an  intricate  or  complex  phenomenon  to  our  view, 
in  fuch  a form,  that  it  fhall  have  fome  refemblancc  to 
fome  other  complex  phyfical  fadt,  more  familiar,  per- 
haps, but  not  better  underdood.  The  fpecious  appear- 
ance of  fimilarity,  and  the  more  familiar  acquaintance 
with  the  other  phenomenon,  difpofe  us  to  conflder  the 
comparifon  as  a fort  of  explanation,  or,  at  lead,  an  il- 
ludration,  and  to  have  a fort  of  indolent  acquiefeenee 
in  it  as  a theory. 

But  this  will  not  do  in  the  prefent  quedion  : For  we 
have  here  feledled  a particular  circumftance,  the  obferv- 
ed motions  occafioned  by  eledlrlcity,  and  called  attrac- 
tions and  repuljwns — a circumdance  which  admits  of  the 
mofl;  accurate  examination  and  comparifon  with  any 
explanation  that  is  attempted.  In  fuch  a cafe,  a vague 
pi(dure  would  fpcedily  vanifh  into  air,  and  prove  to  be 
nothing  but  figurative  expreflions. 

Many  philofophers,  and  among  them  fome  refpedl-  No  advan- 
able  mathematicians,  have  fupported  the  dodtrine  of  tafeeisgain- 
Du  Fay,  Symmer,  Cigna,  &c.  who  employ  two  fluids 
as  agents  in  all  eledtrical  operations.  It  mud  be  grant- 
ed  that  there  are  fome  appearances,  where  the  explana-  fluids- 
tion  by  means  of  two  fluids  feems,  at  fird  fight,  more 
palpable  and  eafier  conceived.  But  whenever  we  at- 
tempt to  obtain  meafures,  and  to  fay  what  will  be  the 
precife  kind  and  degree  of  the  adtion,  we  find  ourfelves 
obliged  to  aflign  to  the  particles  of  thofe  fluids  adlua- 
ting  mechanical  forces  precifely  equivalent  to  thofe  af- 
flgned  by  iEpinus  to  his  Angle  fluid.  Then  we  have 
to  add  fome  myderious  unexplained  connedfions,  both 
with  each  other  and  with  the  other  particles  of  tangible 
matter.  If  we  except  Mr  Prevod,  in  his  EJfai  fur  les 
Forces  Magnetiques  et  EleElriques,  we  do  not  recolledl 
an  author  who  has  ventured  to  fubjedt  his  fyftem  to 
dridl  examination,  by  pointing  out  to  us  the  laws  of 
adllon  according  to  which  he  conceives  the  particles 
influence  each  other.  We  fhall  have  a proper  oppor- 
tunity, in  the  article  Magnetism,  to  give  this  au- 
thor’s theory  the  attention  it  really  merits.  We  ven- 
ture to  fay,  that  all  the  chemical  theories  of  eleflriclty 
labour  under  thefe  inconveniences,  and  have  acquired 
their  influence  merely  from  the  inattention  of  their  par- 
tifans  to  the  laws  of  mechanical  motion,  and  require,  in 
order  to  reconcile  them  with  thofe  laws,  the  adoption 
of  powers  fimilar  to  iEpinus’s  attradlions  and  repul- 
fions.  Slight  refemblances  to  phenomena,  which  fland 
equally  in  need  of  explanation,  have  contented  the  par- 
tisans of  fuch  theories,  and  figurative  language  and 
metaphorical  conceptions  have  taken  place  of  precife 
difcufflon.  It  would  be  endlefs  to  examine  them  all.  227 

The  mod  fpecious  of  any  that  we  know  was  pub-  Hypothefis 
licly  read  in  the  univerfity  of  Edinburgh  by  the  late  ofProfefibjr 
Mr  James  RufTel,  ProfsfTor  of  natural  philofopby  j aper- 

fon 


ELECT 

fon  of  the  moft  acute  difcernment,  and  an  excellent  rea- 
foner.  It  was  delivered  to  his  pupils,  not  as  a theory, 
but  as  a conjeSure,  founded  on  Lord  Karnes’s  theory 
of  fpontaneuus  evaporation,  which  had  obtained  a very 
general  reception ; a conjediure,  faid  the  ProfelTor, 
founded  on  fuch  refemblances  as  made  a fimilarity  of 
operation  very  probable,  and  was  an  incitement  and  di- 
redllon  to  the  philofopher  to  a proper  train  of  experi- 
mental difcuffion.  We  fay  this  on  the  authority  of  his 
pupils  in  the  years  1767,  1768,  and  1769,  and  of  fome 
notes  in  his  own  hand  writing  now  in  our  polfeffion. 

Mr  Ruifel  confidered  the  eledtrical  phenomena  as  the 
refults  of  the  adtioU  of  a fubftance  which  may  be  called 
the  elsBrical jluid,  which  is  connedled  with  bodies  by 
attradive  and  repulfive  forces  ading  at  a diftance,  and 
diminifhing  as  the  diftance  increafes. 

Mr  Rulfel  fpeaks  of  the  eledric  fluid  as  a compound 
of  feveral  others  ; and,  particularly,  as  containing  ele- 
mentary fire,  and  deriving  from  it  a great  elafticity,  or 
mutual  repulfion  of  its  particles.  This,  however,  is 
different  from  the  elafticity  or  mutual  repulfion  of  the 
particles  of  air,  becaufe  it  ads  at  a diftance ; whereas 
the  particles  of  air  ad  only  on  the  adjoining  particles. 
By  this  conftitution,  bodies  containing  more  eledric 
fluid  than  the  fpaces  around  them  repel  each  other. 

The  particles  of  this  eledric  fluid  attrad  the  particles 
of  other  bodies  with  a force  which  diminifhes  by  diftance. 

The  charaderiftic  ingredient  of  this  fluid  is  electri- 
ciTT  properly  fo  called.  This  is  united  with  the  elaftic 
fluid  by  chemical  affinity,  which  Mr  Ruffel  calls  eledlive 
attraEiion,  a term  introduced  into  chemiftry  by  Dr  Cullen 
and  Dr  Black,  This  extends  to  all  diftances,  but  not 
precifely  by  the  fame  law  as  the  mutual  repulfion  of  the 
particles  of  the  other  fluid,  and  in  general,  it  repreffes 
the  repulfions  of  that  fluid  while  in  this  ftate  of  compo- 
fition.  This  eleSricity,  moreover,  attrads  the  particles 
of  other  bodies,  but  with  certain  eledions.  Non-eledric 
or  conduding  bodies  are  attraded  by  it  at  all  diftances  ; 
but  eledrics  ad  on  it  only  at  very  fmall  and  infenfible 
diftances.  At  fuch  diftances  its  particles  alfo  attrad 
each  other. 

By  this  conftitution,  the  compound  eledric  fluid 
repels  its  own  particles  at  all  confiderable  diftances,  but 
attrads  at  very  fmall  diftances.  It  attrads  conduding 
bodies  at  all  diftances,  but  non-condudors,  only  at  very 
fmall  diftances.  The  phenomena  of  light  and  heat  are 
confidered  as  marks  of  partial  decompofition,  and  as 
proofs  of  the  prefence  of  elementary  fire  in  the  com- 
pound : the  fmell  peculiar  to  eledricity,  and  the  effed 
on  the  organ  of  tafte,  are  proofs  of  decompofition  and 
of  the  complex  nature  of  the  fluid. 

Bodies  (condudors)  containing  eledric  fluid,  repel 
each  other  at  confiderable  diftances,  but,  if  forced  very 
near,  attrad  each  other.  Eledrics  can  contain  it  only 
in  confequence  of  the  eleBricity  in  the  compound.  Part 
of  this  eledricity  muft  be  attached  to  the  furface  in  a 
non-elaftic  ftate  ; becaufe  when  it  is  brought  fo  near  as 
to  be  attraded,  its  particles  are  within  the  fpheres  of 
each  other’s  adion,  and  this  redoubled  attradion  over- 
comes the  repulfion  occafioned  by  its  union  with  the 
other  ingredient ; and  the  eledric  fluid  is  partly  de- 
compofed,  and  \.hteleElricity,  properly  fo  called,  adheres 
to  the  furface  of  the  eledric,  as  the  water  of  damp  air 
adheres  to  a cold  pane  of  glafs  in  our  ’windows.  Alfo, 
by  this  conftitution,  eledric  fluid  may  appear  in  two 
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ftates ; elaftic,  like  air,  when  entire}  and  unelaft-c,  like 
water,  when  partly  decompofed  by  the  attradion  of* 
eledrics, 

EleBricity  may  be  forced  into  this  unelaftic  union  by 
various  means  ; by  fridion,  which  forces  the  eledric 
fluid  contained  in  the  air  into  clofe  contad,  and  thus 
occafions  this  decompofition  of  the  fluid  and  the  union  of 
its  eleSriciiy  with  the  furface.  This  operation  is  com- 
pared by  Mr  Ruflel  to  the  forcible  wetting  of  fome 
powders,  fuch  as  lycnperdon,  which  cannot  be  wetted 
without  fome  difficulty  and  mechanical  compreffion  ; 
after  which  it  adheres  to  water  ftrongly.  It  may  be 
thus  united  in  fome  natural  operations,  as  is  obferved 
in  the  melting  and  freezing  of  fome  fubftances  in  con- 
tad  with  eledrics;  and  it  may  be  thus  forced  into 
union  by  means  of  metallic  coatings,  into  which  the 
eledric  fluid  is  forced  by  an  artful  employment  of  its 
mutual  repulfions.  This  operation  is  compared  to- the 
condenfation  of  the  moifture  of  damp  air  by  a cold  pane 
of  the  w'indow  ; and  the  evacuation  of  the  other  fide  of 
the  coated  pane  is  compared  to  the  evaporation  of  the 
moifture  from  the  other  fide  of  the  window  pane,  in 
confequence  of  the  heat  v/hich  rauft  emerge  from  the 
condenfed  vapour.  We  find  in  the  Profeflor’s  notes 
abovementioned  many  fuch  partial  analogies,  employed 
to  (hew  the  ftudents  that  fuch  things  are  feen  in  the  ope- 
rations of  Nature,  and  that  his  conjedure  merits  at- 
tention. 

The  Intelligent  reader  will  fee  that  the  general  re- 
fults of  this  conftitution  of  the  eledric  fluid  will  tally 
pretty  well  with  the  ordinary  eledrical  phenomena  ; 
and,  accordingly,  this  conjecture  was  received  with  great, 
fatisfadlon.  We  remember  the  being  much  pleafed 
with  it,  as  we  heard  it  applied  by  Mr  Rulfel’s  pupils, 
many  of  w’hom  w^ill  recoiled  what  is  here  put  on  re- 
cord. But  the  attentive  reader  will  alfo  fee,  that  all 
this  intricate  combination  of  different  kinds  of  attrac- 
tion and  repulfion  is  nothing  but  mere  accommodations 
of  hypothetical  forces  to  the  phenomena.  How  in- 
comparably more  beautiful  is  the  fimple  hypothefis  of 
.^pinus,  which,  without  any  fuch  accommodations, 
tallies  fo  precifely  wit^  all  the  phenomena  that  have  yet 
been  obferved  ? Hera  no  diftindion  of  adion  is  necef- 
fary,  and  all  the  varif  ies  are  confequences  of  a circura- 
ftance  perfedly  agreeable  to  general  laws  ; namely,  that 
the  internal  ftrudure  of  fome  fubftances  may  be  fuch  as 
obftruds  the  motion  of  the  eledric  fluid  through  the 
pores — Nothing  is  more  likely. 

Several  years  after  the  death  of  the  Scotch  Pro-  Hj.j)othelia 
feffor  in  1773,  a theory  very  much  refembling  this  of  Mr  dc 
acquired  great  authority,  being  propofed  to  the  phi-  Luc. 
lofophers  by  the  celebrated  naturalift  Mr  de  Luc.  This 
gentleman  having  long  cultivated  the  ftudy  of  me- 
teorology with  unwearied  affidulty  and  great  fuccefs, 
and  having  been  fo  familiarly  converfant  with  expanfive 
fluids,  and  the  affinities  of  their  comp  ounds,  was  difpo- 
fsd  to  fee  their  operations  in  almoft  all  the  changes  on 
the  furface  of  this  globe.  Eledricity  was  too  bufy 
an  ador  in  our  atmofphere  to  efcape  his  particular  no- 
tice. While  the  mechanical  philofophers  endeavoured 
to  explain  its  effeds  by  accelerating  forces  attrading 
and  repelling,  Mr  de  Luc  endeavoured  to  explain  them 
by  means  of  the  expanfive  properties  of  aeriform  fluids 
and  gafes,  and  by  their  chemical  affinities,  compofitions, 
and  decompofuions.  He  had  formed  to  himfelf  a pe- 
culiar 
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clUiar  opinion  concerning  the  conflitutlon  of  our  atmo- 
fphere,  and  had  explained  the  condenfatiou  of  moifture, 
whether  of  fleam  or  of  damp  aeriform  fluids,  in  a way 
much  more  renncd  than  the  fimple  theory  of  Dr 
Idooke,  w'z*  folution  in  air.  He  coni.ders  the  com- 
pound of  air  and  Are  as  the  carrier  of  the  water  held  in 
folution  in  damp  air,  and  the  fire  as  the  general  carrier 
of  both  the  air  and  the  moifture.  Even/re  is  conlider- 
ed  by  him  as  a vapour,  of  which  light  is  the  carrier. 
When  this  damp  air  or  fleam  is  applied  to  a cold  furface, 
fuch  as  that  cf  a glafs  pane,  it  is  decompofed.  The  wa- 
ter is  attracted  by  the  pane  by  chemical  affinity,  and  at- 
taches itfelf  to  the  furface.  The  fire,  thus  fet  at  liberty', 
afts  on  the  pane  in  another  way,  producing  the  equili- 
brium of  temperature,  and  the  expanfion  of  the  pane. 
Afting  in  the  fame  manner  on  the  moifture  which 
chances  to  adhere  to  the  other  fide,  in  a proportion  fuit- 
ed  to  its  temperature,  it  deftrnys  their  union,  enters  into 
chemical  combination  with  the  moifture,  and  fits  it  for 
uniting  with  the  air  on  the  other  nde,  or  carries  it  off. 
Having-  read  hlr  Volta’s  theory  of  eledric  influences,  by 
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red  ; but  the  ekSlric  deferent,  when  difengaged  from 
electric  matter,  in  order  to  reftore  its  peculiar  equilibrium, 
is  afluated  by  tendencies  to  diftindf  bodies,  and  adls  by 
this  tendency  in  thus  reftoring  the  elediric  equilibrium ; 
and  it  is  only  in  confequence  of  this  tendency  that  it 
quitted  the  cleSric  matter.  This  tendency  is  then  direded 
to  fome  body  In  the  vicinity. 

4.  As  the  fire  of  vapour  pervades  all  bodies,  to  re- 
ftore the  equilibrium  of  temperature,  depofiting  the  nvater  ; 
fo  the  electric  deferent  quits  the  eledlric  matter,  to  reftore 
the  eledlric  equilibrium  in  an  inftant,  and  for  this  pur- 
pofe  pervades  all  bodies,  depofiting  on  them  the  electric 
matter  which  it  carried,  but  differently,  according  to 
their  natures. 

5.  As  yfz-f  and  •water,  while  ccropofing  retain 

their  tendencies  and  affinities  by-which  they  produce  the 
hygrofcopic  phenomena  ; fo  the  ingredients  of  the  eleElric 
fluid,  even  in  their  ftate  of  union,  retain  their  tendencies 
and  affinities,  which  produce  the  greateft  part  of  the 
electric  phenomena. 

6.  In  particular,  the  eleElric  matter  retains  its  tendencies 


which  that  philofopher  was  enabled  to  give  a fcientific  and  affinities  ; and  farther,  the  eleEiric  affinities  are,  like 
narration  and  arrangement  of  the  phenomena  of  the  elec-,  the  hygrofcopic,  without  any  choice. 


trophorus  newly  invented  by  himfelf,  and  which  is  called 
an  explanation  of  thofe  phenomena,  Mr  de  Luc  ima- 
gined that  he  faw  a clofe  analogy  between  thofe  in- 
f.iiences  on  the  plates  of  the  eleifrophorus  and  the  hy- 
grofcopic  phenomena  of  the  condenfation  and  evapora- 
tion of  moifture.  In  fhort,  he  was  ftruck  with  the  re- 
femblance  between  the  condenfation  of  moifture  on  one 
fide  of  a glafs  pane,  and  its  evaporation  from  the  other; 
and  the  accumulation  of  eledric  fluid  on  one  fide  of  a 
coated  pane,  and  the  abftraflion  of  It  from  the  other. 
Subfequent  examination  pointed  out  to  him  the  fame 
analogy  between  all  other  hygrofcopic  and  eleEiric  pheno- 
mena. 

He  therefore  immediately  formed  a fimilar  opinion 


Here,  however,  there  is  a farther  diftindlion.  The 
affinities  of  nsjater  refpeft  only  hygrofcopic  fubftances ; 
but  thofe  of  eleSrtc  matter  refpeft  all  fubftances,  and 
therefore  refpefl  the  common  atmofpheric  fluids. 

7.  W’"hen  fire  quits  the  •water  of  vapour,  to  form  the 
equilibrium  of  temperature,  it  remains  in  the  place  where 
vapour  moft  abounds,  but  is  'p’ixdiq  latent,  not  exerting 
its  powers ; fo  in  the  reftoration  of  the  equilibrium  of 
the  eleEiric  deferent  among  neighbouring  bodies,  thofe 
which  have  proportionally  moft  eleEiric  matter  alfo  retain 
moft  deferent  fluid,  but  in  a latent  ftate. 

8.  As  two  maffes  of  vapour  may  be  in  expanfive  equi- 
librium (which  others  call  balancing  each  others  elafti- 
city)  although  the  vapours  contain  very  different  pro- 


concerning the  eledlric  operations.  It  may  be  expreiTed  portions  of fire  and  •water  ; fo  two  maffes  of  eleEiricJluid 


may  be  in  expanfive  equilibrium,  although  one  contains 
much  more  eleEiric  matter  in  the  fame  bulk,  provided 
that  the  eleEiric  deferent  be  alfo  more  copious. 

The  chief  diftinftion  that  mingles  with  ihefe  analo- 
gies is,  that  the  affinity  of  water  to  hygrofcopic  fub- 
ftances operates  only  in  contact,  -whereas  eleEiric  matter 
tends  to  dift-ant  bodies ; and  thefe  diftances  are  very 
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briefly  as  follow’s : 

239  The  eleftrical  phenomena  are  the  operations  of  an 
expanfive  fubftance,  called  the  eleEiric  fluid.  This  con- 
fifts  of  two  parts : i . EleEiric  matter,  which  is  the  gra- 
vitating part  of  the  compound  ; and  eleEiric  deferent  fluid, 
or  carrying  fluid,  by  which  alone  the  eleftric  matter 
feems  to  be  carried  from  one  body  to  another.  The 

refemblance  between  the  hygrofcopic  and  eledlrical  phe-  different  in  regard  to  different  bodies, 
nomena  are  affirmed  to  be*,  Such  is  the  refemblance  which  has  appeared  fo  ftrong 

1.  As  w’atery  vapour  or  fleam  is  compofed  of  fire,  to  Mr  de  Luc.  It  is  evidently  the  fame  which  furnlfli- 
the  deferent  fluid,  and  water,  the  gravitating  part,  fo  ed  the  conjeifture  to  Mr  Ruffel,  and  w’hich  he  confider- 

§ 366,  &c.  giggific  fluid  is  compofed  of  the  eleEiric  deferent  fluid,  and  ed  mechanically,'  in  order  to  explain  the  phenomena  of 
eleEiric  matter.  eledlrlc  motions  to  ftudents  of  mechanical  philofophy. 

2.  As  vapours  are  partly  decompofed  when  too  denfe  The  only  refemblance  feems  to  us  to  appear  in  the  con- 
fer their  temperature,  and  then  their  deferent  fluid  be-  denfatlon  of  moifture  contained  in  damp  air. 
comes  free,  and  (hews  itfelf  as  fre  ; fo  eleEiric  fluid  Mr  de  Luc,  led  by  the  habits  of  his  former  ftudies, 
that  Is  too  denfe  is  decompofed,  and  Its  deferent  fluid  attempts  to  explain  every  thing  by  the  relations  which 
manifefts  itfelf  in  the  phofphoric  and  fiery  phenomena  of  were  moft  familiar  to  him,  affinities  and  expanfive  forces . 
elcBricity. 

3.  As  fire  quits  the  water  of  vapour,  to  unite  itfelf 
with  a body  lefs  warm  ; fo  the  eleEiric  deferent  quits  the 
eleEiric  matter,  in  part,  to  go  to  other  bodies  which 
have  proportionally  lefs  of  it. 

In  this  analogy,  however,  there  is  a diftindlon.  Fire, 
in  quitting  the  water  in  vapour,  remains  adtuated  by 
nothing  but  its  expanfive  force  ; remains  free,  and  ex- 
tends itfelf  till  the  equilibrium  of  temperature  is  refto- 


Let  us  attend  a little  to  the  manner  in  which  he  ex- 
plains one  or  two  of  the  moft  general  fadfs. 

I . 'The  conditions  of  conductors  and  non-conduEtors. 

This  diftindlion  depends  on  the  differences  in  the  ten- 
dency to  diftant  bodies:  there  are  great  differences  in 
thefe  diftances  according  to  the  nature  of  the  bodies; 
and  from  this  arife  great  differences  of  phenomena,  in- 
dependent of  infiilation  or  non-infulation,  which  are 
only  the  fenfible  diftindlions  of  thefe  claffes  of  bodies. 

EleEiric 
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Elediic  matter  tends  to  conduRors  at  great  diftances  ; 
but  having  reached  them,  it  does  not  adhere,  and  re- 
mains free  to  move  round  them,  being  dragged  by  the 
deferent  fluid  ; but  its  tendency  to  non-conduUor  s Is  only  at 
imall  and  infenfible  diftances  ; and  having  come  into 
contad,  it  adheres,  and  can  no  longer  be  dragged  by 
the  deferent  fluid. 

Hence  the  operation  of  conduBors  and  non-conduBors  ; 
and  there  is  no  other  foundation  lor  the  notion  of  idlo- 
eleBrics  and  non  eleBrics,  or  eledrics  by  communication. 
A part  of  a non-conduBor  takes  as  much  ekBric  matter 
as  it  can  from  the  fubltance  furnifliing  it  ; but  cannot 
communicate  it  to  another  part,  except  very  flowly ; 
therefore,  to  communicate  it  to  the  whole  furface,  we 
muft  cover  it  with  a condudor  (Surely  this  is  a di- 
llindion  in  the  body,  independent  of  the  diltance  of 
mutual  tendency  !). 

Hence,  too,  the  property  of  non-conduBors  by  which 
the  eledric  fluid  is  benumbed  {^engourdi)  or  cramped  ; 
therefore  we  can  accumulate  a great  deal  in  them  ; and 
it  will  remain  long,  being  benumbed ; and  if  it  be  deter- 
mined to  quit  them  at  once,  the  current  will  be  much 
more  denfe  than  when  quitting  an  equal  conduding 
furface. 

Since  conduBors  do  not  fix  the  eleBric  fluid,  it  niufi 
circulate  round  than.  It  is  urged  to  this  motion  by  its 
expanfive power,  by  which  it  would  difperfe  from  a body 
with  inconceivable  velocity,  and  perhaps  the  rapidity  of 
its  motion  would  deccmpofe  it,  and  caufe  fome  light  to 
emerge  ; but  it  is  at  the  fame  time  impelled  by  its  ten- 
dency to  bodies.  Thus,  by  thefe  two  forces,  it  runs  to 
a conduBing  body,  and  muft  circulate  round  it  as  the 
planets  do  round  the  fun.  In  this  circulation,  if  it 
come  to  any  great  projedion,  it  cannot  follow  the  out- 
line, becaufe  fo  abrupt  ; it  therefore  flies  off  at  all 
points  and  protuberances.  It  will  be  the  more  diffi- 
cult to  keep  to  an  abrupt  outline  as  the  ftratum  in  cir- 
culation is  more  copious  or  deeper,  becaufe  a greater 
mafs  iswnth  greater  difficulty  turned  round  a fharp  an- 
gle. It  Is  more  inclined  to  efcape  if  another  body  be 
near,  and  it  immediately  becomes  a fatelliteto  that  body. 

Thus  all  bodies  get  a (hare  of  eledric  fluid,  circula- 
ting round  condudors,  and  benumbed  or  cramped  in  non- 
conduBors.  Bodies  of  this  laft  clafs  receive  their  por- 
tion by  the  air  as  hygrofcopic  fubflances  receive  their  water 
by  thejfre. 

All  the  differences  in  the  tendencies  to  bodies  pro- 
ceed from  the  eleBric  matter.  The  deferent  fluid  follows 
other  laws;  namely,  i.  Its  tendency  to  all  fubflances 
is  greater  than  that  of  the  eleBric  matter  to  any  one. 
2.  The  tendency  (and  alfo  that  of  the  eleBric  ?natler) 
is  always  from  the  body  which  contains  mofl  of  it  to 
that  which  contains  leaft.  3.  The  body  which  contains 
mofl  of  the  one  alio  contains  moft  of  the  other.  4. 
Tht  deferent  fluid  h^.'i  cL  particular  affinity  (chemical) 
v/ith  the  eleBric  matter.  5.  All  thefe  tendencies  are  lef- 
fened  by  an  increafe  of  diflance.  6.  the  eleBric  matter, 
when  compofing  eleBric  fluid,  has  more  or  iej's  expanJive 
force  as  it  is  united  to  more  or  lefs  deferent  fluid. 

Explanation  of  Charged  Plates. 

Mr  de  Luc  fays  ($  286.),  that  his  System  was  fug- 
gefted  by  Volta’s  Theory  of  EleBric  Influences.  Thefe 
(fays  he)  had  been  pretty  well  generalifed  before,  but 
with  little  improvement  to  the  fcience,  till  Mr  Volta  dif- 
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covered  a circumflance  which,  in  his  opinion,  conneded 
by  a general  theory  many  phenomena  which  had  former- 
ly noobferved  relation  to  any  thing.  This  was,  that  when 
a body  eleBrifed  pofitively  brings  a neighbouring  body  com- 
municating ^with  the  ground  into  the  negative  Jiate,  its  own 
pofuive  ekBricity  is  weakened  while  it  remains  in  that  neigh- 
bourhood, hut  is  recovered  when  the  other  body  is  remo- 
ved. “ Such  is  the  diftinguilhing  law  of  Mr  Volta’s 
theory,  which  brings  all  the  phenomena  of  eledric  in- 
fluences under  his  theory,  beginning  with  thofe  of  coat- 
ed glafs,  which  were  formerly  fo  obfcure,  becaufe  they 
were  not  referred  to  their  true  caufe,  &c. 

“ My  System  (Mr  de  Luc  fays)  concerning  the 
nature  of  the  eleBric  fluid  explains  the  laws  of  Mr  Vol- 
ta’s theory  ; and  of  confequence  explains,  like  it,  all 
the  phenomena  which  it  comprehends  ; but  it  reaches 
much  farther,  feeing  tliat  more  general  laws  compre- 
hend a greater  number  of  phenomena. 

“ In  the  phenomena  of  coated  glafs,  I plainly  faw 
one  of  the  procedures  of  watery  vapour.  Suppofe  a 
glafs  pane,  moiflened  on  both  fides,  and  having  the 
temperature  of  the  furrounding  bodies.  Suppofe  that 
warmer  vapour  comes  to  one  fide.  It  is  condenfed  on 
the  furface  ; that  is,  it  is  decompofed,  the  water  ad- 
heres to  the  furface,  and  the  fire  penetrates  the  glafs, 
heats  it,  and  increafes  the  evaporation  from  the  other 
fide,  by  entering  into  combination  v/ith  the  water,  and 
carrying  it  off  with  it.  More  vapour  is  condenfed  on 
the  fide  A ; more  fire  reaches  the  fide  B,  and  carries 
off  more  water.  But  as  this  happens  only  becaufe  the 
flre  alfo  raifes  the  temperature  of  the  pane,  it  is  evident 
that  the  condenfation  on  the  fide  A,  and  the  evapora- 
tion from  B,  muft  gradually  flacken,  and  maximum 
of  accumidation  in  A,  and  of  evaporation  from  B,  will 
take  place  when  the  temperature  of  the  pane  is  the 
fame  with  that  of  the  hot  vapour. 

“ The  eleffrical  phenomena  of  coated  glafs  are  per- 
fedtly  flmilar.  The  eleBric  fluid  reaches  the  fide  A,  is 
decompofed,  and  the  eleBric  matter  is  there  benumbed 
and  fixed.  The  deferent  fluid  penetrates  the  pane,  and 
carries  off  the  eleBric  matter  from  the  fide  B.  This 
goes  on,  but  flackens  ; and  the  maximum  of  accumu- 
lation and  evacuation  obtains  when  the  fide  A has  ac- 
quired the  fame  intenfity  of  eleffricity  w’lth  the  charg- 
ing machine.  More  is  accumulated  in  A than  is  ab- 
ftraded  from  B : becaufe  B is  farther  from  the  fotirce 
(he  might  have  added,  that  part  of  the  fire  is  expend- 
ed in  raifing  the  temperature  of  the  pane) ; but  the 
accumulation  is  inaffive,  becaufe  the  eleBric  matter  is 
benumbed  and  fixed.  Though  the  eleBric  matter  is 
much  diminiflied  in  B,  yet  the  eiBric fluid  in  its  coat- 
ing has  as  much  expanfive  force  as  that  of  the  ground  ; 
becaufe  it  has  a furplus  of  deferent  fluid.  The  abfo- 
lute  quantity  of  eleBric  matter  in  both  fides  is  fomewhat 
augmented.” 

This  explanation  of  the  Leyden  phial  comprehends 
the  w'hole  of  hir  de  Luc’s  theory ; and  the  conflitu- 
tion  of  the  elcffric  fluid,  and  its  various  affinities,  ex- 
panfive powers  and  tendencies,  are  all  affigned  to  it  in 
fubfeiviency  to  this  explanation,  or  deduced  from  thefl'e 
phenomena.  As  the  author,  in  all  his  writings,  claims 
fome  fnperiority  over  other  naturalifls  for  more  general 
and  comprehenfive  views,  and  for  more  fcrupulous  at- 
tention to  precliion  and  meafurement,  and  particular, 
iy  for  mere  folicitude  that  no  natural  agent  be  omitted 
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that  has  any  ihare  ia  the  procedure, — he  furely  will  not 
be  offended,  although  we  ftiould  Rate  fuch  difficulties 
and  objeftions  as  occur  to  us  in  the  confideration  of 
this  System  (as  he  choofes  to  call  it)  of  eledlricity. 

We  wifii  that  it  had  been  expreffed  in  the  plain  and 
precile  language  of  mechanical  and  chemical  fcience  , 
for  he  reafons  entirely  from  tlie  nature  ofexp  infive  for- 
ces, tendencies,  and  affinities.  His  language  will  ap- 
pear to  fome  readers,  as  it  does  to  us,  rather  to  exprefs 
the  conduct  of  intelligent  beings,  ai5ting  with  choice, 
and  for  a purpofe,  than  the  laws  of  lifelefs  matter.  His 
account  wt  uld  have  been  lefs  agreeable,  it  is  true,  but 
more  inRrudtive,  and  lefs  apt  to  be  miftaken.  Meta- 
phorical language  is  feldom  ufed  without  the  rifk  of 
metaphorical  conceptions ; and  the  reader  Is  very  apt 
to  think  that  he  has  acquired  a notion  of  the  fubjed, 
while  he  is  really  thinking  of  a thing  of  a different  na- 
ture. We  apprehend  that  a great  deal  of  this  happens 
in  this  inftance,  and  that  when  the  narration  is  ftripped 
of  its  figurative  language,  it  will  be  found  without  that 
connexion  and  analogy  which  it  feems  to  poffefs. 

We  alfo  wi(h  that  the  explanation  had  been  derived 
from  fome  well  eftabliffied  principle.  The  whole  of  it 
is  profejfedly  founded  on  a refemblance  between  the 
phenomena  of  eledricity  and  fome  things  faid  of  wa- 
tery vapour ; but  thefe  ar«  not  the  pheno^nena  of  wa- 
tery vapour,  but  Mr  de  Luc’s  hypothefts  (he  will  par- 
don us  the  term,  which  we  prefer  to  fyjiem)  concern- 
ing nuatery  vapours-  W^e  do  not  think  it  philofophi- 
cal  to  explain  one  hypothefis  by  another.  Our  iiluf- 
tiious  countrymen  Bacon  and  Newton,  difapproved  of 
this  prailice  ; and  their  rules  of  philofophifing  have  ftill 
currency  among  philofophers.  Explanation,  in  our  opi- 
nion, is  the  pointing  out  fome  acknowledged  general 
faftin  nature,  and  ffiewing  that  the  particular  pheno- 
menon is  an  example  of  it.  We  do  not  fee  this  in  Mr 
de  Luc’s  explanation  ; becaufe  we  do  not  fee  the  faSs 
in  the  cafe  of  watery  vapours  to  which  the  phenomena 
of  eleflricity  are  faid  to  have  a refemblance.  The  phe- 
nomena we  mean  are  chiefly  the  motions,  and  the  trans- 
ferences of  the  powers  producing  fuch  motions  ; we  do 
not  fpeak  of  the  light,  and  fome  other  phenomena,  be- 
caufe Mr  de  Luc  does  not  fpeak  of  them  in  this  ex- 
planation. We  fhall  even  admit  the  transference  as  a phe- 
nomenon, although  we  do  not  fee  any  fubrtance  transfer- 
red : but  we  fee  a power  of  producing  certain  motions, 
where  that  power  did  not  formerly  appear  ; and  the  ap- 
pearance of  this  poxver  is  all  the  authority  adduced,  even 
by  Mr  de  Luc,  for  the  transference.  We  mufl;  now 
add,  that  the  eledlrlc  phenomena,  which  Mr  de  Luc 
calls  like  the  phenomena  of  w^atery  vapour,  are  all  fap- 
pofuions  ; and  that  therefore  the  explanation  is  a fyftem 
of  fuppofitions,  fo  as  to  be  like  the  fyftem  of 

watery  vapour.  For  Mr  de  Luc  will  grant,  that,  on 
the  one  hand,  we  fee  nothing  like  the  w'ater  in  the 
eledtric  phenomena ; and,  on  the  other  hand,  there  is 
nothing  in  watery  vapour  like  the  motions  of  the  elec- 
trometers, which  are  the  only  phenomena  from  which 
Mr  de  Luc  prbfeffes  to  reafon. 

We  alfo  fear  that  the  very  curious  experiments  of 
Count  Rumford  on  the  melting  of  ice,  and  the  propa- 
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gaticn  of  heat  through  liquids,  will  oblige  Mr  de  Luc 
to  change  the  talks  of  the  ingredients,  both  of  vapour 
and  oieltdric  fluid.  Water,  and  not  fre,  feems  to  be 
the  carrier  ox  deferent  fluid;  and  we  think  that  Frank- 
lin and  aEpinus  have  made  it  highly  probable  that  elec- 
tricity, and  not  air,  is  the  carrier. 

We  have  alfo  great  difficulty  In  conceiving  (indeed 
we  cannot  conceive)  how  the  deferent  fluid,  from  which 
the  eledtic  matter  has  been  detached  by  its  fuperior  af- 
fnity  with  the  fide  A,  can  overcome  the  ^ame  fuperior 
affinity  of  the  eledric  matter  wuth  the  fide  B ( a ),  and  carry 
it  off:  how  the  deferent  fluid  penetrates  the  non-con- 
duffing  pane,  in  order  to  carry  off  the  eleBric  matter  In 
the  form  of  fluid ; and  how  it  cannot  do  this,  except 
by  means  of  a conduBing  canal,  into  which  it  is  exprefs- 
ly  faid  that  it  does  not  penetrate.  It  muft  not  be  faid  that 
it  runs  along  the  furface  of  this  canal : for  the  fmallefl 
wire  will  be  a fufficient  conduff  or,  covered  a foot  thick 
with  fealing-wax.  This  indeed,  according  to  Mr  de 
Luc,  allows  the  deferent  fluid  to  pafs  ; but  it  muft  alfo, 
according  to  him,  ftrain  it  pretty  clear  of  all  eleBric  mat- 
ter. For  w'e  cannot  help  thinking,  that  the  procefs 
(although  purely  ideal)  has  a clofer  refemblance  to 
w hat  we  ftiould  obferve  in  a ftream  of  muddy  water 
poured  on  a ftrainer,  both  Tides  of  which  are  previoufly 
foul.  If  we  were  dlfpofed  to  amufe  ourfelves  with  a 
figurative  hypothefis,  we  could  give  one  on  the  prin- 
ciple of  filtration  that  is  very  pretty,  and  pat  to  the 
purpofe,  of  glafs  coated,  and  charged  and  dffeharged 
by  conduffing  canals. 

With  refpeff  to  the  fuggeftion  of  this  theory  by 
Volta’s  theory  of  eleffric  influences,  and  the  ignorance 
of  naturalifts  before  that  time  of  the  true  Rate  of  things, 
we  muft  obferve,  that  Mr  Rnffel  propofed  the  fame 
analogy  to  the  confideration  of  his  hearers  many  years 
before  ; and  it  was  very  generally  known.  The  elec- 
tric influences  had  been  fully  detailed  by  iEpinus  and 
Wilcke  in  1759,  and  applied  with  peculiar  addrefs  and 
force  of  evidence  by  Mr  Cavendifh  before  1771  ; and 
they  w’ere  deferibed  nearly  in  the  fame  way  by  Lane, 
Lichtenberg,  and  others. 

And  with  refpeff  to  Mr  Volta’s  general  principle, 
which  Mr  de  Luc  prizes  fo  highly,  and  by  which  he 
explains  every  thing,  we  muft  obferve,  that  it  is  not  true 
as  a phenotnenon  in  eleBricity  ; but,  on  the  contrary,  the 
pofitive  flute  of  a body  is  rendered fironger,  or  more  remark- 
able, by  inducing  the  negative  flate  on  a neighbouring  body. 
See  n°  52.  and  66.  Mr  Volta  wasmifled  by  the  appear- 
ances of  the  eleff  rophorus,  which  had  engaged  all  his  at- 
tention, and  modelled  all  his  notions  on  thefe  fubjeffs. 
His  obfervations  had  been  confined  to  difks;  and  though 
thefe  are  excellent  inftruments  for  producing  very  fen- 
fible  effeffs,  they  are  quite  unfit  for  examining  the  ge- 
neral nature  of  eleffric  influences.  Even  without  much 
knowledge  of  dynamics,  a perfen  muft  perceive  that 
the  affion  of  their  different  parts  on  the  eleffrometer 
may  be  very  different,  by  reafon  of  their  different  po- 
fitions  and  diftances  from  it.  Befides  the  eleffrome- 
ters  of  the  apparatus  deferibed  by  Mr  de  Luc  in  feff. 
440.  &G.  did  not  indicate  the  real  condition  of  the  difks 
to  which  they  were  attached,  but  the  condition  of  the 
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remote  ends  of  overcharged  conductors  of  confider- 
able  length.  Therefore,  although  all  the  eledlrometers 
' fell  lower  when  the  other  group  of  dilks  was  brought 
near,  the  pofitive  ftate  of  the  neared  dilk  was  greatly 
augmented.  The  mod  unexceptionable  apparatus  for 
this  purpofe  would  be  a row  of  polidied  balls  on  infu- 
lating  dands,  placed  in  contafl,  the  whole  charged  po- 
fitive ; and  when  another  fuch  group,  or  a long  body, 
is  brought  near,  let  the  balls  be  feparated  at  once, 
and  examined  apart  by  a very  fmall  eledrometer,  made 
in  the  form  of  our  figure  8.  We  prefume  to  fay 
that,  if  the  other  group  is  properly  managed,  and 
made  to  communicate  thoroughly  with  the  ground, 
the  pofitive  eledtricity  of  the  balls  neared  to  it  will  be 
found  greatly  augmented,  and  that  every  one  of  them 
will  be  found  in  that  precife  date  of  eledlrification 
that  is  pointed  out  by  the  .ffipinian  theory.  Mr  de 
Luc  has  made  and  narrated  the  experiments  with  the 
difks,  and  the  curious  figures  obferved  by  Lichtenbergh, 
with  great  judgment  and  fidelity  ; and  they  are  claffi- 
cal  and  valuable  experiments  for  the  examination  of  the 
theory.  We  may  here  mention  a very  neat  way  of  ex- 
ecuting the  apparatus  of  balls,  which  was  pradifed  by 
a young  friend  who  was  fo  kind  as  to  make  the  expe- 
riments for  us,  when  our  thoughts  were  turned  to  Mr 
de  Luc’s  theory.  Each  ball  was  mounted  on  a {lender 
glafs  rod  varnifhed.  The  lower  end  of  the  dalk  was 
fixed  in  a little  block  of  wood  which  had  a fquare  hole 
through  it,  by  which  it  flided  deadily  along  a horizontal 
bar  of  mahogany,  fupported  at  the  ends  about  an  inch 
from  the  table.  The  balls  were  made  to  feparate  at  once, 
and  equally,  from  each  other,by  a chequer-jointed  frame, 
fuch  as  is  feen  in  the  toy-lhops,  carrying  a company  of 
foot  foldiers,  who  open  and  clofe  their  ranks  and  files  by 
pulling  or  puftiing  the  ends  of  the  frame.  Taking  out  the 
pins  of  the  middle  joints  of  this  checquered  frame-work, 
and  widening  the  holes  for  receiving  the  glafs  dalks,  it 
is  plain,  that  all  the  balls  will  feparate  at  once,  in  the 
very  ftate  of  electricity  in  which  they  were  when  in  the 
neighbourhood  of  the  non-infulated  group.  This  ap- 
paratus confided  of  fix  balls.  We  found  the  ball  next 
the  other  group  much  more  drongly  pofitive  than  be- 
fore bringing  that  group  near,  and  it  was  generally 
the  third  ball  which  feemed  equally  eleCtric  in  both  fi- 
tuations.  We  added  nine  balls  more,  connecting  the 
whole  by  a Gmilar  contrivance,  and  found  it  a mod  in- 
druCtive  apparatus  for  the  theory  of  the  didribution  of 
the  eleCtric  fluid.  We  with  that  it  had  occurred  to 
us  when  the  n®  62.  &c.  were  under  confideration. 

With  refpeCt  to  the  condition  in  which  the  eleCtric 
matter  is  faid  to  be  lodged  in  the  fide  A of  the  coated 
pane,  where  Mr  de  Luc  fays  that  it  is  fixed,  (engourdi), 
in  the  non  conduEling  furface  (which  condition  Mr  de 
Luc  confiders  as  charafteridic  of  fuch  fubdances),  we 
mud  fay  that  the  deferiptionof  its  date  is  by  no  means 
agreeable  to  what  we  have  obferved.  The  powers  of 
this  eleElric  matter  are  no  more  benumled  or  enervated 
(it  is  a very  unphilofophical  phrafe),  than  if  it  were  in 
a conducing  body  at  the  fame  didance  from  the  oppo- 
fue  coating.  If  coatings  be  applied  to  a block  of  glafs 
of  two  or  three  inches  in  thicknefs,  and  if  the  electri- 
fication be  fo  moderate  that  it  would  not  fly  from  the 
one  coating  to  the  other  when  the  glafs  is  removed — 
no  fenfible  diflference  will  be  found  between  the  elec- 
tricity of  the  two  coatings  with  or  without  the  glafs. 
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The  eleClric  matter  in  the  fide  A has  not  its  powers  en- 
gourdi ; they  are  balanced  by  the  powers  of  the  fide  B. 

But  how  will  Mr  de  Luc  explain  the  charging  a 
pane  negatively  ? How  will  he  bring  oif  a quantity  cf 
eleilric  matter^  greater  (according  to  his  own  account) 
than  what  will  be  benumled  on  the  other  fide  ? Nay,  we 
mud  afk,  where  does  he  find  it?  Is  there  a quantity  al- 
ready benumbed  there  ? What  is  to  revive  it  ? 

Let  us  now  confider  a little  the  conditution  of  the 
ingredients  of  this  eleClric  fluid,  by  which  all  thefe 
things  are  brought  about.  And  in  doing  this,  let 
us  banifh,  when  poflible,  all  figurative  language  ; and, 
in  the  precife  and  dry  phrafeology  of  dynamics,  let  us 
fpeak  of  the  motion  of  Angle  particles  of  the  eleBric 
Jluid,  deferent  fluid,  and  eleElric  matter.  By  expanf’ve 
ponuer,  mud  certainly  be  meant  fuch  a power  as  that  by 
which  air,  gafes,  inflamed  gunpowder,  fleam,  and  the 
like,  enlarge  their  bulk,  and  w’hichis  clearly  manifeded 
as  a mechanical  preflure,  by  burding  vefiels,  impelling 
bullets  or  pidons,  &c.  as  well  as  by  the  aCtual  enlarge- 
ment of  the  bulk  of  the  fluid.  We  have  no  other  in- 
dications of  its  being  a force  ; and  therefore  our  notions 
ofits  mode  cf  aCling  mud  be  derived  folely  from  what 
we  underfand  oi  this  power  in  air  or  the  other  fluids. 
Newton’s  Principia  are  our  authority  for  faying,  that  all 
that  we  know  of  it  is,  that  it  aCls  as  a number  of  cor- 
pufcles  would  aft,  which  repel  each  other  with  a force 
inverfely  proportional  to  their  difiances  ; this  aftion  not 
extending  beyond  the  adjoining  corpufcle,  not  even  to 
the  fecond.  We  know  a good  deal  of  the  propagation 
of  preflTure  and  progrelfive  motion  through  fuch  a fluid, 
when  it  is  confined  in  a veflel  or  fydem  of  veflcls,  of 
any  form,  and  forae  few  Ample  circumdances  which 
take  place  in  the  eladic  undulations  which  may  be  ex- 
cited and  propagated  through  it.  We  have  but  a ’very 
indtjllnS  notion  of  the  motions  which  one  mafs  of  fuch 
a fluid  will  produce  in  another  mafs,  when  both  are  at 
liberty  to  expand.  This  is  very  indidinft  ; but  we  are 
certain  that  it  will  be  like  the  motion  of  two  malTes  of 
air  blown  or  driven  againd  each  other.  Now  thefe 
eleftric  fluids,  by  their  expanfive  powers,  mud  aft  like 
thofe  others  with  which  we  are  more  familiarly  ac- 
quainted. And  here  we  venture  to  fay,  that  the  appear- 
ances in  eleftricity  are  fo  far  from  being  like  thefe, 
that  we  cannot  imagine  any  thing  more  remarkably  dif- 
ferent. Wefhall  mention  but  one  thing.  Every  mark 
that  we  have  for  the  prefence  of  eleEtric  fluid  obliges  us 
to  grant,  that  in  an  overcharged  body  it  is  crowded  in- 
to the  external  furface,  fo  that  the  quantity  has  little 
or  no  relation  to  the  quantity  of  matter  in  any  body, 
but  merely  to  its  furface.  This  is  quite  unlike  air,  or 
any  other  expanfive  fluid,  which  is  uniformly  didiibu- 
ted  through  the  whole  fpace  comprehended  by  the 
furface  which  bounds  it.  We  never  faw  any  thing 
like  dreams  of  this  impelling,  orany  wayaft- 

ing  on  each  other,  except  in  the  transference  by  fparks  ; 
and  there  it  was  indeed  like  the  motions  of  air,  for  it  was 
not  eleEiric  fluid,  nor  eleEtric  matter,  but  eledrified  air. 

Let  us  next  confider  the  tendencies  by  which  the  re- 
lations of  thefe  expanfive  fluids  to  other  bodies  are  pro- 
duced, and  the  eleftric  motions  are  faid  to  be  explained. 
We  obferve  that  Mr  de  Luc  avoids  the  ufe  of  the  words 
attraEiion  and  repulfion,  fo  much  employed  by  the  Bri- 
tiih  philofophers.  He  confiders  thefe  tendencies  as  de- 
terminate impulfions,  and  adopts  the  d,oftrine  of  Le 
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Sag€  of  Geneva,  who  lias  not  only  laid  Newton  under 
great  obligations^  by  a mechanical  explanation  ol 
vity,  but  has  alfo  explained  expanfion,  elafticity,  che- 
mical affinity,  and  all  fpecific  tendencies,  to  the  fatif- 
fadion  of  the  moft  eminent  mathematicians.  To  fuch 
only  Mr  de  Luc  profeifes  to  addrefs  himfelf,  who  are 
not  contented  with  a dodrinc  which  fuppofes  bodies  to 
ad  where  they  are  not.  But,  unfortunately,  Mr  le 
' Sage  has  never  obliged  the  world  with  this  explanation. 
We  are  not  moft  eminent  mathematicians  ; but  we  are 
able  to  prove, that  Mr  le  Sage’s  favourite  theorem,  men- 
tioned by  Mr  de  Luc  In  $157,  158,  as  demondrated 
by  Mr  Prevoft,  the  editor  oi Lucrece  Neutomtn,  Is  a com- 
plete deielidion  of  the  firfl  principles  of  Mr  le  Sage, 
and  is  alfo  incompatible  with  mechanical  laws.  Mr  de 
Luc  fhould  have  given  a demonflration  of  the  theorem 
on  which  all  his  fyflem  refted;  otherwife  it  is  only  re- 
viving dixit  philojophus,  ergo  verumd' 

But  let  us  fee  what  thefe  tendencies  perform.  Mr 
de  Luc  fays,  that  the  fluid,  fetting  out  from  a body 
by  its  expanfive  power,  would  move  in  a ftraight  line 
with  inconceivable  velocity,  and  would  immediately 
defert  even  this  globe,  were  it  not  defleded  by  its 
tendency  to  other  bodies.  We  do  not  fee  whence 
this  immenfe  velocity  is  derived.  But  let  it  go  off ; 
it  is  defleded  from  its  redilineal  courfe  by  its  ten- 
dency to  fome  conduding  body,  which  it  reaches,  but 
cannot  or  does  not  enter  ; and  therefore  mujl  continual- 
ly circulate  round  it,  as  the  planets  circulate  round  the 
fun,  following  its  outline,  if  not  too  abrupt,  but  flying 
off  from  all  points  in  the  dlredion  of  the  axis  of  the 
point.  See,  Here  we  are  at  home,  for  this  Is  a plain 
dynamical  problem  of  central  forces.  All  that  we  fhall 
fay  on  this  head  is,  that  Mr  de  Luc  has  certainly  not 
confidered  the  planetary  motions  with  attention,  when 
he  hazarded  this  very  comprehenfive  propofitlon.  If 
he  will  take  the  trouble  to  do  this,  he  will  fee  that 
every  part  of  it  is  Inconfiftent  with  the  acknowledged 
laws  of  mechanifm,  and  that  the  motions  are  abfolutely 
impoffible.  Befides,  we  know  that  it  will  not  fly  off 
from  a hundred  points  placed  together,  which  is  a ftill 
more  abrupt  outline,  if  they  do  not  projed  beyond  the 
brim  of  a pit  in  which  they  ftand ; yet  this  pit  only 
makes  the  outline  more  abrupt.  We  farther  believe,  that 
no  perfon  can  form  to  himfelf  any  diftind  notion  of  fuch 
circulations  round  every  conduding  body  ; they  will  be 
more  numerous,and  infinitely  moreconfufedand  jarring, 
than  all  the  vortices  of  Des  Cartes.  How  can  fuch 
motions  take  place  round  a bunch  of  brafs  wire  burled  in 
fealing-wax  ? Yet  he  muft  grant  that  they  really  happen 
there  i or  what  prevents  the  ekdric  fluid  from  being 
Jirained  clear  of  all  eledric  matter  in  palling  thro’  the  air? 

We  would  alfo  alk,  why  the  tendency  is  always  from 
the  body  containing  mojl  of  the  fluid  to  that  containing  leafl  ? 
It  is  not  enough  to  fay  that  it  is  fo  ; this  would  only 
be  contriving  a thing  to  fuit  a purpofe  ; a reafon  fhould 
he  given  if  we  pretend  to  explain.  Now  the  tendency 
to  a diftant  body  is  to  the  matter  in  that  body,  without 
any  relation  to  the  fluid  in  it,  or  In  the  body  from 
which  it  came. 

On  the  whole,  w^e  cannot  think  this  theory  is  any 
thing  but  telling  a ftory  of  ideal  beings,  in  very  figu- 
rative language,  which  gives  it  fome  animation  and  in- 
-tereft.  The  different  affinities,  tendencies,  and  powers, 
are  only  ways  of  expreffmg  certain  events,  and 
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fuited  to  thofe  events ; but  it  gives  no  explanation  of 
the  obferved  mechanical  phenomena  of  eledricity,  fhewing 
from  acknowledged  principles  that  they  muft  be  fo. 

What  a difference  betw'een  this  laboured  and  intri- 
cate mechanifm,  and  the  Ample,  perfpicuous  and  diftind 
theory  of  ^pinus  ! Even  Mr  Ruffel’s  explanation  is 
more  intelligible,  and  more  applicable  to  the  motions 
which  are  really  obferved.  That  gentleman  faw  the 
neceffity  of  confidering  them  as  the  fubjeds  of  mechani- 
cal difcujfiun,  and  that  all  that  was  wanted  was  to  find 
out  what  law  of  diftant  adion  would  tally  with  the 
phenomena.  The  Scotch  philofopher  w'as  careful  to 
warn  his  hearers  that  he  only  propofed  a conjeBure. 
The  Swede  calls  his  performance  Tentamen  Theorise,  &c. 
and  begins  and  concludes  it  with  exprefsly  faying,  that 
it  is  only  a hypothefis.  The  Englifh  nobleman  calls  his 
differtation  an  Attempt  to  explain  fome  of  the  phenome- 
na, &c.  None  of  thefe  pbilofophers  call  their  works  a 
SYSTEM,  which  comprehends  all  theories,  whether  that 
of  Volta,  or  of  any  other  fuccefsful  inquirer. 

We  hope  to  be  excufed  for  treating  fo  largely  of  this 
fubjed.  It  ftruck  us  as  a very  proper  example  of  the 
bad  confequences  of  indulging  in  figurative  language. 
It  muft  be  very  feducing,  when  fo  fcrupulous  and  fo 
eminent  a philofopher  as  Mr  de  Luc  is  led  aftray  by  it. 

We  conclude  this  long  article  by  obferving,  that 
whatever  may  be  the  fate  of  Mr  .flSpinus’s  hypothetical 
theory,  his  claflification  of  the  fads,  and  his  precife  de- 
termination of  the  mechanical  phenomena  to  be  exped- 
ed  from  any  propofed  fituation  and  condition  of  the 
fubftances,  wfill  ever  remain,  and  be  an  unerring  direc- 
tion in  future  experiments  ; and  the  w'hole  is  an  illuf- 
trious  fpecimen  of  ingenuity,  addrefs  and  good  rea- 
foning.  We  hope  to  make  this  ftill  more  evident,  when 
we  apply  it  to  the  quiet  and  manageable  phenomena  of 
Magnetism 

Pondere  et  menfurd. 


APPENDIX; 

CONTAINING  AN  ABSTRACT  OF  MR  COULOMb’s  EXPE- 
RIMENTS. 

Mr  Coulomb  in  the  Mem.  de  VAcad.  de  Paris  for 
1786,  relates  feveral  experiments  made  for  afeertaining 
the  difpofition  or  diftiibution  of  the  eledric  fluid  in  an 
overcharged  body.  Their  general  refults  were, 

1 . That  the  fluid  is  diftributed  among  bodies  accord- 
ing to  their  figure,  without  any  eledive  affinity  to  any 
kind  of  fubftance. 

For  w'hen  a ball,  or  body  of  conduding  matter,  and  of 
any  fliape,iseledrified  to  any  particulardegree,as  indlea- 
ted  by  his  eledrometer,  if  it  be  touched  by  another  equal 
and  fimilar  body,  fimilarly  fituated  in  refped  of  the 
touching  points,  the  eledricity  is  always  reduced  to 

2,  In  an  overcharged  conduding  body,  the  fluid  dif- 
fufes  itfelf  entirely  along  the  furface,  witnout  penetra- 
ting into  the  interior  parts. 

The  conduding  body  AB  (fig.  37.)  had  pits  a, 

&c.  made  in  various  parts  of  its  furface.  Theywer& 
half  an  inch  in  diameter,  and  fome  of  them  Tu^h,  others, 
.^ths,  others  depth,  c reprefents  the 

edge  of  a fmall  circle  of  gilt  paper,  -fth  of  an  inch  in 
diameter,  fixed  perpendicularly  on  the  end  of  a fine 
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